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MINUTES  OF  MEETINGS 
OF  THE  SOCIETY 


December  2ist,  1910. — The  meeting  was  called  to  order  at  8.30  p.  M. ; 
Vice-President  Pegram  in  the  chair;  Chas.  Warren  Hunt,  Secretary; 
and  present,  also,  64  members  and  19  guests. 

A  paper  by  Morton  L.  Tower,  M.  Am.  Soc.  C.  E.,  entitled  "Notes 
on  the  Bar  Harbors  at  the  Entrances  to  Coos  Bay,  and  TJmpqua  and 
Siuslaw  Eivers,  Oregon,"  was  presented  by  title,  and  the  Secretary 
read  a  written  communication  on  the  subject  by  Lewis  M.  Haupt, 
M.  Am.  Soc.  C.  E. 

A  paper  by  Walter  Buehler,  M.  Am.  Soc.  C.  E.,  entitled  "Timber 
Preservation,  Its  Development  and  Present  Scope,"  was  presented  by 
the  Secretary,  and  the  subject  was  discussed  orally  by  Messrs.  Richard 
Lamb,  George  W.  Tillson,  Ernest  F.  Hartmann,  and  A.  L.  Dean. 
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The  Secretary  announced  the  following  deaths: 

Henry  Purdon  Bell,  elected  Member,  June  4th,  1884;  date  of  death 
unknown. 

WiLLL\M  Egbert  Browne,  elected  Member,  June  1st,  1898;  died 
September  3d,  1908. 

Adjourned. 

January  4th,  1911. — The  meeting  was  called  to  order  at  8.30  p.  M. ; 
Director  Gardner  S.  Williams  in  the  chair;  Chas.  Warren  Hunt, 
Secretary;  and  present,  also.  111  members  and  22  guests. 

The  minutes  of  the  meetings  of  November  16th  and  December  Yth, 
1910,  were  approved  as  printed  in  Proceedings  for  December,  1910. 

A  paper  by  Henry  Earle  Eiggs,  M.  Am.  Soc.  C.  E.,  entitled  "The 
Valuation  of  Public  Service  Corporation  Property,"  was  presented  by 
title,  and  the  subject  was  discussed  orally  by  Messrs.  F.  Lavis,  Charles 
H.  Higgins,  J.  Martin  Schreiber,  and  Charles  Hansel. 

The  Secretary  reported  that  he  had  received  a  number  of  written 
communications  on  the  subject,  but  owing  to  the  time  taken  up  by 
the  oral  discussion  they  were  not  read. 

The  Secretary  announced  the  election  of  the  following  candidates 
on  January  3d,  1911 : 

As  Members. 

Harry  Clark  DeLano,  Manila,  Philippine  Islands. 

Percy  Walker  Early,  Cedar  BlufF,  Va. 

James  Zachariah  George,  Memphis,  Tenn. 

Michael  Creed  Hinderlider,  Denver,  Colo. 

Edgar  Stanislaus  von  Piontkowski,  Manila,  Philippine  Islands. 

Frank  Thomas  Westcott,  North  Attleborough,  Mass. 

As  Associate  Members. 

Walter  Henry  Allen,  Chehalis,  Wash. 
Harold  Willoughby  Benedict,  Troy,  N.  Y. 
Clayton  Wass  Bowles,  Glendive,  Mont. 
Percy  Lewis  Braunwortii,  Eoseland,  N.  J. 
Henry  John  Brunnier,  San  Francisco,  Cal. 
MujLard  Angle  Butler,  Spokane,  Wash. 
Egbert  Franklin  Ewald,  Provo,  Utah. 
George  Farnsworth  Fisk,  Buffalo,  N.  Y. 
John  Egbert  Grant,  New  York  City. 
John  Alexander  Griffin,  Lynchburg,  Va. 
George  Foster  Harley,  Jackson,  Ga. 
Levi  Bates  Lincoln,  Houlton,  Me. 
Frank  Irwin  Louckes,  Louisville,  Ky. 
James  Henry  Manning,  Franklin,  N.  H. 
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Arthur  Theopore  Peterson,  Nashville,  Tenn. 

John  Carleton  Phillips,  Fort  Flagler,  Wash. 

Otto  Charles  Julius  Podewils,  New  York  City. 

James  Francis  Quirk,  Brown  Station,  N.  Y. 

Francis  Orea  Rensuaw,  Richmond,  Va. 

William  Patrick  Vallely,  New  York  City. 

George  Albert  Wall,  Denver,  Colo. 

Horace  Prettyman  Warren,  Cristobal,  Canal  Zone,  Panama. 

Harrison  Allen  Whitney,  Portland,  Ore. 

As  Associate. 

Robert  Ernest  Belknap,  Chicago,  111. 

As  Juniors. 

Tracy  Bartholomew,  Denver,  Colo. 

Edwin  Roy  Bowerman,  Fairport,  N.  Y. 

John  Henry  Bringhurst,  Ann  Arbor,  Mich. 

Karl  Walthall  Brittain,  Atlanta,  Ga. 

George  Bryan,  Jr.,  Chicago,  111. 

William  Edward  Hamilton,  Pennington,  Ala. 

Harry  Albertus  Helling,  Poiighkeepsie,  N.  Y. 

Christian  Huth,  Chicago,  111. 

Robert  Burt  Leete,  Detroit,  Mich. 

Antonio  Sebastian  Lucchetti-Otero,  Ponce,  Porto  Rico. 

Frank  Henry  Macy,  Inlet,  N.  Y. 

Alexander  Wicliffe  Muir.  Newton,  N.  J. 

Francis  Raymond  Nitchie,  Washington,  D.  C. 

Asa  Bertrand  Segur,  Manila,  Philippine  Islands. 

Julius  Herschel  Serra,  Brooklyn,  N.  Y. 

Arthur  Porter  Smyth,  Helena,  Mont. 

Francis  Tengley,  Walden,  N.  Y. 

James  Baldwin  Warrack,  Seattle,  Wash. 

The  Secretary  announced  the  transfer  of  the  following  candidates 
(in  January  3d,  1911: 

Froai   Associate  Member  to  Member. 

Warren  Martin  Archibald,  Houston,  Tex. 
Robert  Crary  Barnett,  Kansas  City,  Mo. 
William  Laramy  Butcher,  Cambridge,  Mass. 
Herbert  James  Chambers.  New  York  City. 
Frederick  Bernhardt  Duis,  Wheeling,  W.  Va. 
Nelson  Andrew  Eckart,  San  Francisco,  Cal. 
James  Easton  Ferguson,  Toledo,  Ohio. 
George  Rogers  Heckle,  Alberton,  Md. 
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John  Clarendon  McClure,  Tucson,  Ariz. 
John  Laroy  Mann,  Santo  Domingo,  Santo  Domingo. 
Marshall  Ney  Shoemaker,  Newark,  N.  J. 
Egbert  Andrew  Thompson,  Wichita  Falls,  Tex. 
George  Mu^ler  Wells,  Gatun,  Canal  Zone,  Panama. 
WiLLARD  Olney  White,  Uniontown,  Pa. 

From  Junior  to  Associate  Member. 

William  Franklin  Collar,  Negaunee,  Mich. 

Irving  Dean  Goodwin,  Des  Moines,  Iowa. 

Sinclair  Ollason  Harper,  Grand  Junction,  Colo. 

Francis  Beal  Marsh,  New  York  City. 

Crosby  Miller,  Steelton,  Pa. 

Avalon  Graves  Robertson,  Bocas  del  Toro,  Panama. 

Edward  Lawrence  Sayers,  Yonkers,  N.  Y. 

The  Secretary  announced  the  following  death : 
William  Parsons  Watson,  elected  Member,  June  1st,  1887;  died 
December  19th,  1910. 

Adjourned. 

OF  THE  BOARD  OF  DIRECTION 

(Abstract) 

January  3d,  191 1. — Vice-President  Pegram  in  the  chair;  Chas. 
Warren  Hunt,  Secretary;  and  present,  also,  Messrs.  Bates,  Belknap, 
Brackett,  Churchill,  Kimball,  Stearns,  Thompson,  and  Williams. 

The  matter  of  proposed  legislation  covering  the  practice  of  Civil 
Engineers  was  considered,  and  the  draft  of  a  bill,  which  had  been  made 
a  special  order  for  this  meeting,  was  considered  in  detail,  amended 
and  adopted  under  the  following  resolution: 

"Whereas:  There  are  National  Societies  of  Engineers  in  the 
United  States,  membership  in  which  can  only  be  secured  after  rigid 
examination  of  the  fitness  of  applicants  to  practice  as  Engineers;  and 

"Whereas:  The  public  has  ample  protection  if  they  will  employ 
only  those  who  have  thus  demonstrated  their  ability;  be  it 

"Resolved:  That  the  Board  of  Direction  of  the  American  Society 
of  Civil  Engineers  does  not  deem  it  necessary  or  desirable  that  Civil 
Engineers  should  bo  licensed  in  any  State ;  and  be  it  further 

"Resolved:  That  if,  notwithstanding  this,  the  Legislature  of  any 
State  deems  the  passage  of  a  statute  covering  the  practice  of  Civil 
Engineering  desirable  for  the  protection  of  the  public,  the  accompany- 
ing draft*  of  such  a  statute,  which  has  been  prepared  by  the  Board  as 
embodying  proper  requirements  for  that  purpose,  is  recommended." 

*  See  p.  7. 
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The  resignation  of  C.  C.  Schneider,  Past-President,  Am.  Soc.  C.  E., 
as  a  member  of  the  Special  Committee  on  Concrete  and  Keinforced 
Concrete,  was  received  and  accepted. 

A  report  was  received  from  the  Committee  to  recommend  the 
Award  of  Prizes  for  the  year  ending  with  Transactions  for  July,  1910, 
said  Committee  consisting  of  Messrs.  Kobert  Eidgway,  W.  W.  Curtis, 
and  T.  G.  Dabney,  and  the  recommendations  of  this  Committee  were 
adopted,  the  Norman  Medal  being  awarded  to  C.  E.  Grunsky,  M.  Am. 
Soc.  C.  E.,  for  his  paper  entitled  "The  Sewer  System  of  San  Francisco, 
and  a  Solution  of  the  Storm-Water  Flow  Problem,"  and  The  Thomas 
Fitch  Rowland  Prize  to  John  H.  Gregory,  M.  Am.  Soc.  C.  E.,  for  his 
paper  entitled  "The  Improved  Water  and  Sewage  Works  of  Columbus, 
Ohio."    No  award  of  the  Collingwood  Prize  for  Juniors  was  made. 

The  resignations  of  2  Members,  5  Associate  Members,  1  Associate, 
and  9  Juniors  were  accepted  dui'ing  the  year,  as  taking  effect 
December  31st,  1910. 

Action  was  taken  in  regard  to  members  in  arrears  for  dues. 

Ballots  for  membership  were  canvassed,  resulting  in  the  election  of 
6  Members,  23  Associate  Members,  1  Associate,  and  18  Juniors,  and 
the  transfer  of  7  Juniors  to  the  grade  of  Associate  Member. 

Fourteen  Associate  Members  were  transferred  to  the  grade  of 
Member. 

Applications  were  considered,  and  other  routine  business  transacted. 

Adjourned. 
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ANNOUNCEMENTS 

The  House  of  the  Society  is  open  from  9  A.  M.  to  10  P,  M., 
every  day,  except  Sundays,  Fourth  of  July,  Thanksgiving  Day,  and 
Christmas  Day. 

FUTURE   MEETINGS 

February  ist,  1911.-8.30  P.  M.— At  this  meeting  a  paper  entitled 
"The  Water- Works  and  Sewerage  of  Monterrey,  N.  L.,  Mexico,"  by 
George  Robert  Graham  Conway,  M.  Am.  Soc.  C.  E.,  will  be  presented 
for  discussion. 

This  paper  was  printed  in  Proceedings  for  December,  1910. 


February  15th,  19 11. —8.30  P.  M.— A  paper  by  E.  D.  Hardy,  M.  Am. 
Soc.  C.  E.,  entitled  "Water  Purification  Plant,  Washington,  D.  C, 
Results  of  Operation,"  will  be  presented  for  discussion. 

This  paper  was  printed  in  Proceedings  for  December,  1910. 


March  ist,  1911.— 8.30  P.  M.— At  this  meeting  a  paper  entitled 
"The  Pittsburg  and  Lake  Erie  Railroad  Cantilever  Bridge  Over  the 
Ohio  River  at  Beaver,  Pa.,"  by  Albert  R.  Raymer,  M.  Am.  Soc.  C.  E., 
will  be  presented  for  discussion. 

This  paper  is  printed  in  this  number  of  Proceedings. 


March  15th,  1911. — 8.30  P.  M.— A  paper  by  Arnold  C.  Koenig, 
Assoc.  M.  Am.  Soc.  C.  E.,  entitled  "Dams  on  Sand  Foundations :  Some 
Principles  Involved  in  Their  Design,  and  the  Law  Governing  the 
Depth  of  Penetration  Required  for  Sheet-Piling,"  will  be  presented 
for  discussion. 

This  paper  is  printed  in  this  number  of  Proceedings. 
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THE  LICENSING  OF  CIVIL  ENGINEERS. 
Resolutions  adopted  by  the  Board  of  Direction,  January  3d,  191 1. 

"WHEREAS:  There  are  National  Societies  of  Engineers  in  the 
United  States,  membership  in  which  can  only  be  secured  after  rigid 
examination  of  the  fitness  of  applicants  to  practice  as  Engineers;  and 

*♦  WHEREAS:  The  public  has  ample  protection  if  they  will  employ 
only  those  who  have  thus  demonstrated  their  ability;  be  it 

•♦  RESOLVED:  That  the  Board  of  Direction  of  the  American  Society 
of  Civil  Engineers  does  not  deem  it  necessary  or  desirable  that  Civil 
Engineers  should  be  licensed  in  any  State  ;  and  be  it  further 

••  RESOLVED  :  That  if,  notwithstanding  this,  the  Legislature  of 
any  State  deems  the  passage  of  a  statute  covering  the  practice  of 
Civil  Engineering  desirable  for  the  protection  of  the  public,  the 
accompanying  draft  of  such  a  statute,  which  has  been  prepared  by  the 
Board  as  embodying  proper  requirements  for  that  purpose,  is 
recommended."  

AN  ACT  TO  PROVIDE  FOR  THE  LICENSING  OF  CIVIL  ENGINEERS. 

1  The  people  of  the  State  of ,  represented  in  Senate  and 

2  Assembly,  do  enact  as  follows: 

3  SECTION  1. — After  May  1st,  19 ,  no  person  shall  practice  Civil 

4  Engineering  within  the  meaning  of  this  Act  in  the  State  of 

5  unless   authorized   by    license    from    the    State    Board   of    Engineering 

6  Examiners,  as  required  by  this  Act. 

7  SECTION      2.  —  Practice      of      Civil,     Engineering.  —  Civil 

8  Engineering,  within  the  meaning  of  this  Act,  is  the  practice  of  any  branch 

9  of  the  Profession  of  Engineering  other  than  Military.     Said  Profession 

10  embraces  the  design   and   supervision  of  the  construction  of  public  or 

11  private  utilities,  such  as  Railroads,  Bridges,  Highways,  Roads,  Canals, 

12  Harbors,  River  Improvements,  Lighthouses,    Irrigation  Works,  Water 

13  Supplies,  Sanitary  and  Drainage  Works,  of  works  for  the  Development, 

14  Transmission,  and  Application  of  Power,  and  of  Electrical,  Mechanical, 

15  Mining,   Industrial,   Hydraulic,    Municipal,    Sanitary,    Structural,   and 

16  other  works  which  require  experience  and  the  same  technical  knowledge 

17  as     Engineering     Schools     of     recognized     reputation    prescribe     for 

18  graduation. 

19  The   enumeration   of  any  pultlie   or  private  utilities  or  works  in  this 

20  section  shall  not  be  held  to  exclude  from  said  Profession  the  design  and 

21  supervision   of  other  public  or  private  utilities  or  works  which  require 

22  experience  and  like  technical  knowledge. 

23  SECTION  3. —  State  Board  of  Engineering  Examiners.— 

24  A  State  Board  of  Engineering  Examiners  of  nine  (9)  members  shall  be 
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25  appointed    by   the   Governor,    each   of    whom,    except    as    hereinafter 

26  provided,  sliall  hold  office  for  six  (6)  years  from  May  1st  of  the  year  in 

27  which  he  is  appointed.     In  constituting  the  first  Board  to  be  appointed 

28  under  this  Act,  the  Governor  shall  designate  three  (3)  members  to  serve 

29  for  two  (2)  years  from  May  1st,  19— ;  three  (3)  members  to  serve  for 

30  four  (4)  years  from  May  1st,  19—;  and  three  (3)  members  to  serve  for 

31  the  full  term  of  six  (6)  years  from  May  1st,  19 

32  Thereafter,  the  Governor  shall  appoint  biennially  three  (3)  members 

33  for  the  full  term  of  six  (6)  years,  to  fill  the  vacancies  caused  by  expiration 

34  of  term  of  office,  and  may,  at  any  time,  fill  vacancies  in  the  Board  for 

35  the  unexpired  term  caused  liy  death,  resignation,  or  removal  from  office. 

36  The  Governor  may  remove  any  member  of  the  Board  of  Examiners  for 

37  misconduct,  incapacity,  or  neglect  of  duty. 

38  Each  member  of  the  Board   of  Engineering  Examiners  shall  be  a 

39  Professional  Civil  Engineer  at  least  thirty-five  (35)  years  of  age,  shall 

40  have   had   at   least  ten    (10)    years'    active   practice,  be    of   recognized 

41  standing  in  the  Profession,  and  be   licensed  under  this  Act.     He  shall 

42  have    been   a   resident   of   the    State    of for   one    (1)   year 

43  immediately  preceding  his  appointment. 

44  Wherever  the  words  "  the  Board  "  are  used  in  this  Act  they  mean 

45  the  State  Board  of  Engineering  Examiners  provided  for  by  this  Section. 

46  SECTION  4. — Certificate  of  Appointment,  Oath,  Powers. — 

47  Every  member  of  the  Board  shall  receive  a  certificate  of  appointment 

48  from  the  Governor,  and  before  beginning  his  term  of  office  shall  file  with 

49  the  Secretary  of  State  the  constitutional  oath  of  office.     Each  member  of 

50  the  first  Board  shall  receive  a  license  under  this  Act  from  said  Board 

51  when  organized. 

52  The  Board,  or  any  committee  thereof,  shall  be  entitled  to  the  counsel 

53  and  services  of  the  Attorney  General,  shall  have  the  power  to  compel 

54  the    attendance    of    witnesses,   and    may   take    testimony   and    proofs 

55  concerning  all  matters  within  its  jurisdiction. 

56  The  Board  shall  adopt  a  seal  which  shall  be  affixed  to  all  licenses 

57  granted,  and  may  make  all  by-laws  and  rules,  not  inconsistent  with  law, 

58  needed  in  performing  its  duty;  but  no  by-law  or  rule  by  which  more 

59  than  a  majority  vote  is  required  for  any  specfied  action  by  the  Board 

60  shall  be  amended,  suspended,  or  repealed  by  a  smaller  vote  than  that 

61  required  for  action  thereunder. 
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62  SECTION  5. — Expenses. — The  fees  derived  from  tlie  operation  of 

63  this  Act  shall  be  paid  into  the  State  Treasury,  and  the  Legislature  shall 

64  annually    appropriate    amounts    sufficient    to    pay    all   proper   expenses 

65  incurred  pursuant  to  this  Act. 

66  Warrants  for  the  payment  of  expenses  incurred  shall  be  issued  by 

67  the  Comptroller,  and  paid  by  the  State  Treasurer  upon  presentation  of 

68  vouchers  regularly  drawn  and  approved  by  the  President  and  Secretary 
6!t  of  the  Board. 

To         On  or  before  the  first  day  of  February  in  each  year,  the  Board  shall 

71  submit  to  the  Legislature  a  written  report  of  its  proceedings  for  the 

72  preceding   year,  and  shall  tile  with   the   Secretary  of   State   a   copy  of 

73  said   report,  together  with  a  complete  statement   of    the   receipts   and 

74  expenditures  of  the  Board,  attested  by  the  affidavits  of  the  President 

75  and  Secretary,  and  a  complete  register  of  those  licensed  to  practice  Civil 

76  Engineering  under  this  Act,  with  their  addresses  and  the  dates  of  their 

77  licenses. 

78  SECTION"  6. — Officers,  Meetings,  Quorum,  Committees. — The 

79  Board  shall  biennially  elect  from  its  members  a  President  and  a  Vice- 

80  President  for  the  ensuing  biennial  term. 

81  The  Board  shall  appoint  a  Secretary,  wiio  shall  not  be  a  member  of 

82  the    Board,    but   who   shall    have    the    same    qualifications    as    herein 

83  required  for  members  thereof.     He  shall  hold  office  during  the  pleasure 

84  of    the    Board,    and    shall   receive    an   annual  compensation  of 

85  dollars.      He    shall    give    a   bond     with    sureties   to    be   approved   by 

86  the  Board  conditioned    for   the  faithful  performance  of  his  duties  and 

87  for  the  accounting,  and  payment  over,  of  all  moneys  received  by  him. 

88  The  Secretary  shall  keep  a  record  on  file  in  the  office  of  the  Board 

89  of  all  licenses  granted,  and  shall  receive  and  account  for  all  fees  derived 
1»0  from  the  operation  of  this  Act.     He  shall  perform  all  other  duties  which 

91  may  from  time  to  time  be  assigned  to  him  by  the  Board. 

92  The  Board  shall  hold  at  least  six  (6)  stated  meetings  in  each  year. 

93  Special  meetings  may  be  called  at  other  times  by  the  President  or  by 

94  three  (3)  members  of  the  Board.     At  least  ten  (10)  days'  notice  of  all 

95  meetings  shall  be  given. 

96  At  any  meetings  of  the  Board  three  (3)  members  shall  constitute  a 
07  quorum. 

98        SECTION    7. — Admissions    to   Examination.— The   Board   shall 
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99  admit  to  examination  any  candidate  who  pays  a  fee  of dollars 

100  and   submits  evidence,  verified  by  oath   and  satisfactory  to  the   Board 

101  that  he 

102  (1)  is  more  than  twenty-one  (21)  years  of  age, 

103  (2)  is  of  good  character, 

104  (3)  has  been  engaged  actively  in  Civil  Engineering  work,  as  assistant 

105  or  otherwise,  for  at  least  six  (G)  years,  and  has  had  charge  of  Engineering 
100  work  for  at  least  one  (1)  year, 

107  (4)  or,  is  a  graduate  from   a  school  of   Engineering  of  recognized 

108  reputation,  and  has  been  engaged  actively  in  Civil  Engineering  work,  as 

109  assistant  or  otherwise,  for  at  least  four  (4)  years,  and  has  had  charge  of 

110  Engineering  work  for  at  least  one  (1)  year. 

111  SECTION  8. — Licenses    without    Examinations. — The    Board 

112  shall  issue  a  license,  upon  due  application  therefor,  and  the  payment  of 

113  a  fee  of dollars,  within  one  (1)  year  after  this  Act  takes  effect, 

114  to  any  candidate  furnishing  evidence  satisfactory  to  said  Board,  that  the 

115  candidate  is  qualified  for  admission   to  examination   as  prescribed   in 

116  Section  7  hereof  and  has  practiced  Civil  Engineering  for  an  additional 

117  period  of  not  less  than  four  (4)  years  immediately  preceding.     After  the 

118  expiration  of  said  period  of  one  (1)  year,  the  Board  shall  issue  licenses 

119  only  as  hereinafter  provided. 

120  SECTION  9.— Examinations. — Examinations  for  license  shall  be 

121  given  at  stated  or  called  meetings  of  the  Board,  which  shall  be  held  at 

122  various  places  Avithin  the  State,  at  the  selection  of  the  Board.    The  scope 

123  of  the  examinations  and  the  methods  of  procedure  shall  be  prescribed  by 

124  the  Board.     The  examinations  may  be  either  oral  or  written,  or  partly 

125  oral  and  partly  written,  but  shall  be  as  nearly  uniform  as  is  reasonably 

126  possible   in  each  specialty  covered.     As   soon  as  practicable  after  the 

127  close  of  each   examination  a  certificate    shall  be   filed  in  the  otRce  of 

128  the  Secretary  of  the  Board,  signed  by  the   members  conducting   such 

129  examination.     Said  certificate  shall  show  the  action  of  the  Board  upon 

130  each  application,  whereupon  the  Secretary  of  the  Board  shall  notify  each 

131  applicant  of  the  result  of  his  examination.     If  a  candidate  fails  on  first 

132  examination,  he  may,  after  an  interval  of  not  less  than  six  (6)  months, 

133  nor    more    than    one    (1)   year,   have   a   second    examination    without 

134  additional  fee. 

135  SECTION  10. — Licenses. — Upon  the  payment  of  an  additional  fee 
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130  of dollars  any  api)licaiit  who  has  been  certified  as  having  passed 

137  the  prescribed  exanunation  shall  receive  a  license  to  practice,  signed  by 
13S  the  President  and  Secretary  of  the  Hoard,  under  its  seal,  which  license 
13U  shall  state  that  the  applicant  has  given  satisfactory  evidence  of  fitness  as 

140  to  age,  character,  education  and  training,  and  all  other  matters  required 

141  by  this  Act,  and  that,  after  examination,  he  has  been  found  properly 

142  (lualified  to  practice. 

143  The  Board  shall,  from   time  to  time,  examine  the  requirements  for 

144  licenses  in  other  States,  and  shall  register  those  in  which,  in  the 
14."i  judgment  of  said  Board,  standards  not  lower  than  those  provided  by  this 
140  Act  are  maintained.  Uioon  the  presentation,  by  a  resident  of  a  State  so 
147  registered,  to  the  Secretary  of  said  Board,  of  satisfactorj'  evidence  that 

145  he  holds  a  license  issued  by  proper  authority  in  such  State,  or  upon  the 

149  presentation,  by  a  Civil  Engineer  resident  in  a  State  not  so  registered,  of 

150  satisfactory  evidence  that  he  is  qualified  as  prescribed  in  Section  7  hereof 

151  and  has  practiced  Civil  Engineering  for  an  additional  period  of  not  less 

152  tliau  four  (4)  years  immediately  preceding  his  application,  accompanied 

153  in  either  case  by  a  fee  of dollars,  the  Secretary  shall  issue  to  him 

154  a  license   to   practice  Civil  Engineering  in  the  State  of , 

155  whereupon  the  person  to  whom  said  license  is  issued  shall  be  entitled  to 
l.")0  all    the    rights    and    privileges   conferred    by    a    license    issued   after 

157  examination  by  the  Board. 

158  Before  any  license  is  issued,  it  shall  be  numbered  and  recorded  in  a 

159  book  kept  for  that  purpose  in  the  office  of  the  Board,  and  its  number  shall 
100  be  noted  on  the  license.  This  register  shall  be  open  to  public  inspection, 
IGl  and  in  all  legal  proceedings  the  same  or  a  transcript  of  any  part  thereof, 

102  certified  by  the  Secretary  of  the  Board  under  its  seal,  shall  be  entitled  to 

103  admission  in  evidence. 

104  No  unlicensed  person  shall  qualify  as  a  witness  before  any  State  or 

105  Municipal  Court  as  an  expert  in  Civil  Engineering. 

106  Ko  map,  plan,  or  drawing  required  by  law  to  be  certified  or  approved 

107  by  a  Civil  Engineer  shall  be  accepted  or  filed  by  State  or  ]Munitipal 
1()S  authority,  unless  the  certification  or  approval  is  executed  by  a  person 
109  duly  licensed  in  accordance  with  the  provisions  of  this  Act. 

170  SECTION     11.  —  Kevocation     of    License,    Annulment    of 

171  Registry. — The  Board  shall  have  power  at  any  and  all  times  to  inquire 

172  into  the  identity  of  any  person  claiming  to  be  a  licensed  Civil  Engineer, 
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173  and,  after  due  service  of  notice  in  writing,  require  him  to  prove,  to  the 

174  satisfaction   of  said  Board,  that  he  is  the  person  licensed  to  practice 

175  Civil  Engineering  under  the  license  hy  virtue  of  which  he  claims  the 
17(j  privilege  of  this  Act.  When  tlie  13oard  finds  that  a  person  claiming  to  be 

177  a  Civil  Engineer,  licensed  under  this  Act,  is  not  in  fact  the  person  to 

178  whom  the  license  was  issued,  the  findings  of  the  Board  shall  be  reduced 

179  to  writing  and  shall  be  filed  in  the  oflice  of  the  Board.     Said  certificate 

180  shall  he  prima  Jade  evidence  tliat  the  person  mentioned  therein  is  falsely 

181  impersonating  a  jiractitioner  or  a  former  practitioner  of  alike  or  different 

182  name. 

183  The  Board  may  revoke  the  license   of  a  practitioner  and  annul  his 

184  registration,  if  said  practitioner  has  been  guilty  of  any  fraud  or  deceit  in 

185  his  practice,    or  has  been  gviilty  of  any  fraud  or  deceit  by  which  he 

186  was  granted  a  license  to  practice,  or  has  been  convicted  of  crime. 

187  Wlien  charges  are  preferred,  the  Board  shall  designate  six  (6)  of  its 

188  number,  as  a  committee,  to  hear  and  determine  said  charges.     A  time 

189  and  place  for  the  liearing  shall  be  fixed  by  the  said  committee  as  soon  as 

190  convenient,  and  a  copy  of  the  charges,  together  with  a  notice  of  the  time 

191  and  place  when  they  will  be  heard  and  determined,  shall  be  served  upon 

192  the  accused  or  his  counsel  at  least  ten  (10)  days  before  the  date  actually 

193  fixed  for  said  hearing.    Where  personal  service,  or  service  upon  counsel, 

194  cannot  be  effected,  and  such  fact  is  certified  on  oath  by  any  person  duly 

195  authorized  to  make  legal  service,  the  Board  shall  cause  to  be  published 

196  for  at  least  seven  (7)  times,  for  at  least  twenty  (20)  days  prior  to  the 

197  hearing,  in  two  daily  papers   in  the  section  of  the   State  in  which  the 

198  accused    was   last  known    to  practice,  a  notice  to  the  effect  that  at  a 

199  definite  time  and  place  a  hearing  will  be  had  on  the  charges  against  the 

200  accused  upon  an  application  to  revoke  his  license.     At  said  hearing  the 

201  accused  shall  have  the  right  to  cross-examine  witnesses  and  to  produce 

202  witnesses    in    his    defence,   and    to   appear    personally   or   by   counsel. 

203  The  said   committee  shall   make   a  written   report  of  its  findings  and 

204  recommendations,  and  the  same   shall  be   submitted   forthwith  to  the 

205  Board.     If  the  said  committee   shall  by  a  two-thirds  vote  recommend 

206  that  the  license  of  the  accused  be  revoked  and  his  registration  annulled, 

207  the  Board  may  thereupon,  in  its  discretion,  revoke    said   license   and 

208  annul  said  registration.     If  the  Board  shall  revoke  said  license,  its  action 

209  shall  be  recorded  in   the  same    manner  as  licenses  are  registered,  and 
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21(1  the  nanio    of  tlie   accusod   shall  bo  stricken    from  the  list  of  Licensed 
'211  Civil  Engineers. 

212        SECTION      12.  —  Certificate      Presumptive     Evidence.  — 
21:5  Unauthorized    Registration    and    License    Prohibited. — Every 

214  unrevoked  certificate  and  endorsement  of  registry,  made  as  provided  in 

215  this  Act,  shall  be  presumptive  evidence  in  all  courts  and  places  that  the 
21(5  person  named  therein  is  legally  registered. 

217  No  diploma  or   license    conferred   on   a  person,   other  than   by  the 

218  Board,  or  its  Secretary,  shall  be  lawful  authority  for  the  practice  of  Civil 
21il  Engineering  within  the  meaning  of  this  Act. 

220  SECTION  13. — Penalties  and  Their  Collection. — Any  person 

221  who,  not  being  then  lawfully  authorized  to  practice  Civil  Engineering 

222  within  this  State  according  to  the  provisions  of  this  Act,  shall  attempt  to 

223  practice,    or    shall    so    practice,    and    any    such    person   who   shall,   in 

224  connection  with   his    name,   use    any   designation    tending   to  imply  or 

225  designate  him  as  a  practitioner  of  Civil  Engineering  within  the  meaning 

226  of  this  Act,  and  any  person  who  shall  have  violated  the  provisions  of 

227  this   Act,    shall    be    deemed   guilty    of    a    misdemeanor.      Any   person 

228  presenting,  or  attempting  to  file  as  his  own,  the  license  of  another,  or 

229  who  shall  give  either  false  or  forged  evidence  of  any  kind  to  the  Board, 
2.30  or  to   any   member   thereof,    in    connection   with   an    application  for  a 

231  license    to    practice    Civil    Engineering,    or    who    shall    practice    Civil 

232  Engineering   under   a   false    or   assumed    name,    or   who    shall    falsely 

233  personate  another  practitioner  of  a  like  or  different  name,  shall  for  each 

234  offense  be  punished  by  a  fine  of  not  less  than  SlOO  nor  more  than  SoOO, 

235  or  by  imprisonment   for  three    (3)  months,  or  Ity  both    such    fine  and 
231")  ini]irisonment. 

2;;"         SP:('TI0N  14. — This  Act  shall  not  apply  to  engineers  working  for 
23.S  the   United   States  Government ;  nor  to  any  engineer  employed  as  an 

230  assistant  to  an  engineer  licensed  to  practice  Civil  Engineering  in  the  State 

240  of ;  nor  to  any    engineer  coming  from   another  State  and 

241  employed    by    the    State    or   any   municipality,    corporation,     firm,    or 

242  individual  therein,  until  a   sufficient  time  shall  have  elapsed  to  permit 

243  the  licensing  of  such  person. 

244  SECTION  15.— This  Act  shall  take  effect  on  the  first  <lay  of  May, 

245  19— 
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LOCAL  ASSOCIATIONS  OF  MEMBERS  OF  THE  AMERICAN 
SOCIETY  OF  CIVIL  ENGINEERS 

San  Francisco  Association 

The  San  Francisco  iVssociation  of  Members  of  the  American  Society 
of  Civil  Engineers  holds  regular  bi-monthly  meetings,  with  banquet, 
and  weekly  informal  luncheons.  The  former  are  held  at  6  p.  M.,  at  the 
Palace  Hotel,  on  the  third  Friday  of  February,  April,  June,  August, 
October,  November,  and  December,  the  last  being  the  Annual  Meeting 
of  the  Association. 

Informal  luncheons  are  held  at  12.15  p.  m.  every  Wednesday,  and 
the  place  of  meeting  may  be  ascertained  by  communicating  with  the 
Secretary  of  the  Association,  E.  T.  Thurston,  Jr.,  Assoc.  M.  Am.  Soc. 
C.  E.,  713  Mechanics'  Institute,  57  Post  Street. 

The  by-laws  of  the  Association  provide  for  the  extension  of  hospi- 
tality to  any  members  of  the  Society  who  may  be  temporarily  in  San 
Francisco,  and  any  such  member  will  be  gladly  welcomed  as  a  guest 
of  the  Association  at  any  of  the  above  meetings,  if  he  will  notify  the 
Secretary  that  he  is  in  San  Francisco. 

Colorado  Association 

The  meetings  of  the  Colorado  Association  of  Members  of  the 
American  Society  of  Civil  Engineers  are  held  on  the  second  Saturday 
of  each  month  except  July  and  August.  The  hour  and  place  of 
meeting  are  not  fixed,  but  this  information  will  be  furnished  on 
application  to  the  Secretary,  H.  J.  Burt,  M.  Am.  Soc.  C.  E.,  1218  First 
National  Bank  Building,  Denver,  Colo.  The  meetings  are  usually 
preceded  by  an  informal  dinner. 

Weekly  luncheons  are  held  on  Wednesdays,  and  until  further  notice, 
will  take  place  at  The  Colorado  Traffic  Club. 

Visiting  members  are  urged  to  attend  the  meetings  and  luncheons. 

(Abstract   of  Minutes   of   Meeting) 

December  loth,  1910. — The  meeting  was  called  to  order  at 
8.15  p.  M.;  President  Anderson  in  the  chair;  H.  J.  Burt,  Secretary; 
and  present,  also,  32  members  and  17  guests. 

The  minutes  of  the  November  meeting  were  read  and  approved. 

Charles  W.  Comstock,  M.  Am.  Soc.  C.  E.,  presented  a  paper  on 
"The  Principles  Involved  in  the  Design  of  Earth  Dams,"  and  the 
subject  was  discussed  by  a  number  of  those  present. 

The  Committee  on  Legislation  presented  a  final  draft  of  the  Bill 
for  Licensing  Civil  Engineers,  and,  on  motion,  was  authorized  to 
present  this  bill  to  the  Legislature. 

On  motion  it  was  ordered  that  the  bill  be  printed  and  distributed 
among  the  members  after  it  shall  have  been  approved  by  the  Committee 
on  Licensing  Civil  Engineers  of  the  American  Society  of  Civil 
Engineers. 

Adjourned. 
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PRIVILEGES  OF  ENQINEERINO  SOCIETIES 

EXTENDED  TO  MEMBERS  OF  THE 
AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS 

Members  of  tlie  American  Society  of  Civil  Engineers  will  be  wel- 
comed by  the  following  Engineering  Societies,  both  to  the  use  of  their 
Keading  Rooms  and  at  all  Meetings: 

American  Institute  of  Mining  Engineers,  29  West  Thirty-ninth  Street, 

New  York  City. 
Architekten-Verein    zu    Berlin,  Wilhelmstrasse  92,  Berlin  W.  66, 

(Jerniany. 
Associacao  dos  Engenheiros   Civis  Portuguezes,  Lisbon,  Portugal. 
Australasian    Institute  of  Mining  Engineers,  Melbourne,  Victoria, 

Australia. 
Boston  Society  of  Civil  Engineers,    715   Tremont  Temple,  Boston, 

Mass. 
Brooklyn    Engineers'  Club,  117  Remsen  Street,  Brooklyn,  N.  Y. 
Canadian    Society  of  Civil  Engineers,  413  Dorchester  Street,  West, 

Montreal,  Que.,  Canada. 
Civil   Engineers'  Society  of  St.  Paul,  St.  Paul,  Minn. 
Cleveland  Engineering  Society,  718   Caxton   Building,   Cleveland, 

Ohio. 
Cleveland  Institute  of  Engineers,  Middlesbrough,  England. 
Colorado  Association  of  Members,  Am.  Soc.  C.  E.,   H.   J.   Burt, 

Secy.,  1'21.S  First  National  Bank  Building,  Denver,  Colo. 
Engineers'  and  Architects'  Club   of   Louisville,  Ky.,    303   Norton 

Building,  Fourtli  and  Jefferson  Streets,  Louisville,  Ky. 
Engineers'  Club  of  Baltimore,  Baltimore,  Md. 
Engineers'  Club  of  Minneapolis,  17  South  Sixth  Street,  Minneapolis, 

Minn. 
Engineers'  Club  of  Philadelphia,  1317  Spruce  Street,  Philadelphia,  Pa. 
Engineers'  Club  of  St.  Louis,  3817  Olive  Street,  St.  Louis,  Mo. 
Engineers'  Club  of  Toronto,  96  King  Street,  West,  Toronto,   Ont., 

Canada. 
Engineers'  Society  of  Pennsylvania,  219  Market  Street,  Harrisburg, 

Pa. 
Engineers'  Society  of  Western  Pennsylvania,  2511  Oliver  Building, 

Pittsburg,  Pa. 
Institute  of  Marine  Engineers,  58  Romford  Road,   Stratford,  Lon- 
don, E.,  England. 
Institution   of    Engineers  of  the  River  Plate,   Buenos    Aires,   Ar- 
gentine Republic. 
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Institution    of    Naval    Architects,     5     Adelphi    Terrace,    London, 

W.  C,  England. 
Junior  Institution  of  Engineers,   39  Victoria  Street,  Westminster, 

S.  W.,  London,  England. 
Koninl(lijl<    Instituut  van  Ingenieurs,  The  Hague,  The  Netherlands. 
Louisiana  Engineering  Society,  321  Ilibernia  Bank  Building,  New 

Orleans,  La. 
Memphis  Engineering  Society,  Memphis,  Tenn. 
Midland  Institute   of    Mining,    Civil    and    Mechanical    Engineers, 

Sheffield,  England. 
Montana  Society  of  Engineers,  Butte,  Montana. 
North  of   England   Institute  of  Mining  and  Mechanical  Engineers, 

Newcastle-upon-Tyne,  England. 
Oesterreichischer     Ingenieur-    und     Architekten=Verein,    Eschen- 

bachgasse  9,  Vienna,  Austria. 
Pacific  Northwest  Society  of  Engineers,  803  Central  Building,  Seat- 
tle, Wash. 
Rochester  Engineering  Society,  Kochester,  N.  Y. 
Sachsischer  lngenieur=  und  Architekten=Verein,  Dresden,  Germany, 
Sociedad  Colombiana  de  Ingenieros,  Bogota,  Colombia. 
Sociedad  de  Ingenieros  del  Peru,  Lima,  Peru. 
Societe  des    Ingenieurs   Civils  de  France,  19   Rue    Blanche,  Paris, 

France. 
Society  of    Engineers,    17    Victoria    Street,    Westminster,    S.    W., 

London,  England. 
Svenska     Teknologforeningen,    Brunkebergstorg     18,     Stockholm, 

Sweden. 
Tekniske  Forening,  Vestre  Boulevard  18-1,  Copenhagen,  Denmark. 
Western  Society  of  Engineers,  1737  Monadnock  Block,  Chicago,  111. 

SEARCHES  IN  THE  LIBRARY 

In  January,  1902,  the  Secretaiy  was  authorized  to  make  searches 
in  the  Library,  upon  request,  and  to  charge  therefor  the  actual  cost  to 
the  Society  for  the  extra  work  required.  Since  that  time  many  searches 
have  been  made,  and  bibliographies  and  other  information  on  special 
subjects  furnished. 

The  resulting  satisfaction,  to  the  members,  who  have  made  use  of 
the  resources  of  the  Society  in  this  manner,  has  been  expressed  fre- 
quently, and  leaves  little  doubt  that,  if  it  were  generally  known  to  the 
membership  that  such  work  would  be  undertaken,  many  would  avail 
themselves  of  it. 

The  cost  is  trifling  compared  with  the  value  of  the  time  of  an 
engineer  who  looks  up  such  matters  himself,  and  the  work   can  be 
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performed  quite  as  well,  and  much  more  quickly,  by  persons  familiar 
with  the  Library. 

In  asking  that  such  work  be  undertaken,  members  should  specify 
clearly  the  subject  to  be  covered,  and  whether  references  to  general 
books  only  are  desired,  or  whether  a  complete  bibliography,  involving 
search  through  periodical  literature,  is  desired. 

In  reference  to  this  work,  the  Appendices*  to  the  Annual  Keports 
of  the  Board  of  Direction  for  the  years  ending  December  31st,  1906, 
and  December  31st,  1910,  contain  summaries  of  all  searches  made 
to  date. 

PAPERS  AND  DISCUSSIONS 

Members  and  others  who  take  part  in  the  oral  discussion  of  the 
papers  presented  are  urged  to  revise  their  remarks  promptly.  Written 
communications  from  those  who  cannot  attend  the  meetings  should  be 
sent  in  at  the  earliest  possible  date  after  the  issue  of  a  paper  in 
Proceedings.  The  issue  of  volumes  of  Transactions  is  dependent  on 
the  closing  of  discussions,  and  the  co-operation  of  the  membership  in 
this  matter  is  essential  to  the  regular  issue  of  each  quarterly  volume. 

All  papers  accepted  by  the  Publication  Committee  are  classified 
by  the  Committee  with  respect  to  their  availability  for  discussion  at 
meetings. 

Papers  which,  from  their  general  nature,  appear  to  be  of  a  charac- 
ter suitable  for  oral  discussion,  will  be  published  as  heretofore  in 
Proceedings,  and  set  down  for  presentation  to  a  future  meeting  of  the 
Society,  and,  on  these,  oral  discussions,  as  well  as  written  communica- 
tions, will  be  solicited. 

All  papers  which  do  not  come  under  this  heading,  that  is  to  say, 
those  which,  from  their  mathematical  or  technical  nature,  in  the 
opinion  of  the  Committee,  are  not  adapted  to  oral  discussion,  will  not 
be  scheduled  for  presentation  to  any  meeting.  Such  papers  will  be 
published  in  Proceedings  in  the  same  manner  as  those  which  are  to 
be  presented  at  meetings,  but  written  discussions,  only,  will  be  re- 
quested for  subsequent  publication  in  Proceedings  and  with  the  paper 
in  the  volumes  of  Transactions. 

SUBSCRIPTION  PRICE  TO  THE  PUBLICATIONS  OF  THE  SOCIETY 

The  following  subscription  rates  have  been  fixed  by  the  Board  of 
Direction  for  the  publications  of  the  Society: 

Proceedings,  ten  Numbers  per  annum,  $8.  Price  for  single 
numbers,  $1. 

Transactions,  four  Volumes  per  annum,  $12.  Price  for  single 
volumes,  $4. 

*Proceedings,  Vol.  XXXIII,  p.  20  (.Tanuary,  1907);  Vol.  XXXVn,  p.  28  (January,  19tl). 
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On  the  above  prices  there  is  a  discount  of  25%  to  members  who 
desire  extra  copies  of  any  of  these  publications,  to  Libraries,  and  to 
Book-dealers. 

There  is  also  an  additional  charge  per  annum,  to  cover  foreign 
postage,  of  75  cents  for  Proceedings  and  $1  for  Transactions,  or  8  cents 
and  25  cents,  respectively,  for  single  numbers. 

A  special  subscription  rate  has  been  fixed  by  the  Board  for  the 
Proceedings  of  the  Society  for  the  benefit  of  Students  in  Technical 
Schools.  This  rate  is  $4.50  per  annum,  and  is  available  to  any  hona 
fide  student  of  any  technical  school. 
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^\NNUAL   REPORT   OF   THE   BOARD   OF   DIRECTION   FOR 
THE  YEAR  ENDING  DECEMBER  31st,  1910. 

In  compliance  with  the  Constitution,  the  Board  o£  Direction  pre- 
sents its  report  for  the  year  endincr  December  31st,  1910. 

MEMBERSHIP. 

The  changes  in  membership  are  shown  In  the  following  table : 


Jan.  1st,  1910. 

Jan.  1st,  1911. 

Losses. 

Addi- 
tions. 

Totals. 

Grade. 

a 
1 

a 

2 
"S 

1 

8 

2 

2  567 

1  829; 

164 

701 

21 

5  292 

1 

a 

4) 

"2 

a 
0 

■3 

8 
2 

2  767 
2  0H4 

no 

745 
21 

"a 

a 

H 

d 
0 

"S 
a 
be 
"Si 

« 

% 

f 

c 

CO 

a 

g 
Eh 

§ 

3 

i 

3 

0 

Honorary  Members 

8 

"597 

454 

78 

153 

6 

8 

2 

2  170 

1  630 

92 

592 

15 

Corresponding  Members. . 

Members 

564  2  003 

430  1  399 

71        93 

151      550 

6       15 

108 

1       5 

114 

4 
fi 
1 
6 

3 

<( 

1 

22 

i| 
3 
5 

*111 

+11'^ 
J4 

131 

S2T5| 
S12 
191 

42 
132 

10 
147 

'>^9 

As.sociate  Members 

Associates 

387 
16 

Juniors 

191 

Fellows 

227 

17 

85 

52 

227 

8.S1 

Total 

1  222  4  070 

1  288 

4  509 

5  797 

609 

886 

*  108  Associate  Members,  1  Associate,  and  2  Juniors. 

+  4  Associates  and  108  Juniors. 

X  4  Juniors. 

§  2  Reinstatements. 

This  table  shows  that  the  net  increase  during  the  year  was  505. 

In  the  last  Annual  Report  statistics  of  the  yearly  growth  of  the 
Society  for  39  years  were  given.  It  seems,  therefore,  necessary  only 
to  call  attention  to  the  fact  that,  while  1910  has  shown  the  largest 
yearly  increase  in  membership,  that  increase  is  not  abnormal,  the 
average  yearly  increase  for  the  past  4  years  having  been  470. 

The  number  of  applications  received  during  1910  was  955:  706  for 
admission,  and  249  for  transfer. 

The  losses  by  death  reported  during  the  year  number  52,  and  are 
as  follows: 

Members  (35)  :  James  Archbald,  John  Fiske  Barnard,  Henry  Purdon 
Bell,  William  Foster  Biddle,  Linus  Weed  Brown,  William  Robert 
Browne,  Clifford  Buxton,  Octave  Chanute,  George  Earl  Church,  Edwin 
Peleg  Dawley,  Camille  Stanislaus  d'Invilliers,  John  Hall  Emigh,  Joseph 
Palmer  Frizell,  Charles  Edward  Goad,  Henry  Harding,  Charles  Alfred 
Hasbrouck,  Henry  Cyprian  Humphrey,  William  Jackson,  Washington 
Jones,  Edward  Cornelius  Kinney,  William  Storrs  MacHarg,  John 
Edwards  ]\[cTvay,  John  Jay  ]\IcVean,  Henry  Herman  Marden,  Jr., 
Samuel  R.  Probasco,  Stillman  Williams  Robinson,  Samuel  McMath 
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Rowe,  John  Henderson  Sample,  Albert  Mather  Smith,  Archibald 
Alexander  Sproul,  William  Wright  Starr,  George  Huntington 
Thomson,  Jacobus  Van  der  Hoek,  William  Parsons  Watson,  Henry 
Donald  Whiteomb. 

Associate  Members  (9)  :  John  Joseph  Horan,  Roger  Brooke  Irwin, 
Vardry  Echols  McBee,  Jr.,  William  Meier,  Clinton  Leroy  Richardson, 
Ralph  Carroll  Soper,  Norman  Alfred  Taylor,  Frank  Wallace  Webster, 
George  Shreve  Wilkins. 

Associates  (3) :  Silas  Gildersleeve  Comfort,  Julius  I.  Livingston, 
James  Roosevelt  Shanley. 

Juniors  (5)  :  Earl  Edwin  Erdmann,  Luther  Elman  Johnson,  Harold 
Lord,  Arthur  Keddie  Macfarlane,  George  Higgins  Myers. 

LIBRARY. 

The  total  contents  of  the  Library,   and  the  increase  during  the 

year,  are  shown  in  the  following  statement: 

Total  Increase 

Contents.  during  1910. 

Bound  volumes 19  553  960 

Unbound  volumes 37  985  1  742 

Specifications 6  769  97 

Maps,  photographs  and  drawings.  ..  .     4  313  70 

Total    68  620  2  869 

Of  these  accessions,  744  were  donations  received  in  answer  to  special 
requests;  81  were  donations  from  publishers;  1898  were  donations 
received  in  regular  course,  and  146  were  purchased. 

The  value  of  accessions  to  the  Library  during  the  year  is  as 
follows,  each  accession  having  been  valued  separately  as  received: 

2  723  Donations     and     exchanges      (estimated 

value)    $2 103.43 

146  Volumes  purchased    (cost) 443.88 

Binding  381  volumes 445.59 

Total    $2  992.90 

The  following  amounts  have  been  expended  upon  the  Library  dur- 
ing the  year: 

Purchases,  subscription,  and  binding $889.47 

Fixtures,  supplies,  and  sundries 237.95 

Total    $1 127.42 

The  number  of  titles  in  the  Library  is  24  906. 

The  total  attendance  in  the  Reading  Room  and  Library  during  the 
year  was  3  994. 
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During  the  year  66  new  bibliographies  (containing  2  138  separate 
references)  have  been  made,  copies  of  18  searches  made  in  previous 
years  have  been  furnished,  6  of  these  having  been  brought  up  to  date. 
The  total  cost  of  this  work,  $442.39,  has  been  charged  to  those  for 
whom   it  was  undertaken. 

A  classified  list  of  the  229  searches  which  had  been  made  to  that 
date  was  published  as  an  Appendix  to  the  Annual  Report  for  1906,  and 
in  order  to  bring  that  list  up  to  date  there  is  appended  to  this  report, 
a  similar  list  of  the  278  searches  made  during  the  past  four  years 
(1907-1910). 

PUBLICATIONS. 

During  the  year,  ten  numbers  of  Proceedings  have  been  issued 
regularly,  and  four  volumes  of  Transactions. 

In  Proceedings  the  list  of  references  to  current  engineering  litera- 
ture has  been  continued,  and  has  covered  110  pages  and  contained 
4  350  classified  references  to  100  periodicals. 

The  stock  of  the  various  publications  of  the  Society,  kept  on  hand 
for  the  convenience  of  members  and  others,  now  amounts  to  152  274 
copies,  the  cost  of  which  to  the  Society,  for  paper  and  presswork  only, 
has  been  $21  215.51. 

During  the  year,  13  890  volumes  of  Transactions  have  been  bound 
for  members  and  others  in  the  standard  half-morocco  and  cloth 
bindings. 

Summary  oi'  Publications  for  1910. 

Issues. 

Transactions  (volumes) 4 

Proceedings  (monthly  numbers)...   10 
Constitution  and  List  of  Members.      1 


Average 
Edition. 

Total 
Pages. 

Plates. 

Cuts. 

6  100 

2  160 

173 

309 

6  000 

2  378 

210 

308 

6  500 

404 

1 

Totals 15  4  942         383        618 

The  cost  of  publications  has  been : 

For  Paper,  Printing,  etc..  Transactions  and  Proceedings...  $27  558.98 

For  Plates  and  Cuts 4  440.89 

For  Boxes,  Mailing  Lists,  Copyright,  and  Sundry  Expenses.  1  097.00 

For  11  750  Extra  Copies  of  Papers  and  Memoirs 1  303.24 

For  List  of  Members 1  962.12 


Total    $36  362.23 

Deduct  amount  received  from  sale  of  publications 4  583.54 


Net  cost  of  publications  for  1910 $31  778.69 

It   was    originally   the   intention   to   publish    the    series    of   papers 
descriptive  of  the  Pennsylvania  Terminal  Work  in  New  York  City 
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as  the  third  of  the  quarterly  volumes  of  Transactions  for  1910.  It  was 
found,  however,  that  collectively  these  papers  could  not  be  printed  in 
one  volume,  and  the  plan  was  to  issue  an  extra  volume,  making 
five  volumes  for  1910.  Unfortunately,  the  author  of  the  last  of  this 
series  of  papers  has  been  unable  to  complete  it,  and  so  the  first  of  these 
volumes  (ISTo.  68)  has  been  issued,  and  the  publication  of  the  second 
(No.  69)  will  have  to  be  deferred  until  that  paper  is  finished. 

The  large  cost  of  Publications  is,  in  part,  accounted  for  by  the 
fact  that  nearly  half  of  Volume  69  has  gone  through  the  press,  and, 
in  part,  by  the  many  illustrations  needed  in  the  description  of  the 
Pennsylvania  Terminal   work. 

MEETINGS. 

During  the  year  25  meetings  have  been  held  as  follows:  At  the 
Annual  Meeting,  2;  at  the  Annual  Convention,  5;  and  18  other  meet- 
ing's held  at  the  Society  House. 

At  these  meetings  there  were  presented  29  formal  papers,  13  of 
which  were  illustrated  with  lantern  slides.  There  were  also  7  papers 
published  in  Proceedings  which  were  not  presented  for  discussion  at 
any  meeting  of  the  Society.  The  number  of  members  and  others 
who  took  part  in  the  preparation  or  discussion  of  these  papers  was  177. 

The  Forty-second  Annual  Convention  was  held  at  Chicago,  111. 

The  total  attendance  at  the  25  meetings  held  was  about  2  700. 
The  registered  attendance  at  the  Annual  Meeting  was  827,  and  at  the 
Annual  Convention  315  (includes  members  only),  but  there  were  many 
members  and  guests  present  at  all  these  meetings  who  failed  to 
register. 

MEDALS  AND  PRIZES. 

For  the  year  ending  with  the  month  of  July,  1909,  prizes  were 
awarded  as  follows : 

The  Norman  Medal  to  J.  A.  L.  Waddell,  M.  Am.  Soc.  C.  E.,  for 
his  paper  entitled  "Nickel  Steel  for  Bridges." 

The  Thomas  Fitch  Eowland  Prize  to  W.  J.  Wilgus,  M.  Am.  Soc. 
C.  E.,  for  his  paper  entitled  "The  Electrification  of  the  Suburban 
Zone  of  the  New  York  Central  and  Hudson  River  Railroad  in  the 
Vicinity  of  New  York  City." 

The  Collingwood  Prize  for  Juniors  to  H.  L.  Wiley,  Jun.  Am. 
Soc.  C.  E.,  for  his  paper  entitled  "The  Sinking  of  the  Piers  for  the 
Grand  Trunk  Pacific  Bridge,  at  Fort  William,  Ontario,  Canada." 

FINANCES. 

During  the  year  $10  000  was  paid  on  the  principal  of  the  Mortgage 
on  the  Society  Property,  reducing  this  debt  to  $135  000.  A  Reserve 
Fund  has  also  been  established  and  $17  000  invested  in  non-taxable 
bonds   of   the   City   of   New   York.      The   interest   received   from   this 
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fund  is  somewhat  greater  than  that  paid  on  the  mortgage  debt,  and 
at  the  same  time  a  fund  is  provided  which  may  be  drawn  upon  in 
case  of  necessity,  or  used  to  extinguish  said  mortgage  debt  at  maturity, 
or,  if  deemed  desirable,  before  that  date.  The  Board  has  ordered 
that  $10  OOU  be  paid  on  the  principal  of  the  mortgage  early  in  1911, 
and  that  $20  000  be  added  to  the  Reserve  Fund. 

The  attention  of  members  is  invited  to  the  Secretary's  statement 
of  receipts  and  disbursements,  and  to  the  general  balance  sheet  which 
accompanies  it,  in  which  the  financial  condition  of  the  Society 
is  shown. 

The  reports  of  the  Secretary  and  Treasurer  are  appended. 
By  order  of  the  Board  of  Direction, 

Chas.  Warren  Hunt, 

Secretary. 

January  3d,  1911. 
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REPOET  or  THE  SECRETARY  EOR  THE 

To   THE    BOABD    OF    DlRECTIOX    OF    THE 

Ge>tlemex  : — I  have  the  honor  to  present  a  statement  of  Receipts 
31st,  1910.     I  also  append  a  general  balance  sheet  showing  the  condition 


Receipts. 
Balance  on  hand  December  31st,  1909,  in  Bank,   Trust 

Company,  and  in  hands  of  Treasurer $44  668.67 

Entrance  Pees $15  140.00 

Current  Dues   63  003.55 

Past  Dues 2  437.91 

Advance  Dues 25  455. 12 

Compoiinding  Dues  250.00 

Certificates  of  Membership 681.25 

Badges    2  902.75 

Sales  of  Publications 4  553.54 

Library    341.15 

Annual  Meeting 1  265.25 

Binding 11  993.38 

Interest  1  292.S9 

Miscellaneous    332.11 

129  705.90 


$174  377.57 
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YEAK  EXDIXG  DECEMBER  31st,  1910. 

American"  Society  of  Ciml  Exgixeees. 

and  Disbursements  for  the  fiscal  year  of  the  Society,  ending  December 
of  the  affairs  of  the  Society. 

Eesx)ectfuUy  submitted, 

Chas.  Warrex  Hu>t, 

Secretary. 
Disbursemexts  . 

Salaries  of  Officers $12  SOO.OO 

Mileage  of  Directors 1  0i<ia4 

Clerical    Help 15  015.33 

Caretaking   1  7S0.26 

Publications 36  362.23 

Postage   7  9S5.17 

General  Printing  and  Stationery 3  412.97 

Library    859.47 

Library  Maintenance 237.95 

Badges    1 725.50 

Certificates  of  Membership 450.40 

Binding 7  341.11 

Prizes 169.10 

Convention 6S3.52 

Annual  Meeting 2  164.96 

Maintenance  of  House 72.72 

Heat,  Light  and  Water 1  305.79 

Furniture   494.40 

Work  of  Committees 352.67 

Interest  and  Insurance 6  015.55 

Bond  and  Mortgage  (Payment  on  Principal)  .  .  10  000.00 

Current  Business 1  237.4S 

Petty    Expenses 212.24 

Members'   Accounts 130.58 

Herbert  Stewart  Library  Fimd 1  997.50 

Joseph  G.  Swift  Library  Fund 998.75 

Reserve  Fund 16  975.75 

$131854-74 

Balance  on  hand,  December  31st,  1910 : 

In  TTnion  Trust  Company $19  422.75 

In  Garfield  National  Bank 21  570.08 

In  hands  of  Treasurer 1  500.00 

42  492.53 

$174  377.57 
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EEPORT  OF  THE  TREASUEER 

In  compliance  with  the  provisions  of  the  Constitution,  I  have  the 
honor  to  present  the  following  report  for  the  year  ending  December 
31st,  1910: 

Balance  on  hand  December  31st,  1909 $44  668.67 

Receipts  from  current  sources,  January  1st  to  December 

31st,  1910 129  708.90 

Payment    of    Audited    Vouchers    for    Current 

Business,   January   1st  to  December  31st, 

1910   $101  909.74 

Payment  on  principal  of  bond  and  mortgage.  .     10  000.00 
Purchase   of  bonds,   Herbert    Stewart   Library 

Fund    1  997.50 

Purchase    of   bond,    Joseph    G.    Swift   Library 

Fund    998.75 

Purchase  of  bonds,  Reserve  Fund 16  978.75 

Balance  on  hand  December  31st,  1910 : 

In  Union  Trust  Company $19  422.75 

In  Garfield  National  Bank 21  570.08 

In  hands  of  the  Treasurer 1  500.00 

42  492.83 

$174  377.57    $174  377.57 

Respectfully  submitted, 

Jos.    M.    Knap, 
Treasurer,   Am.    Soc.    C.    E. 
New  York,  January  3d,  1911. 
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APPENDIX 

TO  ACCOMPANY  ANNUAL  EEPORT  OF 

THE   BOARD   OF  DIRECTION. 


Classified  List  of  Subjects  of  Library  Searches: 
January,    1907,   to   December,    1910. 


Note:  To  Members  the  cost  of  copies  of  these  searches  is 
50%   of  the   cost  given. 


No. 

Cost. 

No.  of 
Ref. 

297 

$3.15 

16 

BRIDGES 

Ohio    River    Bridges    Between    Pittsburg     and     Ironton      (1907 

Complete). 
298  3.15  8     Concrete    Filled    Steel    Shell    Caissons    for    Bridge    Piers    (1907 

Partial). 
309  6.75        50     Evolution  of  Bridge   Engineering  and  History  of  Bridge   Build- 

ing (1907  Complete). 
Aesthetics  of  Bridge  Design    (1907   Complete). 
Aerial    Ferries    (1907    Complete). 
Combined    Railway,    Highway,    Street    Railway    and    Pedestrian 

Bridges   in   America    (1907   Partial). 
Impact    on    Bridges    (1907    Partial). 
Deflection   of  Bridges  under  Loads    (1907   Complete). 
Bridge  Failures  and  Their  Lessons    (1907   Partial). 
Borings   foi-   Bridge   Foundations    (1907    Partial). 
Location    of    Bridges    (1907    Partial). 

Determination  of  Waterways  for  Culverts    (1907   Partial). 
Live   Loads    and    Specifications   for    Steel   Highway    Bridges    and 

Electric    Railway    Bridges    (1907    Partial). 
Rockville  Stone  Arch   Bridge    (1907   Partial). 
Open    Caissons    for   Bridge   Pier    and    other    Foundations    (1908 

Partial). 
Weights   of    Steel    Railroad    Bridges    (1908    Partial). 
Cantilever    Bridges     (1908    Partial). 
Economic    Design    and    Proportion    of    Steel    Railroad    Bridges 

(1908    Partial). 
Bridge  Floors    (1908    Partial). 

Viaduct  from   Hoboken  to   Jersey   City   Heights    (1909   Partial). 
The   Thebes    Bridge    (1909    Partial). 
The   Memphis   Bridge    (1909    Partial). 
Cairo   Bridge    (1909    Partial). 
Bridge    at    Louisville,    Kentucky,    over    the    Ohio    River     (1909 

Partial). 
513  2.00  2      Illustrations    of    Bridges    over    the    Royal    Gorge    and    Apache 

Canon,  and  of  Rio  Santa  Railroad  in  Peru    (1910  Partial). 

525  3.40        25     Reinforced     Concrete    Arches    Constructed    before    1905     (1910 

Partial). 

526  2.60        10      Concrete    Arch    Bridges,    Reinforced    Transversely    and    Longi- 

tudinally   with    Round    Rods     Near    the     Intrados     (1910 
Partial). 

ELECTRICAL 

Reinforced  Concrete  Posts  and  Telegraph  Poles  1903-07    (1907 

Partial). 
Electrical     Conduits — Plans     and     Municipal     Ownership     (1908 

Partial). 
Costs    of    Laying    Underground    Conduits    for    Use    of    Electric 

Light,   Power,    Telephone   and   Telegraph    Wires   in   Various 

Cities    in   the   Last   Ten   Years    (1908   Partial). 
Appraisal     of     Telephone     and     Telegraph     Companies      (1910 

Partial). 
Reinforced    Concrete    Poles    (1910    Partial). 


310 

3.25 

19 

311 

3.15 

26 

316 

9.45 

19 

318 

4.40 

11 

319 

10.00 

42 

323 

13.30 

83 

324 

4.75 

16 

325 

1.70 

6 

326 

2.25 

13 

329 

20.00 

122 

331 

.75 

3 

343 

10.15 

56 

358 

1.50 

9 

375 

4.05 

17 

385 

2.80 

14 

386 

2.70 

23 

421 

1.80 

2 

425 

.60 

5 

426 

.50 

4 

427 

.50 

4 

438 

.70 

2 

322 

2.35 

19 

352 

5.85 

45 

371 

11.05 

25 

507 

2.75 

15 

528 

3.50 

36 

314 

4.00 

24 

332 

.75 

3 

378 

4.30 

32 
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M.\RINE 

No.  of 
No.         Cost.       Ref. 

289      $14.20      289      Dry  Docks    (1907  Complete). 
3G1  1.25        17      Screw  Propellers    (1908  Partial). 

429  2.25        18      Brooklyn    Dry    Docks    (1909    Partial). 

461  5.00       11     Concrete  Barges   (1909  Partial). 

MECHANICAL 

287  1.00        16     Use   of   Cooling   Towers   in   Connection    with    Steam    Condensing 

Plants    (1907   Partial). 
302  4.75       22     Manufacture  of  Illuminating  Gas  in  Boston  and  New  York  (1907 

Complete) . 
Distilling    Water   for   Use    in    Boilers    (1907    Complete). 
Koppers  Coke  Oven    (1907   Partial). 

Reinforced    Concrete    Coaling    Stations    and    Coal    Storage    Bins 
1900-07    (1908    Complete). 
387  3.50        15      Cost    of    Operatins:   Modern    Cold    Storage    Buildings    and    Plants 

(lt)08    Partial). 
406         4.85       17     Pneumatic   Conveyors    (1909   Partial). 

METALLURGICAL 

272  4.50        60     Reduction    of    Bauxite    and    the   Manufacture    of    Aluminum    and 

Aluminum   Products    (1907   Complete). 

492  3.65  5     Relative  Heat  Required  to   Reduce  Calcite   and   Dolomite   Stone 

in   a    Blast   Furnace    (1910    Partial). 

493  7.00       30     Relative    Efficiency    of    Beehive    and    By-Product    Coke    In    the 

Operation    of    a    Blast    Furnace    (1910    Complete). 

MINING 

283  2.35  7     Stone    or    Ore    Crushing    Machinery,    Crushing    Pieces    Fifteen 

Inches    or    Larger    (1907    Partial). 

435  .90  8      Development   of   Oil   Fields   in   Texas    (1909   Partial). 

436  .45  3      Development   of   the  Anthracite   Coal   Fields  of  Arkansas    (1909 

Partial). 
469  4.65       40     Concrete-Lined    Shafts    (1910    Complete). 

496  5.50       26     Mining   by    Means    of   Winzes    or    Glory    Holes    (1910    Partial). 

MISCELLANEOUS 

261  1.25       10     Laying  Out  of  Standard  Race  Tracks  for  Harness  Horses   (1907 

Partial). 
1  266  6.75       47     Peat :   Its  Use  as  a  Fuel,  etc. ;  Location  of  Principal  Peat  Beds 

(1907    Complete). 
307        24.10        62     Cost    Allowances    in    Per    Cent.    Made    for    Engineering,    Con- 
tractor's  Profit,    and    for   Expense  for   Organizing   Corpora- 
►  tions    in    Estimates    for    Public    Works    (1907    Partial). 

340  6.20        29      Preparation    and    Manufacture    of    Coal-Tar    and   Asphalt    (1908 

$  Complete). 

I  349  .90  6      Cost  Keeping   and   Methods   of   Estimating  Cost    (1908   Partial). 

\  350  6.55        36     Details    of   the   Cost   of   Construction    (1908    Partial). 

Hydraulic    Excavation     (1908    Partial). 
Ozone   and    Its   U.ses    (1908   Partial). 

Rate  Per  Cent,   at  which  an  Annual  Income  should  be  Capital- 
ized to  Determine  the  Value  of  Appraisal  of  Award   ( 1909 
Partial). 
Fish   Glue    (1909    Partial). 
Cotton    Industry    (1909    Complete). 
Bonus,    Premium    and    Piece    Work    Systems    of    Remunerating 

Labor    (1909    Partial). 
Oil   Refineries   in   Texas    (1909   Complete). 
Engineering  Office  Records    (1910   Partial). 
Oil    Transportation    (1910    Partial). 

Early  German  Engineers  in  the  United  States    (1910  Complete). 
Natural  Gas   In  Louisiana,  Ohio  and  Other  Parts  of  the  United 
States    (1910    Partial). 


349 

.90 

6 

350 

6.55 

36 

365 

2.70 

17 

372 

10.70 

48 

403 

3.85 

10 

404 

1.10 

8 

407 

15.75 

277 

424 

4.30 

40 

441 

1.35 

5 

468 

4.00 

37 

497 

4.75 

40 

519 

5.15 

25 

530 

.80 

9 
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MUNICIPAL 


No. 

Cost. 

No.  of 
Ref. 

251 

$3.15 

20 

Use  of  Asphalt  Blocks  and  Their  Comparison  with  Brick  Paving 

(1907  Partial). 
265        11.50      175      Street    Cleaning     (Covers    Collection    of    City    Refuse,    but    not 

Disposal)     (1907    Complete). 
267  4.25        39      Statistics    of    Street   Paving    Other   than    New    York    City,    1896 

to   date    (1907    Complete). 
317  8.10       78     The  Use  of  Tar,  Bitumen,  Oil,  Cement,  etc.,  on  Macadam  Roads, 

Before  and  After  Construction    (1907  Complete). 
356  6.55        69     Repair  and  Maintenance  of  Telford  and  Macadam  Roads    (1908 

Partial). 
383  5.40        22      Different  Methods  of   Making  Assessments   for   Brick   Pavements 

or   Other   Street   Improvements    (1908   Partial). 
418  1.95        18      Specifications    for    Macadam    Roads     (1909     Partial). 

472  3.50        14     Action     of     Illuminating     Gas     on     Asphalt     Pavements      (1910 

Partial). 

RAILROADS 

253  3.00        19     Railroad  Embankments  Carried  Over  Swamps    (1907  Complete). 

256  7.65        27      Slips    of   Earthwork    (1907    Complete). 

258  5.15        98     Construction  of  Long  Railroad  Tunnels  (Includes  Search  No.  53) 

(1907  Partial). 
260  7.00        74     Motor  Cars,   Electric,   Gasoline,   Compressed  Air    (1907  Partial). 

182  1.25  6     Prices   of    Steel    Rails    (1906   Partial). 

262  9.90      132     Rack   Railroads    (Includes    Search    No.    230)     (1907    Complete). 

277  2.00        14     New    York    Central    Type    of    Under-Contact    Third    Rail    (1907 

Partial) . 
279  2.60        24      Cross-Sections   of   Single-Track   Railway   Tunnels   in   the   United 

States    (1907    Partial). 
285  4.75        42      Intensity    of    Pressure    Between    Locomotive    and    Car    Wheels 

and   Rails    (1907    Partial). 
290  7.05        44      Passenger    and    Freight    Cars    Used    in    Tropical    Countries    on 

Broad     or     Narrow     Gauge     Railroads,     1898-1907      (1907 
Complete). 
292        10.00  7      Time   for   Leaving   Arch    Centers    in    Place   to    Support    Concrete 

Lining   for  Railroad   Tunnels    (1907    Complete). 
Tunnel    Construction    (1907    Partial). 

Prior  Location  and  Occupation  of  Right  of  Way   (1907  Partial). 
Construction    of    the    Mont    Cenis,     St.    Gothard,     Arlberg    and 
Simplon    Tunnels     (1907    Complete). 
327  4.30  4     Cost   of   Driving   Subaqueous   Tunnels,   Nine  Feet  or   Greater   in 

Diameter    and    One    to   Two    Thousand    Feet    in    Length,    by 
Means    of    Compressed    Air    (1907    Partial). 
Track    Elevation    and   Depression    in    Cities    (1908    Complete). 
Average   Speed  with  Which  Freight  is  Handled    (1908   Partial). 
Hungarian      Government     System      of     Railway      Rates      (1908 

Complete) . 
Brenuan    Gyroscope  Railway    (1908   Partial). 
The  Nationalization  of   Swiss  Railways    (1908   Partial). 
Limit   Usually    Assigned    for   Batter    of    Retaining   Walls    (1908 

Partial) . 
Economics   of   Curve   and   Grade  Reduction    (1908   Partial). 
Marginal     Railroad     in    West    Street,     New     York     City     (1908 
Complete) . 

364  2.00  6     Density    of    Population    in    Relation    to    Earnings    of    Interurban 

Railways    (1908   Partial). 

367  3.75        17     Crossing    of    Steam    Railroads    at    Grade    and    the    Regulations 

Governing  the   Operation   of  Trains   at    Such   Points    (1908 
Partial) 

368  1.05  9     Ogden-Lucin    Cut-Off    (1908    Partial). 

370  4.50        34      Car    Ferries,    including   Transfer    Bridges,    Inclines,    Cradles    or 

Elevators    and    Other    Accessories    (1908    Partial). 

373  4.05        24      Intercontinental    Railway    (Pan-American)     (1908    Complete). 

374  17.35     216     Narrow  versus  Broad  Gauges  for  Railroads    (1908  Complete). 
379  4.95        75      Driving    Tunnels    in    Earth     (1908    Partial). 

392  .50  7      Pennsylvania   Railroad    Tunnels    under    the   Hudson   River,    and 

Terminal    in    New    York    City     (1908    Partial), 

397  .90        12      Detroit  River   Tunnel    (1908   Partial). 

398  1.65        18     Monorail   Railways    (Includes   Search    No.   341)     (1908   Partial) 

399  2.05        27      Catenary    Con.struction    (1908    Partial). 


304 

4.95 

79 

313 

.50 

1 

320 

5.85 

84 

333 
336 
337 

28.40 

.75 

5.00 

227 

1 

31 

341 
344 
347 

.50 

.50 

3.40 

5 

1 
7 

351 
357 

5.65 
7.00 

52 
28 

No. 

Cost. 

No.  of 
R(>f. 

400 

$1.50 

10 

409 
428 

.90 
.70 

2 

7 

444 
445 
452 

4.05 
3.40 
2.15 

35 
4 
8 

467 
475 

9.00 
4.25 

78 
9 

476 

1.75 

22 

490 
498 
500 
508 

9.65 

35.50 

2.60 

2.25 

41 

356 

2 

7 
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RAILROADS— (Continued.) 

Data   Relating   to   Accidents    to    Passengers    and    Employees   on 
Railroads    (1908   Partial). 

Pressures  on  Culverts  in  High  Embankments    (1909  Partial). 

Florida     East     Coast     Railway,     Key     West     Extension     (1909 
Partial). 

Reinforced    Concrete    Retaining    Walls    (1909    Partial). 

Cost  of  Operating  Railroad  Yards    (1909   Partial). 

Quotations    on    Prices    for    Angle-Bars    and    Track    Bolts    with 
Square    Nuts    (Mill    Prices)    (1909    Complete). 

Rail    Specifications    (1910    Complete). 

The  Relation  of  the   Reduction  of  Grades   and   Curves,   etc.,    in 
Railroads  to  Operating  Expenses   (1910  Partial). 

Electrification     of     Steam     Railroads,     Advantages     and     Disad- 
vantages   (1910  Partial). 

Strength    and    Wear   upon    Large    Cables    (1910    Complete). 

Subaqueous   Tunnels    (1910   Partial). 

Oil  Paint  for  Roundhouses   (1910  Partial). 

Economic       Result       of       Double-Tracking       Railroads        (1910 
Complete). 

520        15.00      176      Electrification   of   Steam   Railways    (1910   Partial). 
529  5.35        18     Tunnel-Boring  Machines  for  Tunnels  in  Rock   (1910  Partial). 

RAILROADS,  STREET 

248  2.25  8      Construction     of    Street    Railway    Track,     1905-00,     in     Streets 

Paved    with    Vitrified    Brick    (1907    Partial). 

249  7.50        13     Vibrations  in  Buildings  Caused  by  Traffic  in  Tunnels  or  Under- 

ground   Railways    (1907   Complete). 
342  1.90       35     Third  Avenue  Railway,  New  York  City   (1908  Complete). 

417  1.35        10      Subaqueous  Tunnel   Built  by  the  Boston  Transit  Commission   at 

Boston,    Massachusetts    (1909    Partial). 
447  2.60  3      Cost    of    Track,     Pole    and    Wire    Work    of    Overhead    Trolley 

Systems    in    City    Streets    (1909    Partial). 

531  1.15        20      Names    of    Managers    of    Street    Railways    in    Certain    European 

Cities     (1910    Complete). 

532  10.40       83     Zone  System — Rates  of  Fare  in  Certain  European  Cities   (1910 

Partial). 

SANITATION 

4     Methods     of     Securing     Samples     of     Subaqueous     Mud     (1906 

Complete). 
Tests    of    Strength    in    Vitrified    Sewer    Pipe    (Includes    Search 

No.    239)     (1907    Complete). 
Coefficient  of  Friction  in  Vitrified  Sewer  Pipe    (1907  Complete). 
Land  Reclamation  by  Drainage    (1907   Partial). 
Incinerators  for  the   Destruction   of  Sludge    (1908   Partial). 
Durability    of    Small    Cement    Pipe    (1908    Partial). 
Deaths  by  Typhoid  Fever  at  Pittsburg,  Pa.    (1908  Partial). 
Siphons    for    Sewerage    Systems    (1909    Partial). 
Memphis    Sewerage   System    (1909    Partial). 
Drainage  of   Swamp   Lands    in   the   South    (1909   Partial). 
New     Orleans     Sewerage     and     Water     Works     Systems     (1909 

Partial). 
Drainage  of   the  Florida   Everglades    (1909   Complete). 
Screens  Used   in  the  Treatment  of  Sewage    (1909  Partial). 
The   Absorption  of  Water   and  the  Action  of  Frost  on  Vitrified 

Sewer    Pipe     (1909    Complete). 
Submerged    Sewer    Outfalls    (1909    Partial). 
Grit    Chambers    for    Sewers    (1910    Partial). 
Assessments   for    Farm    Drainage    (1910    Complete). 
Purification     of     Sewage     Containing    Waste    from     Cotton     and 

Woolen    Mills    (1910    Partial). 
Durability   and   Strength   of   Concrete  Sewers    (1910   Partial). 
Wear   of  Sewer   Inverts    (1910  Complete). 
Sewage   Disposal — Plants  and  Experimental   Works  in   Germany 

(1910    Partial). 
510  3.50        14     Amount    of    Infiltration    of    Ground-Water    Into    Sewers     (1910 

Complete). 
512  8.65       44     Comparative   Statements   of  Typhoid   Fever   Percentages,    Before 

and  After  Improvement  of  Water  Supplies   (1910  Partial). 
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SANITATION    (Continued.) 

No.  of 

No.        Cost.      Ref. 

514        $4.00        24     Sewer   Gauging,  Dry- Weather  Flow   (1910  Partial). 

518  6.75        28     The     Amount    of     Bids    or     Cost     of     Sewera     over     Twenty-one 

Inches  in  Diameter  Actually  Built  in  Newark,  Orange, 
East  Orange,  Montclair.  Bloomfield  and  Newark  or  Hacken- 
sack  Meadows    (1910  Complete). 

527  8.30        21      Use   of   Wooden    Stave    Pipe    for    Sewers    (1910    Complete). 

STRUCTURAL 

250  4.95        15      Illustrations    Showing    Layout    and    Floor    Plans    of    Hospital 

Buildings    (1907    Partial). 

252  1.00  3      Cypress  Wood   for   Piles    (1907   Partial). 

257  1.15  7     Specifications,    Methods,    etc.,    for    Building    Water-proof    Rein- 

forced  Concrete  Reservoirs    (1907   Partial). 

259  5.75       55     Failure  of  Reinforced  Concrete  Structures  (1907  Complete). 

278  5.85        15      Impact    Tests    (1907    Partial). 

280  1.15       20     Fireprooflng   of   Floor  Construction    (1907    Partial). 

281  4.85        26     Adaptability   or   Suitability    of   Long   Span   Concrete   Floor   Con- 

struction, Use  of  Cinder-Concrete  for  the  Same,  together 
with  Ec  and  Working  Stresses  Allowable  (1907  Partial). 

282  1.80  1     Increased  Efficiency  of  Haunched    I-Beams  in  Reinforced  Con- 
crete   Floor    Construction     (1907    Partial). 

Methods,  Uses  and  Cost  of  Creosotmg  Timber  (1907  Partial). 
Riveted  Beam  Connections  and  Riveted  Splices  (1907  Complete). 
References   in  the  Official  Gazette  of  the  U.   S.   Patent  Office  to 

Reinforced     Concrete     Poles,     Posts     and     Columns,     1900- 

Oct.    1907    (1907    Complete). 
Manufacture  of  Soagliola  or  Imitation  Marble   (1907  Complete). 
Use    of    Asphalt    and    Coal-Tar    for    Pipe-Dips,    Metal    Coatings 

and  Water-Proofing  (1908  Partial). 
Decorative  or  Artistic  Use  of  Structural  Steel   (1908  Complete). 
Fireproof  Coal   Pockets   and   Grain   Elevators    (1908   Complete). 
Metal    Sheet-Piling    (1908   Partial). 
Coverings     for     Reinforced     Concrete     Factory     Floors      (1908 

Partial). 

412  2.50       35     List   of   American    Periodicals   on    Cement,    Concrete   and    Rein- 

forced   Concrete    (1909   Complete). 

413  2.35        13     Relative  Value  of  Sand  vs.   Broken   Stone  Screenings  in  Cement 

and    Concrete   Work    (1909    Partial). 

414  12.25       51     Experiments   on    Wrought-Iron   or   Steel    Compression   Members, 

Compiled    for    the    Special    Committee    on    Steel     Columns 
and  Struts   (1909  Complete). 
420  4.50       44     Sinking    Open    Wells    or    Caissons    by    Processes    other    than 

Pneumatic    (1909    Partial). 

Test    Borings    for    Foundations    (1909    Partial). 

Quicksand    (1909    Partial). 

Reinforced    Concrete    Industrial    Buildings    (1909    Partial). 

Books   on   Structural   Mechanics   and   Theory   of  Framed    Struc- 
tures   by    German    Authors    (1909    Partial). 

Driving  Metal   Sheet-Piling   (1909   Partial). 

Effect  of   Coal   Gases   and   Constant   Heat    on    the    Life   of    Steel 
and   Concrete  when  Unprotected    (1909   Partial). 

Water-proofing  of  Masonry  Structures    (1909  Partial). 

Sand   Cement    (1909   Partial). 

Foundations    in    Chicago    (1910    Partial). 

Foundations   of  the    St.    Paul    Building,    New   York    City    (1910 
Partial). 

Marine    Wood    Borers    (1910    Partial). 

Use    of    Tower    Hoisting    Arrangement    and    Spout    or    Conduit 
for   Depositing  Concrete.   Prior  to   1907    (1910  Partial). 
195  5.65        70     Method   used   to   Reinforce   Large    Structures,    Subject   to    Settle- 

ment   (1910    Partial). 
503  .75  2      Deposition  of  Concrete  through  Pipes,  by  Compressed  Air   (1910 

Partial). 
509  6.55       18     Action    of    Sulphur    Water    on    Cement    and    Concrete     (1910 

Complete). 
511  3.75        12     Mushroom    System    of   Reinforced    Concrete    Construction    (1910 

Complete). 

516  7.50        60     Wood    Piles    (1910    Partial). 

517  4.00        64     Preservation  of  Timber   (1910  Partial). 
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WATER  SUPPLY  AND  WATER  POWER 

No.  of 
No.  Cost.  Ref. 
254       $.260       21      Description   of   Hydro-Electric   Power   Plants   of   Less   than    100 

Feet    Head    on    Mississippi    River    and    Tributaries     (1907 

Complete). 

263  1.80  3      Cost    of    Engineering    in     Hydro-Electric    Developments     (1907 

Partial). 

264  3.25       24     Cost     and     Methods    of     Construction     of    Reinforced     Concrete 
Conduits    (1907    Partial). 

Theory   and   Process   of   Operating   Siphons    (1907    Complete). 
Construction   of   Flash    Boards   on    Dams    (1907    Complete). 
Undeveloped  Water  Powers  in  the  United  States   (1907  Partial). 
Experiments  in  the  Flow  of  Water  over  an  Ogee  Dam   (Includes 
Search    No.    121)     (1907    Complete). 
275  2.65        16     Back-Water  Due  to  the  Construction  of  Fixed  Dams    (Includes 

Search    No.    16)     (1907    Complete). 
284  5.40        28      On    the    Use    of    Underground    Water    from    the    Beds    of   Rivers 

(1907    Partial). 
288  .75       11     Water-Works  Sy&tems  for  Cities,  1899-1907    (1907  Partial). 

291  3.00       27     Valuation    of    Water    Power,    Particularly    with    Reference    to 

Condemnation    Prccocdings    (1907    Complete). 

293  2.00        15      Work  and  Plans  of  the  New  York  Board  of  Water  Supply  (1907 

Pfirt  ill  ^ 

294  2.50  2      Details    of    Construction    of   Works    of   the    Pike's   Peak    Hydro- 

Electric   Co. ;    Especially   the   Handling,   Laying  and   Secur- 
ing  of   the    Pipes    (1907    Complete). 
315  .50  7      San     Carlos     Project    for     Storage    of     Water    on     Gila    River, 

Arizona    (1907    Complete). 
348  4.05        12      Tongued    and    Grooved     Sheet-Pilings    as    a    Cut-Off    Wall    for 

Dams    (1908   Partial). 
360  5.40        47      Water   Softening    (1908    Partial). 

362       16.80     106     Gate-Houses,    Valves    and    Screens    for    Masonry    and    Earthen 

Dams     (1908    Partial). 
369  2.95  5     Methods   of   Keeping   Canals  Free   from   Deleterious   Growths   of 

Weeds     (1908    Complete). 
376       21.05       34     Large  Dams  or  Retaining  Walls  that  Impound  Large  Bodies  of 

Water   above   Cities   or   Villages    (1908   Complete). 

380  2.05  5     Relation    of    Rainfall    to    Run-Off    on    the    Watershed    of    Rock 

River,    HI.    (1908    Complete). 

381  6.30        53      Reinforced    Concrete    Conduits    Five   Feet    or    Less    in    Diameter 

(1908    Partial). 
384  2.70  5     Inverted  Siphons  for  Water  Supply,  Constructed  in  Rock    (1908 

Partial;. 
401  9.60        35      Large    Siphons    (1908    Partial). 

408  1.80  6     Junction    of    Earth-Sections   with    Lined    Sections   or   Flumes   in 

Canal   Construction    (1909   Partial). 

410  3.25       21     Conditions   which    Cause   Stored    Waters   to   have   Fish    and    Oil 

or    other    Bad    Tastes    (1909    Partial). 

411  3.15  8      Contamination    of    Water    for    City    Use    by    Alternate    Raising 

and    Lowering    of    the    Surface    Level    of    Water    in    Ponds 

(1909    Partial). 
Awards  for  Water  or  Water  Power  Diversion    (1909  Partial). 
Deep-Well    Pumping  by   Compressed   Air    (1909   Partial). 
Irrigation   in  Texas    (1909   Partial). 
New     Orleans     Sewerage     and     Water-Works     Systems      (1909 

Partial). 
Cast-iron  Water  Pipe  versus   Steel,   Wrought-Iron   and  Wooden 

Pipe    (1909   Complete). 
Animal   Life   in  Water  Supply    (Snails)    (1909  Partial). 
Rice    Irrigation    in    the    United    States    (1909    Complete). 
Wooden  Stave  Pipe,  Crossing  Rivers   (1910  Partial). 
Conduits    through    Earthen    Embankments    (1910    Partial). 
Methods    of    Laying    Submerged    Cast-Iron    Mains,    Subject    to 

Pressure   (1910  Partial). 
Spillways  for  Earth   Dams    (1910  Partial). 
Preservative    Coatings    for    Steel    Mains    (1910    Partial). 
Specifications   for   Laying   Cast-iron  Water   Mains,   about  Thirty 

Inches    in    Diameter    (1910    Complete). 
Storage   of   Water    for    Logging    Purposes    (1910    Complete). 
Settlement     of     Timber     Dams     on     Rock     Foundations     (1910 

Partial). 
Reinforced    Concrete    Standpipes     (1910    Complete). 
Flow  of  Water  in  Cement-Lined  Circular  Conduits  and  Riveted 

Steel   Pipe,   Six  Feet   or   Over   in   Diameter    (1910   Partial). 
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No.  of 

No.         Cost.      Ref. 

255       $2.00       11     Cape  Cod  Canal    (1907   Complete). 

268  4.25  6      Data  Regarding  the  Coefficient  of  Friction  to  be  Used  in  Calcu- 

lating Resistance  of  Stone-Filled  Timber  Cribs  against 
Sliding  on  Earth,  Rock  or  Gravel  Foundations  (1907 
Partial). 

273  5.05  9     Effect  of   Ice  Fields  on   Dams  and   Abutments    (Includes   Search 

No.    3  8)     (1907    Complete). 

276  2.00        21     Fishways     (Includes    Search    No.    190)     (1907    Partial). 

286  1.25        13     Harbors    Constructed   on    Sites   with    Open    Roadsteads   and   Low 

Sandy    Beaches    (1907    Partial). 

295  7.15        74      Mechanical  Towage  of  Canal  Boats  Outside  of  the  United  States 

(1907    Partial). 

296  2.50  7      Dikes    for    Narrowing    and    Rectifying    a    Broad    Sandy    Stream 
(1907    Partial). 

Chicago   Drainage   Canal    (1907   Partial). 

Manchester    Ship    Canal     (1907    Partial). 

Wharves,    Bulkheads,    etc.     (1907    Partial). 

Ocean  Piers  in  the  United  States  and  Foreign  Countries   (1907 

Complete). 
335  .50  1      Columbia    River,    Oregon,    Canal    around    the    Cascades     (1907 

Partial). 

353  4.30        57      Improvement    of    the    Mississippi    and    Missouri    Rivers     (1908 

Partial). 

354  3.50        28     Floods  and  the  Relation  of  Forests  to  Stream  Flow  in  European 

Countries   (1908  Partial). 
363        19.55        31      Wooden    Piles   with   an    External    Covering   of  Concrete   Encased 

in   Metal,   Wood,    or   Earthenware    (1908   Partial). 
Seepage   in    Canals    (1908   Partial). 
Dredging    in    Harbors    in    Sand    and    Mud,    Apparatus    and    Cost 

of   Operation    (1908    Partial). 
Levees    (1908  Partial). 

Shore    Protection    by    Lining    with    Concrete    (1908    Partial). 
Foundations    on    Coral    Reefs    (1908    Complete). 
Proposed    Lighthouse    on    Diamond    Shoals    Off    Cape    Hatteras 

(1908    Complete). 
Government  Publications  on  Lighthouses   (1908  Complete). 
Lighthouses    (1908    Partial). 
Dock    Construction    (1909    Partial). 
Galveston    Sea- Wall     (1909    Partial). 
The   Port   of    Philadelphia    (1909    Complete). 
The  Port  of  Hamburg   (1909  Complete). 

The  Southwest  Pass  of  the  Mississippi  River    (1909   Partial). 
Sabine    Pass    (1909    Partial). 

Improvement  of  Charleston  Harbor   (1909  Partial). 
The   Chalmette   Docks   of   the  New  Orleans  Terminal   Co.    (1909 

Partial) . 
Barge   Canal    (1909   Partial). 

Jamaica   Bay,    Rockaway   Point   and   Inlet    (1910    Complete). 
Measurement    of    Dredged    Material     (1910    Partial). 
Definition    of    Riprap    and    Stone    Paving     (1910    Partial). 
Articles    containing    Illustrations    of    Cross-Sections    of    Break- 
waters   (1910    Partial). 
523        10.40        20      Construction   of   Bulkheads  with   Foundations   in   Forty  to   Fifty 

Feet    of   Silt    (1910    Partial). 
533  6.50        37      Stream-Flow    Data    for    Streams    East    of   the    Mississippi    River 

(1910   Partial). 
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ACCESSIONS  TO  THE  LIBRARY 

(From  Di'dMiilKT  l.Stli.   1!M0,   to  January  9th,  1911) 

DONATIONS  * 

FOWLER'S  ELECTRICAL  ENGINEER'S  POCKET  BOOK,  1911. 

Edited  by  William  II.  Fowler.  Eleventh  Annual  Edition.  Cloth, 
6x4  in.,  illus.,  47  +  575  pp.  Manchester,  England,  Scientific  Publish- 
ing Company,  1911.     1  shilling  6  pence. 

The  preface  states  that  in  this  edition  of  this  Pocket  Book  many  improvements 
have  been  made  in  the  subject-matter,  in  order  to  retain  its  reputation  of  being 
"the  cheapest  and  most  reliable  up-to-date  electrical  handbook  published."  The 
Contents  are :  Miscellaneous  Tables,  etc.  ;  Wire  Tables ;  Magnetism  and  Magnetic 
Data;  Conductors  and  Insulating  Materials;  Electric  Lighting  and  Wiring;  Com- 
parison and  Measurement  of  Resistances  ;  Electrical  Measuring  Instruments  ;  Elec- 
tricity Meters  ;  Primary  and  Secondary  Batteries  ;  Dynamos  and  Motors ;  Alternate 
Electric  Currents  ;  Alternaters ;  Transformers  ;  Alternate  Current  Motors ;  Switch- 
boards, Circuit  Breakers,  and  Lightning  Arresters  ;  Electrical  Power  Transmission 
and   Distribution;  Rotary  Converters;   Electric  Traction;   Rules  and  Regulations. 

ROCK  DRILLS. 

Design,  Construction,  and  Use.  By  Eustace  M.  Weston.  Cloth, 
9h  X  G.i  in.,  illus.,  7  +  3G7  pp.  New  York  and  London,  McGraw-Hill 
Book  Company,  1910.     $4.00. 

It  has  been  the  author's  purpose  to  describe  and  compare  the  leading  modern 
makes  of  English,  Australian,  and  American  drills  of  both  the  piston  and  the 
hammer  type,  and  to  give  such  details  of  their  actual  use  in  metalliferous  mines 
as  will  enable  engineers  and  mine  managers  to  choose  machines  suited  to  their 
particular  needs  and  to  maintain  and  work  them  at  their  highest  efficiency.  The 
Chapter  Headings  are:  Historical  Sketch;  Standard  Piston  Drills;  Hammer  Drills; 
Electric  Drills  ;  Operating  Rock  Drills  on  the  Surface  and  Underground  ;  Piston 
Drills  Designed  to  Use  Air  Expansively ;  Philosophy  of  the  Process  of  Drilling 
Rock  ;  Repair  and  Maintenance  of  Rock  Drills  :  Drill  Steel  and  Drill  Bits ;  Ex- 
plosives and  Their  Use ;  Theory  of  Blasting  with  High  Explosives  ;  Examples  of 
Rook  Drill  Practice,  Africa  and  Australia:  Examples  of  Rock  Drill  Practice, 
America  :  Rock  Drill  Tests  and  Contests  ;  Dust  and  Its  Prevention  ;  Notes  on  the 
Use  of  Compressed   Air ;    Index. 

FOWLER'S  MECHANICS'  &  MACHINISTS'  POCKET  BOOK  AND  DIARY,   1911. 

Edited  by  William  II.  Fowler.  Third  Edition.  Cloth,  6x4  in., 
illus.,  63  +  456  pp.  ^Manchester,  England,  Scientific  Publishing  Co., 
1911.     6  shillings. 

In  a  secondary  title  it  is  stated  that  this  volume  contains  a  synopsis  of  prac- 
tical rules  for  fitters,  turners,  millwrights,  erectors,  pattern  makers,  foundrymen. 
draftsmen,  apprentices,  students,  etc.,  and  it  is  also  stated  that  this  the  third 
edition  has  been  thoroughly  revised  and  brought  up  to  date.  Tables  from  the 
reports  of  the  Engineering  Standards  Committee  on  bolts,  nut  spanners,  screw 
threads,  and  running  fits  are  also  included.  The  Contents  are  :  Handy  References 
and  Tables  ;  Mensuration,  Geometry,  end  Trigonometry  ;  Uses  of  Logarithms  and 
Antilogarithms  ;  Materials  Used  in  Machine  Construction  ;  Machine  Tool  Design  ; 
Proportions  of  Machine  Tool  Parts  ;  Metal  Cutting  Tools  ;  High  Speed  Tool  Steels  ; 
Drilling  and  Boring  Metal;  Screw  Threads,  Screw  Cutting,  and  Taper  Turning; 
Emery  and  Emery  Wheels;  Shop  Practice;  Wheel  Gearing;  Belt  and  Rope  Driving; 
Shafting  and   Bearings ;    Lifting   Chains   and   Ropes. 

THE  MODERN  MANUFACTURE  OF  PORTLAND  CEMENT. 

A  Handbook  for  ]\ranufaeturers.  Lasers,  and  All  Interested  in  Port- 
land Cement.  Bv  Percy  C.  H.  West.  Vol.  I.— Machinery  and  Kilns. 
Cloth,  10  x  6 J  in.,  illus.,  16  +  262  pp.  New  York,  :\rcG raw-Hill  Book 
Company;  London,  Crosby  Lockwood  and  Son,  1910.     $4.00. 

The  author  states  that  this  first  volume  contains  descriptions  of  the  various 
processes    and    machinery    now    used    In    the    manufacture    of    Portland    cement.     A 

*  Unless  otherwise  specified,  books  in  this  list  have  been  donated  by  the  publishers. 
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second  volume,  in  preparation,  will  treat,  it  is  stated,  of  the  chemical  and  physical 
testing  of  the  raw  materials  and  finished  product,  the  general  control  of  the  manu- 
facturing process,  and  the  scientific  side  of  the  subject  generally.  The  Contents 
arc  :  Introductory  ;  Wet  Process  :  Wash-Mills  ;  Wet  Edge-Runners  and  Stone-Mills  ; 
Wet  Tube-Mills;  Other  Wet  Mills  and  Accessory  Plant;  Wet  Process — Conclusion. 
Dry  Process :  Introduction  ;  Crushers ;  Driers ;  Millstones,  Edge-Runners,  Disinte- 
grators, etc.;  Ball-Mills;  Centrifugal  Roll-Mills;  Tube-Mills;  Conveyors  and 
Elevators;  Dust  Collectors;  Weighing  Machines;  Separators  and  Automatic  Feeders; 
Pressing  and  Drying  Briquettes.  Kilns:  Shaft  and  Other  Stationary  Kilns;  Rotary 
Kilns ;  Coal  Drying  and  Grinding.  The  Treatment  of  the  Clinker  and  of  the 
Finished  Cement :  Storing  and  Grinding  the  Clinker  ;  Warehousing  and  Packing  the 
Cement ;   Descriptions  of  Some  Modern  Cement  Plants  ;    Index. 

FOWLERS  MECHANICAL  ENGINEER'S  POCKET  BOOK,   1911. 

Edited  by  William  H.  Fowler.  Thirteenth  Annual  Edition.  Cloth, 
6x4  in.,  illus.,  63  +  655  pp.  Manchester,  England,  Scientific  Publish- 
ing Co.,  1911.     1  shilling  6  pence. 

The  information  contained  in  this  edition  of  the  Pocket  Book,  is  stated  to  have 
been  thoroughly  revised  and  amended  in  order  to  bring  the  subject-matter  as 
nearly  as  possible  up  to  date.  The  Contents  are :  Miscellaneous  Tables  and 
Formulae ;  Steam  Boilers  and  Fittings ;  Fuels  and  Combustion  ;  Steam  Engines ; 
Steam  Turbines ;  Locomotives  ;  Steam  Tables ;  Valves  and  Valve  Gear  ;  Gas 
Engines  ;  Gases  Used  in  Gas  Engines  ;  Oil  Engines  ;  Hydraulics  ;  Pumps  and  Pump- 
ing Arrangements ;  Gearing  and  Lubrication  ;  Hoisting  and  Lifting  Machinery ; 
Mining  Machinery  and  Appliances ;  Metallurgy  of  Iron  and  Steel ;  Strength  of 
Metals  and  Alloys ;  Beams  and  Pillars ;  Springs ;  Chemistry ;  Ventilation  and 
Heating. 


Gifts  have  also  been  received  from  the  follovping: 


Alabama    Polytechnic    Inst.     1    pam. 
Allen,    W.    T.      1    pam. 
Am.    Iron   and   Steel   Assoc.     1  pam. 
Am.  Ry.    and    Master    Mechanics'    Assoc. 

1    bound    vol. 
Am.  Ry.    Eng.    and    M.    of    W.    Assoc.      2 

vol. 
Am.   Soc.    Mech.    Engrs.      1    bound    vol. 
Arkansas-Secy,    of   State.     1    bound   vol. 
Belzner,    Theodore.     2    pam. 
California-State    Forester.      1    pam. 
California-Secy,    of    State.      1    bound    vol. 
California    Polytechnic    School.      2    pam. 
Canada-Dept.   of   Mines.      3   pam. 
Chicago,   Peoria   &   St.   Louis   Ry.   Co.     1 

pam. 
Cornell    Univ.     1    pam. 
Georgia-Comptroller-Gen.     1    bound    vol. 
Germany  -  Kaiserliche       Generaldirektion 

der      Eisenbahnen      in      Elsass-Loth- 

ringen.     1    vol. 
Great    Britain-Patent    OflBce.      4    vol. 
Halifax,    N.    S.-City    Engr.      2    pam. 
Harvard   Univ.      1    bound   vol. 
Higgins.   George.      1   pam. 
Illinois-Insurance   Supt.      2    bound    vol. 
Indiana-R.    R.    Comm.     1    map. 
Iowa-State    Univ.    of.      1    vol. 
Kansas,    Univ.    of.      2    bound    vol. 
Lawrence,    Mass. -City    Engr.      4    pam. 
Lehigh  &  Hudson  River  Ry.  Co.      1  pam. 
Liverpool    Eng.    Soc.      1    bound    vol. 
Louisiana-Secy,    of    State.      1    pam. 
Madras,      India-Public     Works     Dept.      1 

pam. 
Memphis,  Tenn. -Artesian  Water  Dept.      1 

bound   vol.,    3   pam. 
Minnesota-State        Geologist.      1        bound 

vol.,    1    vol. 
Missouri  Pacific  Ry.   Co.     1   pam. 


Moline,    111. -City    Civ.    Engr.      4    pam. 
New    Orleans,    La.-City    Engr.      2    pam. 
Newport,   England-Water- Works  Dept.      1 

pam. 
New     York     City-Dept.     of     Docks     and 

Ferries.      1   bound    vol.,    1   pam. 
New    York    State-Forest,    Fish    and   Game 

Comm.     1    bound   vol.,    1   pam. 
New     York-State     Engr.     and      Surv.      1 

map. 
New    York- State    Library.      3    pam. 
New    York    State-Public    Service    Comm., 

1st    Dist.      5    pam. 
North   Dakota-Univ.   of.      1   Vol. 
Ohio-Chf.    Insp.    of    Mines.     2    vol. 
Ontario,    Canada-Registrar-Gen.      1    pam. 
Pennsylvania-Dept.    of    Mines.     2    bound 

vol. 
Philadelphia,   Pa. -Dept.   of  Public  Works. 

1  vol. 
Philadelphia,      Pa. -Director      of      Public 

Health    and    Charities.      1    pam. 
Plainfleld,     N.     J. -Board     of     Health.      9 

pam. 
Plymouth,     England-Corporation     Water- 
works.     1    bound   vol.,    7    pam. 
Richmond,      Fredericksburg     &     Potomac 

R.    R.    Co.      1    pam. 
Ross,   Elmer  W.      6  pam. 
Ruttan,    H.   N.      1   pam. 
South    Australia-Rys.    Commr.     1    pam. 
South    Dakota-Geol.    Survey.     1    pam. 
Southern   Pacific   Co.      2   pam. 
Stirling,    Scotland-Supt.   of   Water-Works. 

1    pam. 
Stourbridge,       England-Stourbridge      and 

Dist.    Water    Board.      1    pam. 
Tasmania-Gen.    Mgr.    of    the    Govt.    Rys. 

1    pam. 
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Torquay,    England-Water    Engr.     1    pam.  Wakefield,  England- Water-Works  Engr.   1 

U.   S. -Bureau  of  Insular  Affairs.     1  pam.  pam. 

U.   S.-Bureau    of    Mines.      2    pam.  Webster,    George    S.      1    bound    vol. 

U.   S.-Bureau    of    Yards    and    Docks.     1  Western    Australian    Inst,    of    Engrs.     1 

pam.  pam. 

U.   S.-Dept.   of   Commerce   and   Labor.     1  Wilgus,    William    J.     1   pam. 

pam.  Williams,    W.    H.      1    pam. 

U.   S.-Supt.     of     Naval     Observatory.     1  Wisconsin-State    Forester.      1    pam. 

pam.  York,       England- Water- Works       Mgr.      1 
Utah,    Univ.    of.     1    vol.  pam. 


BY    PURCHASE 


Year=Book,  1910.  American  Society  for  Testing  Materials.  Phila- 
delphia, i;)io. 

Practical  Switch  Work.  A  Hand-Book  for  Track  Foremen.  D.  H. 
Lovell.     Myron  C.  Clark  i*ublishing  Company,  New  York,  1909. 

Standard  Turn=Outs  on  American  Railroads.  F.  A.  Smith.  Myron 
C.  Clark  Publishing  Company,  New  York,  1906. 

Maintenance  of  Way  Standards  on  American  Railways  and  Rules 
and  Instructions  Governing  Roadway  Departments.  Myron  C.  Clark 
Publishing  Company,  New  York,  1906. 

The  World  Almanac  and  Encyclopedia,  191 1.  The  Press  Publish- 
ing Company,  New  York. 


SUMMARY  OF  ACCESSIONS 

(From  December  13th,  1910,  to  January  9th,  1911) 

Donations  (including  5  duplicates) 130 

liy  purchase 5 

Total 135 
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MEMBERSHIP 


ADDITIONS 

(From   Dec-ember    ]3tli,    1910,   to   Jamiary   10th,    1911) 

^tEMBERS  Membership. 

Blanchard,   Murray.     Supt.,   The   Foundation  )   Assoc.  M.     April     2,  1902 

Co.,  115  Broadway,  New  York  City j"  M.  Dec.       6,   1910 

Chambers,     Herbert     James.      (Hamilton     &  )    .  ^,      -.-r  ^    ,^^^ 

^,       ,  oi    1    17.  '    1    r<     4.      \    (  Assoc.  M.     Nov.      5,  1902 

Chambers,    Steel    Engrs.    and    Contrs.),  V 

oo   Tj       ^            T.T        V     1     n+  Cm.  Jan.       3,   1911 

29   Broadway,  New  York   City J 

Cochrane,  Victor  Hugo.      (Hedrick  &   Coch-  )    .  „,      ^  ,         ,    ,„„^ 

„           „          X      nin    T>T  /-(        cj.     I  Assoc.  M.     Oct.        4,   1905 

rane,    Cons.    Engrs.),    1118    McGee    St.,  L  ,,  ' 

,.'„.,,,='"                                    '  (  M.  Dec.       6,  1910 

Kansas  City,  Mo \ 

Duis,     Frederick    Bernhardt.      TJ.     S.    Asst.  )                  _  ,   „^ 

Engr.,    309    South    Front   St.,    Wheeling,  t  ^^^'^^^  ^-  ^^^-       ^'  ^'^^^ 

W.  Va .  P-  '^^"-       ^'   ^^^^ 

Eddy,  Albert   Clark.     Asst.   Engr.,    Great   Northern   Ry. 

Co.,  320  Second  St.,  New  Westminster,  B.  C,  Canada.  Dec.       G,   1910 

Ferguson,  James   Easton.      Operating   Engr.,  ) 

rp,      rp  1    1     T>  ■  1        0    r<  r<       rr  1    q      f  Assoc.  M.     June      1,  1904 

Ihe  loledo  Bridge  &  Crane  Co.,   loledo,  l 

Ohio :\^'      j-^-  =^'1^11 

Fulton,  James  Edward.     Civ.  and  Mech.  Engr.,   155  The 

Terrace,   Wellington,    New   Zealand Oct.        4,  1910 

McDaniel,  Allen  Boyer.     Prof,  of  Civ.  Eng.,  ) 

TT  •        f  o     ii    T->  1    i       r<  -n  J   f  Assoc.  M.     Nov.       1,  1905 

Univ.  of  South  Dakota;   Cons.  Eng.  and  v 

A     1+     T7        •,!•         o    T^  ,  Cm.  Dec.       6,   1910 

Archt.,  Vermillion,  S.  Dak \  ' 

Merriman,  Thaddeus.     Dept.  Engr.;   Asst.  to  ]  Jun,  April  4,  1889 

Chf.  Engr.,  Board  of  Water  Supply,  165  (.  Assoc.  M.  April  1,   1908 

Broadway,  New  York  City \  M.  Dec.  6,  1910 

Orr,  John.     Prof,  of  Eng.,  North  African  School  of  Mines 
and    Technology,    Box     1176,    Johannesburg,     South 

Africa Oct.  4,  1910 

Parsons,    Harold    Ashton.      303    Main    St.,  )  Assoc.  M.  May  1,  1907 

Stamford,  Conn [  M.  Dec.  6,1910 

!Jun.  Feb.  4,  1902 

Assoc.  M.  Mar.  6,  1907 

M.  Dec.  6,  1910 
Richardson,  Joshua  Wilson.     Chf.  Engr.,  Vera  Cruz  Ter- 
minal Co.,  Ltd.,  Ave.  Independencia  No.  2,  Vera  Cruz, 

Mexico Dec.  6,  1910 

Robinson,  George  Loomis.     Pres.,  New  York  ]  Jun.  April  5,  1904 

Sewage   Disposal    Co.,    1    Madison   Ave.,  (.  Assoc.  M.  Mar.  7,  1906 

New  York  City )  M.  Dec.  6,1910 

Shoemaker,  Marshall  Ney.     Vice-Pres.,  Am. 

Concrete    Steel    Co.,    718    Union    Bldg.,  (  ^''•'"-  ^-  ^P^^^  ^'  ^^^^ 


Newark,  N.  J. 


M.  Jan.       3,  1911 
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iiKMHKKS   (Continued.)  Date  of 

Membership. 

Westcott,  Frank  Thomas.     North  Attleboiougli,  Mass.  ..  .     Jan.       3,  1911 

White,  Willard  Olney.     Cons.  Civ.  and  Min.  ) 

Engr.,      First      National      Bank      Bldg.,  (  ^^^«^-  ^^-     ^^^     3,   1907 


M.  Nov.       1,  1910 


Uniontown,  Pa )  ^^-  J^""       3,1911 

WoEBMANN,  Frederick  Christian.    Cons,  and  Const.  Engr., 

724  Grant  Bldg.,  San  Antonio,  Tex Dec.       6,  1910 

Wood,  Detiiic  Hewitt.     Clif.  Engr.,  Converse  ]    ^ 

'       .,         ^  im      ni       u    1   ■        A         f  Assoc.  M.     Feb.       6,  1907 

Bridge      Co.,      101      Chamberlain     Ave.,  y  ^^  ^^  i     mm 

Chattanooga,  Tenn 


associate  members 

Allen,  Harold  Dayton.    With  C.  R.  R.  Co.  of  )  Jun.  April  30 

N.  J.,  27  Wakenian  Ave.,  Nevs^ark,  N.  J . .  f  Assoc.  M.  Dec.  6 
Benedict,  Harold  Willougiicy.     705  Third  Ave.,  North, 

Troy,  N.  Y Jan.       3 

BiNFORD,    Charles    Munnerlyn.     Chf.    Engr.,  Piney  Min. 

Co.,  Riley,  Raleigh  Co.,  W.  Va Dec.       6 

Bbaunworth,    Percy    Lewis.      Prin.    Asst.    to    John    M. 

Farley,  White  Plains,  N.  Y Jan.       3 

Bunker,    Stephen    Sans.      Asst.    Engr.,    Madeira-Mamore 

Ry.,  Box  304,  Manaos,  Brazil Oct.       4 

Burns,   Walter   Elliott.     911    O   St.,   Sacra-  )  Jun.  Mar.      5 

mento,  Cal C  Assoc.  M.     Dee.       6 

Cope,  Erle  Long.    2318  Telegraph  Ave.,  Berke-  )  Jun.  Jan.       7 

ley,  Cal f  Assoc.  M,     Dec.       6 

CuBFMAN,  Lawrence  Everett.    City  Engr.,  310  West  Rose 

Ave.,  Pittsburg,   Kans Dec.       6 

Day,  Warren  French.    Asst.  Engr.  with  James  A.  Green, 

226  La  Salle  St.,  Chicago,  111 Dec.       6 

Dow,  William  Grear.     151  Archer  PI.,  Denver,  Colo Dec.       6 

DuNLOP,  Samuel  Campbell.    Asst.  Engr.,  Cliarleston  Sewer 

System,  Office,  City  Engr.,  Charleston,  S.  C Dec.       6 

Emerson,  Raffe.     Asst.  to  Gen.  Mgr.,  Lehigh  Val.  R.  R., 

Bethlehem,   Pa June    30 

Fisher,    Guillermo    Gustavo.       Chf.     Engr.,  j 

Public   Works   of   the   Provincial    Govt.,  (.  "^"°-  ^^^^-       " 

d     i.     oi          /-I  u  V  Assoc.  M.     Dec.       6 

Santa  Clara,  Cuba J 

Gay,   Howard   Spooner.     Asst.   Engr.,  Viele,   Blackwell    & 

Buck,  R.  D.  No.  2,  Little  Falls,  N.  Y Dec.       6 

Goldsmith,  Clarence.  Hydr.  Engr.,  Committee  on  Fire 
Prevention  of  National  Board  of  Fire  Underwriters, 
6G  East  Haverhill   St.,  Boston,  Mass Dec.       6 

Grant,     John     Robert.      503     Cotton     Bldg.,     Vancouver, 

B.  C,  Canada Jan.       3 


1907 
1910 

1911 

1910 

1911 

1910 
1907 
1910 
1908 
1910 

1910 

1910 
1910 

1910 

1910 

1904 
1910 

1910 

1910 
1911 


Jun. 

Oct. 

2, 

1906 

Assoc.  M. 

Jan. 

3, 

1911 

Jun. 

Jan. 

7, 

1908 

Assoc.  M. 

Jan. 

3, 

1911 

40  MEMBERSHIP — ADDITIONS  [Society 

ASSOCIATE  MEMBEES    (Continued.)  „  Date  of 

Membership. 

GiuswoLD,  Lee  Swaney.     Junior  Engr.,  U.  S.  Engr.  Dept., 

665  Monadnock  Bldg.,  San  Francisco,  Cal Dec.       6,  1910 

Hall,  William  Henky.      (Hall  &  Bacon),  272  Main  St., 

New    Britain,    Conn Oct.       4,  1910 

Healey,     Charles     Fkank.      613     Bankers    Trust    Bldg., 

Tacoma,  Wash June    30,  1910 

Kays,  Makion  Reed.     Richfield,  Idaho Dec.       6,  1910 

LoucKES,   Frank   Irwin.     Junior   Engr.,    U.    S.    Corps   of 

Engrs.,  U.  S.  Engr.  Oiiice,  Box  72,  Louisville,  Ky Jan.       3,  1911 

McCausland,  Charles  Patterson.    Bridge  Engr.,  Western 

Maryland  Ry.,  709  Continental  Bldg.,  Baltimore,  Md.     Dec.       6,  1910 
Marsh,  Francis  Beal.     Asst.  Engr.,  Board  of 

Water  Supply,  165  Broadway,  New  York 

City 

Miller,  Crosby,  Asst.  Engr.,  Estimating  Dept., 

Bridge  and  Constr.   Dept.,   Pennsylvania 

Steel  Co.,  Steelton,  Pa 

Morse,  Robert  Brooks.    Metropolitan  Sewerage  Comm.,  17 

Battery  PI.,  New  York  City June    30,   1910 

Podewils,  Otto  Charles  Julius.     Chf.  Estimator,  George 

A.  Just  Co.,  1429  Prospect  Ave.,  New  York  City Jan.       3,  1911 

Randorf,   Charles   Andrew.      Structural    Engr.,    Asst.    to 

Chf.  Engr.,  Lackawanna  Steel  Co.,  438  Potomac  Ave., 

Buffalo,    N.    Y Dec.       6,  1910 

Renshaw,  Francis  Orea.     Big  Stone  Gap,  Va Jan.       3,  1911 

Rogers,  Augustus  Webster.     Standard  Oil  Co.,  Road  Oil 

Dept.,  26  Broadway,  New  York   City Nov.       1,   1910 

Sayers,  Edward  Lawrence.     OtBce  Engr.  with 

Noble  &  Woodard,  Cons.  Engrs.,  7  East 

42d  St.,  New  York  City 

Scott,   John    Kuhn.     Asst.    Purchasing   Agt.,  1 

West.    P.    R.    R.,    Room    803    Pittsburg 

Bank     for     Savings     Bldg.      (Res.,     905 

Heath  St. ) ,  Pittsburg,  Pa j 

Shearer,  Charles  English.     Structural  Engr. 

dolph  Bldg.,  Memphis,   Tenn Dec.       6,  1910 

Stiles,  Otho  William.     City  Engr.,  120  West  Corwin  St., 

Circleville,    Ohio Dec.       6,  1910 

Strickler,  Frederick  Wineman.     448  Walnut  St.,  Mead- 

ville.    Pa Dec.       6,  1910 

Suarez  y   Cordoves,   Patricio   Andres.      Cen-  )  Jun.  April     6,  1909 

tral  "Esperanza,"  Calimete,  Cuba j  Assoc.  M.     Nov.       1,  1910 

Swendsen,  Warren  G.      (Swendsen,   Swendsen  &   Peirce), 

27  Shaw  Blk.,  Boise.  Idaho Dec.       6,  1910 


Jun. 

Feb. 

2, 

1904 

Assoc.  M. 

Jan. 

3, 

1911 

Jun. 

Oct. 

1, 

1907 

Assoc.  M. 

Dec. 

6, 

1910 

710  Ran- 
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ASSOCIATE  MEMBERS    (Continued.)  Date  of 

Membership. 

Tenney,  William  Field.    Asst.  Engr.,  N.  Y,  C.  &  H,  R.  R. 

R.,  327  Holcomb  St.,  Watertown,  N.  Y Nov.       1,  1910 

Wiiitbeck,  Lee   Field.      Div.   Encjr.,   National  )    ^  ^ 

-,     '        ,     ,,     .  t:<  .     •  r>r    ■  {  Jun-  Dec.       6,  1904 

Rys.     of     Mexico,     Estacion     PSniamo,  >•   .  ,,  ,^ 

r.  .      ^      ^,     .  {  Assoc.  M.  Nov.       1,  1910 

Guanajuato,  Mexico ) 

Williams,  Enrique  Ruiz.     Locating  Engr.,  Cuban  Central 

Rys.  Co.,  Ltd.,  Sagua  La  Grande,  Cuba Dec.       6,  1910 

Williamson,  Harry.  Sectional  Engr.,  Buenos  Aires  & 
Pacific  Ry.  Co.,  Ltd.,  Bahia  Blanca,  Argentine 
Republic Oct.       4,  1910 

associate 

Belknap,  Robert  Ernest.  Chicago  Sales  Agt.,  The  Penn- 
sylvania Steel  Co.,  193  Michigan  Ave.,  Room  1007, 
Chicago,    111 Jan.       3,  1911 

juniors 

Baker,  Ned  Duncan.     Engr.  Tnsp.,  California  State  Board 

of    Health,    Sacramento,    Cal Dec.       6,  1910 

Bhagwat,    Shanker    Ramchandra.       Lecturer     in    Eng., 

Coll.    of    Science,    192    Sadashiv    Peth,    Poona    City, 

India \       Oct.        4,  1910 

BoiG,  Alexander  Fletcher.     Asst.,  Penn.  Bridge  Co.,  520 

Thirty-fifth  St.,  Beaver  Falls,  Pa Nov. 

BowERMAN,  Edwin  Roy.     Fairport,  N.  Y Jan. 

BuELL,  Walter  Augustus.    540  West  113th  St.,  New  York 

City Oct. 

Caspari,    Frederick    William.      Asst.    Engr.,    Baltimore 

Sewerage  Comm.,  902  American  Bldg.,  Baltimore,  Md.     Nov. 
Day,    Warren    Ellis.      Draftsman,    Oakdale    Irrig.    Dist., 

Oakdale,    Cal Dec. 

Eddy,  Adolphus  James.     Instr.  in  Civ.  Eng.  Dept.,  Univ. 

of   California,   Berkeley,    Cal Dec. 

Fleecer,    Burtneb.     With    Pittsburg   Steel    Foundry    Co., 

428  Kelly  Ave.,  Wilkinsburg,  Pa Dec. 

Graham,  John  William.     Asst.  Engr.,  llth  Dist.,  Bureau 

of  Public  Works,  Cebu,  Cebu,  Philippine  Islands.  .  .  .      Oct. 
Harrington,  Arthur  William.     Asst.   Engr.   with  L.   B. 

Cleveland,  416  Stone  St.,  Watertown,  N.  Y Dec. 

Kesner,    Henry    James.      Instr.    in    Civ.    Eng.,    Univ.    of 

California,  Care,  Faculty  Club,  Berkeley,  Cal Dec. 

Learned,  Albert   Preisach.     Instrumentman,  Cherryvale, 

Oklahoma  &  Texas   Ry.,   Nowata,   Okla Dec. 


1, 

3, 

1910 
1911 

4, 

1910 

1, 

1910 

6, 

1910 

6, 

1910 

6, 

1910 

4, 

1910 

6, 

1910 

6, 

1910 

6, 

1910 
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JUNIORS    ( Continued. )  ,,  Date  of 

Membership. 

Moore,  Walter  Smyth.  Draftsman,  Louisville  &  Nash- 
ville R.  R.,  952  Fourth  St.,  Louisville,  Ky Dec.       6,  1910 

Nagel,  Theodore.  Supt.  of  Works,  National  Metal  Mould- 
ing Co.,  Economy,  Pa.;  Address,  Wilmar  Apartments, 
Craig  and  Forbes  Sts.,  Pittsburg,  Pa Dec.       6,  1910 

Poole,  Ruble  Isaac.  Instr.,  Dept.  of  Civ.  Eng.,  The  North 
Carolina  Coll.  of  Agriculture  and  Mechanic  Arts, 
Lock  Box  128,  West  Raleigh,  N.  C Dec.       6,  1910 

RoBEBG,  Ralph  Mason.     Care,  H.  L.  Stevens  Co.,  510  Hall 

Bldg.,  Kansas  City,  Mo Sept.     6,  1910 

Smith,   Lewis    Ruffner,  Jr.      Care,   Great  Northern   Ry. 

Co.,  Wellington,  Wash Dec.       6,  1910 

Spebby,  Austin  Russell  Willard.     Chf.  Insp.,  Associated 

Pipe  Line  Co.,  2328  Webster  St.,  Berkeley,  Cal Dec.       6,   1910 

Sun,  Taoyuh  Clarence.     Asst.  Engr.  on  Kir  in  &   Chang 

Chung  R.  R.,  15  Peking  Rd.,  Shanghai,  China Oct.        4,  1910 


RESIQNATIONS 


'  MEMBERS  Date  of 

Resignation. 

Aertsen,    Guilliaem Dec.  31,  1910 

Safeord,  Vinton  Putnam Dec.  31,  1910 

associate  members 

Jackson,  James  Madison Dec.  31,  1910 

Nichols,   Adelbebt   Reid Dec.  31,  1910 

Opsahl,  Hilmab  Torleiv Dec.  31,  1910 

Peterson,    John Dec.  31,  1910 

Thomas,  Samuel  Richards Dec.  31,  1910 

associates 

Piper,  Alexander  Ross Dec.  31,  1910 

juniors 

Apple,  Charles  E Dec.  31,  1910 

Benton,  Lewis  Steuerwald Dec.  31,  1910 

Doe,  Charles  Lee Dec.  31,  1910 

Gast,  E.  Albert Dec.  31,  1910 

Greene,  Francis  Ingraham Dec.  31,  1910 

Ketchum,    Morris Dec.  31,  1910 

Libbey,  James  Templeton Dec.  31,  1910 

Shiebler,    Marvin Dec.  31,  1910 

Wilder,  Alvin  Dumond Dec.  31,  1910 
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DEATHS 

Bell,  Hicnry  PuhuON.  Elected  Member,  June  4tli,  1884;  date  of  deatli 
unknown. 

Bkownk,  William  Komaa'.  Elected  Member,  June  1st,  1898;  died  Septem- 
ber 3d,  1908. 

Watson,  William  Parsoxs.  Elected  Member,  June  l3t,  1887;  died  Decem- 
ber 19th,  1910. 


Total  Membership  of  the  Society,  January  loth,  1911, 
5814. 


u 


CURRENT    ENGINEERING    LITERATURE 


[Society 


MONTHLY    LIST  OF   RECENT   ENGINEERING   ARTICLES  OF 

INTEREST 

(December    13th,    1910,    to    January    7th,    1911) 

Note. — This  list  is  published  for  the  purpose  of  placing  "before  the 
members  of  the  Society,  the  titles  of  current  engineering  articles, 
which  can  be  referred  to  in  any  available  engineering  library,  or  can  be 
procured  by  addressing  the  publication  directly,  the  address  and  price 
being  given  wherever  possible. 

LIST  OF  PUBLICATIONS 

In  the  subjoined  list  of  articles,  references  are  given  by  the  number 
prefixed  to  each  journal  in  this  list: 


(1)  Journal,     Assoc.      Eng.      Soc,      31 

Milk    St.,    Boston,    Mass.,    30c. 

(2)  Proceedings,  Engrs.   Club  of  Phila., 

1317     Spruce     St.,     Philadelphia, 
Pa. 

(3)  Journal,    Franklin    Inst.,    Philadel- 

phia,   Pa.,   50c. 

(4)  Journal,    Western    Soc.    of    Engrs., 

Monadnock  Blk.,  Chicago,   111. 

(5)  Transactions,     Can.      Soc.      C.      E., 

Montreal,    Que.,    Canada. 

(6)  School     of     Mines     Quarterly,     Co- 

lumbia   Univ.,    New    York    City, 
50c. 

(8)  Stevens  Institute  Indicator,  Stevens 

Inst.,   Hoboken,  N.  J.,   50c. 

(9)  Engineering    Magazine,    New    York 

City,   25c. 

(10)  Cassier's  Magazine,  New  York  City, 

25c. 

(11)  Engineering       (London),       W.       H. 

Wiley,    New   York    City,    25c. 

(12)  The     Engineer     (London),      Inter- 

national    News    Co.,     New    York 
City,    35c. 

(13)  Engineering  News,  New  York  City, 

15c. 

(14)  The  Engineering  Record,  New  York 

City,    12c. 

(15)  Railway    Age    Gazette,    New    York 

City,    15c. 

(16)  Engineering    and    Mining    Journal, 

New  York  City,   15c. 

(17)  Electric     Railway     Journal,     New 

York    City,    10c. 

(18)  Railway    and   Engineering    Review, 

Chicago,   HI.,   10c. 

(19)  Scientific      American      Supplement, 

New  York   City,    10c. 

(20)  Iron   Age,   New  York   City,    10c. 

(21)  Railway    Engineer,    London      Eng- 

land,   25c. 

(22)  Iron  and  Coal  Trades  Review,  Lon- 

don,  England,   25c. 

(23)  Biilletin,   American    Iron    and    Steel 

Assoc,    Philadelphia,    Pa. 

(24)  American   Gas   Light  Journal    New 

York   City,    lOc! 

(25)  American      Engineer,      New      York 

City,    20c. 

(26)  Electrical    Review,     London      Eng- 

land. 

(27)  Electrical    World,    New    York    Citv 

10c.  ^' 


(28)  Journal,      New      England      Water- 

Works  Assoc,   Boston,  Mass.,  $1. 

(29)  Journal,     Royal     Society     of     Arts, 

London,    England,    15c. 

(30)  Annates    des     Travaux    Publics    de 

Belgique,    Brussels,    Belgium. 

(31)  Ajinales  de  1' Assoc,  des  Ing.   Sortis 

des     Ecoles     Speciales    de    Gand, 
Brussels,    Belgium. 

(32)  MSmoires     et     Compte     Rendu     des 

Travaux,     Soc.       Ing.       Civ.     de 
France,    Paris,    France. 
(-^3)    Le  Genie  Civil,  Paris,  France. 

(34)  Portefeuille    Economiques    des    Ma- 

chines,  Paris,   France. 

(35)  Nouvelles  Annales  de   la  Construc- 

tion, Paris,   France. 

(37)  Revue  de  Mecanique,  Paris,  France. 

(38)  Revue    Gen^rale     des     Chemins    de 

Fer     et     des     Tramways,     Paris, 
France. 

(41)  Modern    Machinery,     Chicago,     111., 

10c. 

(42)  Proceedings,       Am.       Inst.       Elec. 

Engrs.,    New   York   City,    50c. 

(43)  Annales    des    Pontes    et    Chaussies, 

Paris,  Prance. 

(44)  Journal,    Military    Service    Institu- 

tion, Governors  Island,  New  York 
Harbor,    50c. 

(45)  Mines  and  Minerals,  Scranton,  Pa.. 

20c. 

(46)  Scientific     American,      New      York 

City,  8c. 

(47)  Mechanical    Engineer,    Manchester, 

England. 

(48)  Zeitschrift,    Verein    Deutscher    In- 

genleure,    Berlin,    Germany. 

(49)  Zeitschrift    filr    Bauwesen,    Berlin, 

Germany. 

(50)  Stahl   und   Eisen,   Dusseldorf,    Ger- 

many. 

(51)  Deutsche   Bauzeitung,    Berlin,    Ger- 

many. 

(52)  Rigasche    Industrie-Zeitung ,    Riga, 

Russia. 

(53)  Zeitschrift,     Oesterreichischer      In- 

gcnieur   und   Architekten   Verein, 
Vienna,    Austria. 

(54)  Transactions,  Am.   Soc.   C.   E     New 

York   City,    $4. 

(55)  Transactions,  Am.   Soc.   M.  E     New 

York   City,   $10. 

(56)  Transactions,       Am.       Inst.        Min 

Engrs.,    New   York    City,    $5. 
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(57)  Colliery     Guardian,    London,     Eng- 

land. 

(58)  Proceedings,    Engrs.'    Soc.    W.    Pa., 

S03      Fulton      Bldg.,      Pittsburg, 
Pa.,    50c. 
(5\))    Transactions,  Mining  Inst,  of  Scot- 
land,     London     and     Newcastle- 
upon-Tyne,    England. 

(60)  Municipal       Engineering,       Indian- 

apolis,   Ind.,    25c. 

(61)  Proceedings,        Western        Railway 

Club,   225  Dearborn  St.,  Chicago, 
111.,    25c. 

(62)  Industrial     World,     59     Ninth     St., 

Pittsburg,    Pa. 

(63)  Minutes  of  Proceedings,  Inst.  C.  E., 

London,  England. 

(64)  Power,   New   York  City,   20c. 

(65)  Official      Proceedings,      New      York 

Railroad   Club,    Brooklyn,    N.    Y., 
15c. 

(66)  Journal    of    Gas    Lighting,    London, 

England,   15c. 

(67)  Cement     and     Engineering     News, 

Chicago,    111.,    25c. 

(68)  Mining  Journal,  London,  England. 

(70)  Engineering      Review,      New      York 

City,    10c. 

(71)  Journal,  Iron  and  Steel  Inst.,   Lon- 

don,  England. 
(71a)    Carnegie       Scholarship       Memoirs, 
Iron     and     Steel     Inst.,     London, 
Elngland. 

(73)  Electrician,   London,    England,   18c. 

(74)  2'ransaetions,     Inst,     of     Min.     and 

Metal.,    London,    England. 

(75)  Proceedings,   Inst,  of  Mech.   Engrs., 

London.    England. 

(76)  Brick,   Chicago,   111.,   10c. 

(77)  Journal,  Inst.  Elec.  Engrs.,  London, 

England. 

(78)  Beton    und  Eisen,  Vienna,    Austria. 

(79)  Forscherarbeiten,    Vienna,    Austria. 

(80)  Tonindustrie   Zeitung,   Berlin,    Ger- 

many. 

(81)  Zeitsehrift  fiir  Architektur  und  In- 

genieurwesen,     Wiesbaden,     Ger- 
many. 
(83)   Prooressive    Age,    New    York    City, 
15c. 


(84)  Le   Ciment,   Paris,    France. 

(85)  Proceedings,  Am.   Ry.   Eng.   and  M. 

of  W.  Assoc,  Chicago,  111. 

(86)  'Enijineering-Contracting,      Chicago, 

ill.,   10c. 

(87)  Roadmaster  and  Foreman,  Chicago, 

111.,   10c. 

(88)  Bulletin    of    the    International    Ry. 

Congress    Assoc,    Brussels,    Bel- 
gium. 

(89)  Proceedings,   Am.    Soc.   for   Testing 

Materials,    Philadelphia,   Pa. 

(90)  Transactions,        Inst.        of        Naval 

Archts.,    London,    England. 

(91)  Transactions,     Soc.     Naval    Archts. 

and    Marine    Engrs.,    New    York 
City. 

(92)  Bulletin,       Soc.       d'Encouragement 

pour  rindustrie  Nationale,  Paris, 
France. 

(93)  Revue  de  MMallurgie,  Paris,  France, 

4   fr.   50. 

(94)  The  Boiler  Maker,  New  York  City, 

10c. 

(95)  International    Marine    Engineering, 

New  York  City,   20c 

(96)  Canadian    Engineer,    Toronto,    Ont., 

Canada,  15c. 

(97)  Turbine,  Berlin,   Germany,   1  Mark. 

(98)  Journal,      Engrs.      Soc.      Pa.,      219 

Market  St.,  Harrisburg,  Pa.,  30c. 

(99)  Proceedings,  Am.  Soc.  of  Municipal 

Improvements,    New    York    City, 
$1.50. 

(100)  Professional     Meynoirs,     Corps     of 

Engrs.,     U.     S.     A.,     Washington, 
D.    C,    $1. 
(\Q\)  Metal     Worker,     New     York    City, 
10c. 

(102)  Organ    fiir      die    Fortschritte    des 

Eisenbahnwesens,  Wiesbaden, 

Germany. 

(103)  Mining    and   Scientific    Press,    San 

Francisco,  Cal.,  10c. 

(104)r7ie  Surveyor  and  Municipal  and 
Co-unty  Engineer,  London,  Eng- 
land,  6d. 

{\05)  Metallurgical  and  Chemical  En- 
gineering, New  York  City,  25c. 


LIST  OF  ARTICLES. 

Bridges. 

Reconstruction   of  the   Steubenvllle   Bridge.*      (14)      Nov.   26. 

Permeable  Dike  Construction  for  Protecting  a  Bridge  Substructure,  Chicago,  Mil- 
waukee  &    St.   Paul   Ry.*      (87)      Dec. 

Steel  Arched  Ribs  for  Railway  Bridges.*      (12)      Dec.  9. 

The  Asylum  Ave.  Concrete  Viaduct,  Knoxville,  Tenn.*  L.  W.  Fricrson.  (13) 
Dec.   15. 

Reinforced   Concrete  Work  on  the  Northern   Pacific*      (15)      Dec.   16. 

The   New   Charles   River   Bridge,    Boston    Elevated   Railway.*      (14)      Dec.    17. 

The   Baltimore  &  Ohio   Viaduct  over  Brandywine  Creek.*      (14)      Dec.   17. 

Erecting  a  Bridge  on   a  High  Falsework  Tower.*      (14)      Dec.   17. 

Queen  Street  Bridge,  Toronto.*  R.  E.  Chadwick.  (Paper  read  before  the  Engrs. 
Club   of   Toronto.)       (96)      Dec.    29. 

Incidents  in  the  Construction  of  the  Miles  Glacier  Bridge.*      (14)      Dec.  31. 

The   New  Kentucky   River  High   Bridge.*      (14)      Dec.    31. 

Replacing   Foundations   of   a  Steel   Bridge   over   a   Railroad.*      (14)      Dec.   31. 

The  Erection  of  the  Shepherdstown  Viaduct.*      (14)      Dec.   31. 

Deduction  of  a  New  Rational  Formula  for  the  Most  Economic  Length  of  Each  of  a 
Series  of  Bridge  Spans.      (86)      Jan.   4. 

New   Street   Viaducts   at   Denver,   Colo.*      (13)      Jan.    5. 
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Bridges— (Continued). 

French    Broad   River   Bridge,    Southern   Railway.*      (14)      Jan.    7. 

Viaduc  do  Sakauo,    sur   I'lsonzo,   Chemin   de  Per  de   Vochein   H  Goritz    (Autriche).* 

(35)      Dec. 
Beitrag  zur  Berechnung  von  Gewolben  mlt  Zwischenpfeilern.*     Robert  Otzen.      (51) 

Sup.   No.   24,    1910. 
Theorie   des   elastischen    Kreisbogens.*      Karl    Federhofer.      (81)      Serial    beginning 

1910.   Pt.   6. 
Kanalbriicken.*     F.    Steinleitner.      (78)      Serial    beginning    Dec.    14. 

Electrical. 

An  Electric  Gas  Meter.*      Carl  C.  Thomas.      (55)      Vol.  31. 

A  New  Form   of  Non-inductive,  Low-Resistance  Standard  or   Shunt.*      C.   V.   Drys- 

dale.      (73)      Dec.    9. 
A     Proposed     Cable    Receiver    Employing    the    Principle    of    Light    Interference.* 

Albert  C.   Crehore  and  Geo.   O.   Squier.      (73)      Dec.   9. 
A  New  Generating  Set  at  the  Felixstowe   Electricity  Works.*      (12)      Dec.   9. 
Economy  in  Electrically  Operated  Shovels.*     W.  H.  Patterson.      (From  The  Electric 

Journal.)       (62)      Dec.    12. 
Interconnected   Electrical  Transmission   System.*      (27)      Dec.    15. 
The    Singing-Spark     System    of    Wireless    Telegraphy.*     William     Dublller.      (27) 

Dec.    15. 
Solution  of  Problems  in  Star-Connected  Unbalanced  Three-Phase  Circuits.     Chesley 

H.    Johnson.      (27)      Dec.    15. 
The   Electric   Lighting   of   a   Suburban   Railway    Station.*      (73)      Dec.    16. 
The    Telephone    Works     of    the     Western     Electric     Co.,     Ltd.,     Woolwich.*      (26) 

Dec.    16. 
Electrical    Properties    of    Compound    Wires.*     Frank    F.    Fowle.      (27)      Serial    be- 
ginning Dec.   22. 
Some  Tubular  Resistance  Furnaces.*      Albert  A.   Somerville.      (27)      Dec.  22. 
Public    Lighting   in    the    City   of   London.*      (26)      Serial    beginning    Dec.    23;    (73) 

Serial    beginning    Dec.    16. 
Electric  Driving  of  Textile  Machinery,  the  Ray  Mills,  Stalybridge.*      (26)      Dec.  23. 
Recent  Progress  in   Electric  Lighting.*      E.  W.  Marchant.      (Abstract  of  paper  read 

before  the   Ilium.   Eng.    Soc.)       (73)      Dec.    23. 
Magnetic  Hysteresis  at  the  Temperature  of  Liquid  Air.     R.  Beattie  and  H.  Gerrard. 

(73)      Dec.  23. 
Government    Specifications    for    Electrical     Apparatus.      Charles    F.     Scott.      (Paper 

read    before    United    States    Engr.    School.)       (100)      Jan. 
Field  Searchlights.*      Earl  Wheeler  and  W.  H.  Rose.      (100)      Jan. 
Hysteresis  and  Eddy  Current  Exponents  for  Silicon  Steel.     W.  J.  Woolridge.      (42) 

Jan. 
Commercial  Problems  of  Transformer  Design.      H.  R.  Wilson.      (42)      Jan. 
Tests   of  Losses  on   High   Tension   Lines.*      G.   Faccioli.      (42)      Jan. 
The   Temperature   Gradient   in   Oil    Immersed    Transformers.      James    Murray   Weed. 

(42)      Jan. 
Open    Atmosphere    and    Dry   Transformer   Oil    as   High-Voltage    Insulators.*      Harris 

J.   Ryan.      (42)      Jan. 
High-Voltage  Line  Loss  Tests  Made  on   the   100-Kilovolt   60-Cycle  180-Mile  Trans- 
mission Line  of  the  Central  Colorado  Power  Company.*    E.  L.  West.     (42)     Jan. 
Design,  Construction  and  Test  of  an  Artificial  Transmission  Line.*      J.  H.  Cunning- 
ham.     (42)      Jan. 
Quarry  Street  Station  Completed,  the  Latest  Generating  Plant  of  the  Commonwealth 

Edison   Company.*      (27)      Jan.   5. 
Underground    Installation    at   Middletown,    Ohio.*      (27)      Jan.    5. 
A   Huge   Electrically   Driven   Clock.*      (46)      Jan.    7. 
Transmission     de     I'Heure     par     la     Telegraphic     sans     Fils.*       M.     Bdache.        (33) 

Dec.   10. 
Das    Elektrotechnische    Versuchfeld    der    Technischen    Hochschule    zu    Berlin.*      W. 

Reichel   und    M.   Gerstmeyer.      (48)      Dec.    17. 

Marine. 

Marine  Producer  Gas  Power,  A  Comparison  of  Producer-Gas  and  Steam  Equip- 
ments.*     C.    L.    Straub.      (55)      Vol.    31. 

The   Paddle   Steamer    Weeroona.*      (12)      Dec.   9. 

The  Yacht   Mohaiok*      (11)      Dec.   16. 

A  3  000- Yard   Steel   Dump   Scow.      (14)      Dec.    17. 

Renewing  Lock  Gates  on  the  Kanawha  River.*  Thomas  E.  Jeffries.  (14)  Dec.  24; 
(100)   Jan. 

Four  Recent  Types  of  Dreadnoughts.*  Luigl  Barberis.  (From  Rivista  Marit- 
thna.)      (19)      Dec.   31. 

Dreadnoughts,   What  Are  They?*      Sidney  Graves  Koon.      (9)      Jan. 

Chantier   et   Ateliers   de   St.   Nazaire.*      (11)      Dec.    23. 
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Mechanical. 

Safety   Valve  Capacity.*      Philip   G.   Darling.      (55)      Vol.   31. 

A  Unique   Belt  Conveyor.*      E.   C.   Poper.      (55)      Vol.   31. 

Automatic    Feeders    for   Handling    Material    in    Bulk.*     C.    Kemble    Baldwin.      (55) 

Vol.   31. 
A  New  Transmission  Dynamometer.*     Wm.  H.  Kenerson.      (55)      Vol.   31. 
Testing    Suction    Gas    Producers    With    a    Koerting    Ejector.*      C.    M.    Garland    and 

A.    P.    Kratz.      (55)      Vol.    31. 
Bituminous    Gas    Producers,    With    Special   Reference  to   Tests   on    the   Double   Zone 

Type.*      J.  R.   Bibblns.      (55)      Vol.  31. 
The  Bucyrus   Locomotive  Pile   Driver.*      Walter  Ferris.      (55)      Vol.   31. 
The  Best  Form  of  Longitudinal  Joint  for  Boilers.*      F.  W.   Dean.      (55)      Vol.   31. 
Governing  Rolling   Mill   Engines.*      W.   P.    Caine.      (55)      Vol.    31. 
An    Experience    With    Leaky    Vertical    Fire-Tube    Boilers.*     F.    W.     Dean.      (55) 

Vol.    31. 
Tan   Bark  As  a  Boiler  Fuel.*     David   Moffat  Myers.      (55)      Vol.   31. 
Polishing   Metals   for   Examination   with   the  Microscope.     Albert   Kingsbury.      (55) 

Vol.   31. 
The  Transmission  of  Power  by  Leather  Belting.*      Carl   G.  Barth.      (55)      Vol.  31. 
Line-Shaft   Efficiency,    Mechanical   and   Economic*      Henry   Hess.      (55)      Vol.   31. 
The   Pitot    Tube    ns    a    Stonm    Meter.*      Geo.    F.    Gebhardt.       (55)       Vol.    31. 
Efficiency  Tests  of  Steam-Turbine  Nozzles.*      Frederick  H.  Sibley  and  T.  S.  Kemble. 

(55)      Vol.   31. 
Cooling  Towers  for  Steam  and  Gas  Power  Plants,  with  Particular  Reference  to  the 

Possibilities   of  the   Natural-Draft   and   Auxiliary-Draft   Type.*      J.   R.    Bibbins. 

(55)      Vol.    31. 
The  Specific  Volume  of  Saturated  Steam.*      C.  H.  Peabody.      (55)      Vol.  31. 
Some   Properties   of    Steam.*      R.    C.    H.    Heck.      (55)      Vol.    31. 
Operation  of  a  Small  Producer  Gas  Power  Plant.*      C.  W.  Obert.      (55)      Vol.  31. 
Offsetting    Cylinders    in    Single-Actlng    Engines.*     Thurston    M.    Phetteplace.      (55) 

Vol.   31. 
Small    Steam   Turbines.*     George   A.    Orrok.      (55)      Vol.    31. 

Description   of  the  Broxburn  Works  of  the  Broxburn  Oil  Company,  Limited.     Wil- 
liam   Love.      (59)      Vol.    33,    Pt.    1. 
The   Equipment   of    the   Cement   Mill    of   the   Portland    Cement   Company   of   Utah.* 

(67)      Dec. 
Rope   Driving.*     Thomas   Hart.      (22)      Dec.   2. 
Carbonization.*      Harold    G.    Colman.       (Paper    read    at    Manchester    Univ.)       (66) 

Dec.    6. 
Critical  Speeds  for  Torsional  and  Longitudinal  Vibrations.*     Arthur  Morley.      (11) 

Dec.    9. 
Modern   Manufacturing  Power  Plant.*      Warren   O.  Rogers.      (64)      Dec.   13. 
Smoke    and    Its    Prevention.     Vivian    B.    Lewes.      (Paper    read    before    the    London 

Inst.)       (66)      Dec.    13. 
Electrically   Operated    Shovels.*     W.    H.    Patterson.      (From   the   Electric   Journal.) 

(86)      Dec.    14. 
Cost   of   Quarrying   and    Crushing   Stone    and   of  Dredging   Sand   for   Concrete   Con- 
struction  on   the   Panama  Canal.*      (86)      Dec.   14. 
Manufacturing  Illuminating  Gas   in   By-Product  Ovens.*      J.   D.  Forrest.      (Abstract 

of   paper   read   before  the   Ind.   Eng.    Soc.)       (13)      Dec.   15. 
The    Practical    Use   of   the   Automobile   Fire    Engine   as   a   Fire-Fighting   Apparatus. 

Chas.  S.  Allen.      (Paper  read  before  the  Internat.  Assoc,  of  Fire  Engrs.)      (96) 

Dec.   15. 
The     Structural     Engineering    of     Motor-Cars.*      John     L.     Milligan.      (Abstract     of 

paper  read  before  the  Manchester  Assoc,   of  Engrs.)       (47)      Dec.  16. 
The  First  Marine  Aeroplane.*      (46)      Dec.   17. 
Plant    of    the    Mt.    Pleasant-Connellsville    Coke    Company.*     W.    O.    Abbott.      (62) 

Dec.   19. 
Western   Union  Plant   In  Chicago.*     Osborn  Monnett.      (64)      Dec.   20. 
Institution  of  Gas  Engineers — Standard   Specification  for  the  Manufacture  and  Test- 
ing of  Retort  Material.      (66)      Dec.   20. 
Friction   In   Small   Air  Pipes.*      (86)      Dec.   21. 
The  Effect  of  Keyways  on  the  Strength  of  Shafts.*     Herbert  F.  Moore.      (Abstract 

from   Bui.   Univ.   of  111.)       (47)      Dec.    23. 
Jet  V.  Surface  Condensers.     R.  M.  Neilson.      (12)      Dec.  23. 

The  Determination  of  Pulley  and  Belt  Sizes.*     C.   B.  Mills.      (From  Electric  Jour- 
nal.)      (47)      Dec.    23. 
The   Use   of  Gas    in   Metal    Melting.     L.   F.   Tooth.      (Paper   read   before   the  Junior 

Gas   Assoc.)       (22)      Dec.    23. 
Time-Recording  and   Signalling  Apparatus.*      (47)      Serial   beginning  Dec.   23. 
Engines    with    Reheaters.     A.    C.    Wilson.      (Paper    read    before    the    Manchester 

Univ.    Eng.    Soc.)      (47)      Dec.    23. 
Determining   the   Height   of   Aeroplanes.*     Renard.      (19)      Dec.    24. 
Performance  of  a  Gas  Power  Plant  Using  Lignite.*     A.  M.  Levin.      (64)      Dec.   27. 
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Mechanical— (Continued). 

The  Whitehall   Buildings  Mechanical  Plant.*     Charles  H.  Hughes.      (20)      Dec.   29. 
Needle    Jets    of    Superheated    Steam    to    Prevent    Smoke:    the    Luckenbach    Boiler 

Furnace.*      (13)      Dec.    29. 
Advantages,   Operating   Conditions   and  Applications  of   Small   Exhaust   Steam   Tur- 
bines.*     A.    Eugene   Michel.      (96)      Dec.    29. 
Reinforced-Concrete   Boiler   Settings.     W.   H.    Weston.      (9)      Jan. 
Kerosene    as    Fuel.*     George    M.    Holley.      (Paper    read    before    the    Nat.    Gas    and 

Gasoline  Engine  Trades  Assoc.)      (62)      Jan.   2. 
Modern    Steam    Superheaters.*     Warren    O.    Rogers.      (64)      Jan.    3. 
The   Influence   of  the   Cylinder   Wall.*      V.   Dwelshanvers-Dery.      (64)      Jan.   3. 
Setting  Horizontal  Tubular  Boilers*      S.  F.   Jeter.      (64)      Jan.   3. 
The    Progress    of    Mechanical    Engineering    in    the    Foundry.*     George    K.    Hooper. 

(20)      Jan.    5. 
Sulphur   Compounds    in    Gas,    An    Investigation    at   Newcastle.     P.    Phillips    Bedson. 

(66)      Dec.   27. 
The  Republic   Iron  and  Steel  Company's  New  Tube  Works.*      (20)      Jan.   5. 
A  Rock  Crushing  and  Storage  Plant  at  Tomkins  Cove,  N.  Y.*      (14)      Jan.  7. 
Le  Tracteur-Treuil.*      A.   Bajac.      (92)      Nov. 
Un   Moteur  a  Deux   Temps.      Cote.      (92)      Nov. 
Notes  sur  une  Mfithode  Graphique  pour  le  Calcul  des  Volants.*     C.   Colombi.      (37) 

Nov.    30. 
Nouveaux  Essais  sur  les  Roulements  a  Billes  et  a  Rouleaux.*     Ch.  Gfigauff.      (33) 

Dec.    3. 
Stations  Centrales  a  Gaz  Pauvre  et  k  Moteurs  Diesel,  a  Huile  Ijourde.*     P.  Calfas. 

(33)      Dec.   24. 
Etude  d'un  Aeroplane  a  Vitesse  Variable.*      (33)      Dec.  24. 

Gewinde-Herstellung  auf  doppelten   Langfrasmaschinen.*      Mayr.      (102)      Dec.   1. 
Magnetkrane.*     C.  Michenfelder.      (48)      Dec.  3. 

Die  Berechnung  rotierender  Trommeln.*      R.  Lorenz.      (48)      Dec.   3. 
Versuche  und  Erfahrungen  mit  Turbinenschaufeln   in  der  deutschcn  Kriegsmarine.* 

Schulz.      (97)      Serial  beginning  Dec.   5. 
Serie-Parellel-Turbinen ;    Dampfturbinen    fiir    intermittierenden    Betrieb   mit  Frisch- 

und   Abdampf.*     Alzey.      (97)      Dec.   5. 
Die  Brikettierung  von  Guss-  und  Bisenspanen  und  ihre  Schmelzung  im  Kupolofen.* 

A.   Messerschmitt.      (50)      Dec.   7. 
Die   Verbrennung   beim   Betriebe   von   Giessereiflammofen.*    Erich  Rosenberg.      (50) 

Dec.   7. 
Neuere    Zentrifugalpumpen ;     Allgemeines,     Konstruktionstypen     und     Anwendungs- 

gebiete.*     G.   Ziehn.      (97)      Serial  beginning  Dec.  20. 

Metallurgical. 

A  Research  on  the  Hardening  of  Carbon  and  Low-Tungsten   Tool-Steels.*      Shipley 

N.   Brayshaw.      (75)      April. 
A    New    Electric    Furnace    for    Steel    Melting    and    Refining.*     J.    Harden.      (22) 

Dec.    2. 
Electric    Power    Required    to    Melt    Metals.     Joseph    W.    Richards.      (Abstract    of 

paper  read  before  the  Amer.  Brass  Founders  Assoc.)      (22)      Dec.  2. 
Composition  of  Brasses,  Bronzes,  and  Other  Non-Ferrous  Metals.      (47)      Dec.  9. 
Successive  Stages  in  Flame  of  Copper  Converter.     Donald  M.  Levy.      (16)      Dec.  17. 
The  Clancy  Process.     J.  C.   Clancy.      (Abstract  of  a  paper  read  before  the  Electro- 
chemical Soc.)       (103)      Dec.   31. 
Analyse  Quantitative  Micrographique  des  Aciers  au   Carbone  a  I'Usage  des  M6canl- 

ciens.*      F.    Robin.      (37)      Nov.    30. 
Application  de  la  M§thode  d'Analyse  Thermique  aux  Alliages  Ternaires.*     A.  Por- 

tevin.      (93)      Dec. 
Notes  sur  la  Reduction  Directs  du  Mineral  de  Fer  au  Four  Electrique.*     G.  Arnou. 

(93)      Dec. 

Military. 

Field   Searchlights.*     Earl  Wheeler  and  W.  H.  Rose.      (100)      Jan. 
L'Artillerie  Sp6ciale  centre  les  Dirigeables  et  les  A6roplanes.*     G.  Espltalller.      (33) 
Dec.  17. 

Mining. 

Tests  Upon   Compressed   Air   Pumping   Systems   of   Oil   Wells.*     Edmund   M.    Ivens. 

(55)      Vol.   31. 
Description    of   the    Broxburn    Oil    Company's    Mines   to    the   Dunnet    Shale    Seam.* 

William    Clark.      (59)      Vol.    33,    Pt.    1. 
The    Principles    and    Practice    of    Coal    Washing.     Prof.    Louis.      (Paper    read    at 

University   College,    Nottingham.)      (22)      Dec.    2. 
The   Explosibility  of  Coal   Dust.*      (12)      Serial   beginning  Dec.   9. 
Electrically-Driven  Winding  and  Haulage  Gears.*      (12)      Dec.   9. 
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Mining— (Continued.) 

The  Electrically  Driven  Tin  Mines  at  Fusing  Bharu  and  Slputeh.*      (73)      Dec.  9. 
The    Earthed    Concentric    System    for    Direct-Current    Colliery    Cables.     W.    Bolton 

Shaw.      (Paper   read  before  the  Inst,  of  Min.   Elec.  Engrs.)       (73)      Dec.   9. 
The    Clifton-Morenci     District    of    Arizona.*     William     L.     Tovote.      (103)      Serial 

beginning   Dec.    10. 
Oil   Weil    Drilling   in   California.      William   R.    Jewell.      (103)      Dec.    10. 
The  Safety  Lamp  and  the  Estimation  of  Firedamp.*     Geo.  H.  Winstanley.      (Paper 

read    before     the     Manchester     Geol.     and     Min.     Soc.)       (57)     Dec.     16;     (22) 

Dec.   16. 
Mine  Surveying  Methods  Employed  at  Butte,  Mont.*      Paul  A.  Gow.      (16)      Dec.  17. 
Designing   a  Thousand-Ton   Concentrating  Plant.*     Charles  C.    Christensen.      (103) 

Dec.    17. 
The   Couplings   Used   in  German   Collieries.*     O.    Schulz.      (From   Gliickauf.)      (57) 

Dec.    23. 
The   Design    of    Screening   Plants   for    Old    and    Modern    Collieries.*     J.    S.    Barnes. 

(12)  Serial    beginning    Dec.    23. 

Fast  Driving  at  the  Goldfleld  Consolidated  Mines.     Claude  T.  Rice.      (16)      Dec.  24. 
Hydrometallurgical    Operations   at    Cobalt.*      John    Tyssowskl.      (16)      Dec.    24. 
Revised  Flow  Sheet  of  Utah  Copper  Mill.*      Claude  T.  Rice.      (16)      Dec.  24. 
A    Comparison    of    Electric    and    Gasoline    Driven    Blast-Hole    Drills.     B.    G.    Cope. 

(13)  Dec.    29. 

Future  of  Dredging.     Charles  Janin.      (103)      Dec.  31. 

Amalgamation  Following  Fine  Grinding.*      C.  F.   Spaulding.      (103)      Dec.  31. 

Slime  Settler  or  Dewaterer.      Rollo  B.  Huntley.      (45)      Jan. 

Metal  Mine  Ventilation.      (45)      Jan. 

The    Old   Dominion   Pumping   System.*      R.    L.    Herrick.      (45)      Jan. 

The  Tooele  Smelter.*      C.  H.   Redpath   and   C.   M.   McGregory.      (45)      Jan. 

The  Use  of  Chlorates  in  Commercial  Explosives.*     A.   L.  Jones.      (13)      Jan.   5. 

Ueber  die  Tongewinnung  durch  Trockenbagger.*      (80)      Serial  beginning  Dec.  8. 

L'eber  Sprengmittel.      W.   Will.      (53)      Serial   beginning  Dec.   16. 

Miscellaneous. 

The  Profession  of  Engineering,  Presidential  Address   1909.     Jesse  M.   Smith.      (55) 

Vol.    31. 
The  Detection  of  Petroleum  Vapour  or  Gas.*     John  H.   Heck.      (Paper  read  before 

the  Inst,  of  Engrs.  and  Shipbuilders  in  Scotland.)       (47)      Dec.  9. 
A   Weather   Bureau   Kite.*      Alfred   J.    Henry.      (19)      Dec.    31. 
State  Regulation   of  a  Massachusetts  Telephone  Company.      (60)      Jan. 
Emploi    de    Reflecteurs    Economiseurs    pour    I'Eclairage    des    Voies    Publiques.*       A, 

Grebel.      (Z3)      Dec.    17. 

Municipal. 

The    Working    of    the    Road    Development    Act,    1909.      Reginald    Brown,    Assoc.    M. 

Inst.  C.  E.      (Paper  read  before  the  Soc.  of  Engrs.)       (104)      Dec.  9. 
Notes  on  the  Use  and   Cost  of  Concrete  Blocks  in  Roadway   Construction.*      George 

C.    Wright.      (Paper    read    before    the    National    Cement    Users'    Assoc.)      (96) 

Dec.    15. 
Asphalt   Block   Pavement   at   Washington,    D.    C.      (86)      Dec.    21. 
Cleaning  and  Watering  Streets   in  the  Great  Towns   of  England,   Scotland   and   Ire- 
land.    T.    H.    Tabbicom,    M.    Inst.    C.    E.      (Paper    read    before    the    Internat. 

Road   Congress.)       (96)      Dec.    22. 
Steam    Rolling:    A    Few    General    Remarks.      Walton    Maughan,    M.    I.    Mun.    Engrs. 

(Paper  read  before  the  Inst,  of  Mun.   Engrs.)       (104)      Dec.   23. 
Private  Street  Works  as  Administered   Under  the  Heywood   Corporation  Act,   1883.* 

Tom  Fogg.      (Paper  read  before  the  Inst,  of  Mun.  Engrs.)      (104)      Dec.  23. 
Repaving   the   "Loop"    District   in    Chicago   with   Creosoted   Wood   Block.*     William 

W.    Marr.    M.    Am.    Soc.    C.    E.      (13)      Dec.    29. 
Notes    on    Road    Construction.*     W.    Calder,    Assoc.    M.    Inst.    C.    E.      (Paper    read 

before   the    Melbourne   Univ.    Eng.    Soc.)       (96)      Dec.    29. 
Apparatus    for    Efficient    Fire    Fighting.      (60)      Jan. 
To     What     Extent     Do    Automobiles     Destroy     Our     Roads?     Logan     Waller     Page. 

(Paper  read  before  the  Southern  Appalachian  Good  Roads  Assoc.)      (60)      Jan. 
Concrete  Roads  in  Wayne  County,  Michigan.      (14)      Jan.  7. 

Experimental  Asphalt  Macadam  Pavement  at  Washington,   D.  C.      (86)      Jan.   4. 
Les   Chaussees   aux    "Petits   Paves"   on   Pavages   en  Mosaique    (Kleinpflaster).*     F. 

Thonet.      (30)      Dec. 

Railroads. 

Safety  Valves  for  Locomotives.     Frederic  M.  Whyte.      (55)      Vol.   31. 

Safety    Valve    Capacity.*      Philip    G.    Darling.      (55)      Vol.    31. 

Compounding   and    Superheating   in   Horwich    Locomotives.*      George   Hughes.      (75) 

March,   1910. 
The  Character  of  the  Hudson  Gorge  at  New  York  City.*     G.  S.  Rogers.      (6)      Nov. 


♦Illustrated. 
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Railroads— (Continued). 

The  Failures.*      J.   W.    Kelly.      (61)      Nov.   15. 

Record  of  Gravel   Ballasting,   Using  Hopper  Bottom  Coal   Cars  on  a  75-Mlle  Haul. 

D.    A.    Wallace.      (87)      Dec. 
New  Express  Engines,  North   Staffordshire  Railway.*      (12)      Dec.   2. 
The  Electrlflcation   of  the  Harton   Coal   Company's  Railways   and  Shunting  Yards.* 

A.    Schmit.      (22)      Dec.    2. 
Superheater  for   Locomotives.*      (47)      Dec.   9. 

Concrete  and  Timber  Snowsheds  on  the  Great  Northern  Ry.*      (13)      Dec.  15. 
Double  Tracking  and  Grade  Revision  on  an  Interurban  Electric  Railway.*     Luther 

Dean,    M.  Am.   Soc.    C.    E.      (13)      Dec.    15. 
Five  Years'  Development  of  German  Railways.*     W.  Peters.      (15)      Serial  beginning 

Dec.    16. 
The  Great  Western  Railway.*      (12)      Sup.  Dec.   16. 
Quality  of  Steam  and  Factor  of  Evaporation  in  Locomotive  Tests.*     J.   E.   Gardner 

and  L.  W.  Wilson.      (15)      Dec.   16. 
Heavy-Section    and    High-Carbon    Rails,    Central    R.    R.    of    New    Jersey.*      (18) 

Dec.    17;    (20)    Dec.    29. 
Physical    Valuations    and    Capitalization    of    Railways.     Slason    Thompson.      (From 

Bur.  of  Ry.  News  and   Statistics.)      (18)      Dec.  17. 
Automatic   Block   Signals  and  Train   Stops  on   Single-Track   Interurban   Line  of  the 

Washington  Water  Power  Company.*      (17)    Dec.   17;    (IS)    Dec.   16. 
New  Telephone   Train  Dispatching   System,    Southern   Ry.*      (18)      Dec.   17. 
A  Deflection  Recorder  tor  Track  Switches.*      (13)      Dec.  22. 
Recent  Developments  in  Signaling.     A.  H.  Rudd.      (Paper  read  before  the  Canadian 

Ry.    Club.)       (15)      Dec.    23. 
Van  Horn-Endsley  Spark  Arrester.*      (15)      Dec.   23. 
Balanced    Compound    Atlantic    Type   Locomotives ;    Atchison,    Topeka    &    Santa    Fe.* 

(15)      Dec.    23. 
Building  Logging  Roads  with  a  Pile  Driver.     S.   S.   Somerville.      (18)      Dec.   24. 
The   New    York   &    North    Shore  Traction    Company.*     L.    R.    Crecelius   and   R.    W. 

Emerson.      (17)      Dec.    24. 
Detectors.*     A.  H.  Johnson.      (Paper  read  before  the  Inst,  of  Signal  Engrs.)      (96) 

Dec.   29. 
A   Large   Wire  Rope  of   Unusual    Construction   for   a   Cable   Incline   of   the   Mayarl 

R.   R.,   Cuba.*      Frank  W.   Bunn,   M.   Am.    Soc.   M.   E.      (13)      Dec.   29. 
The  Western  Maryland   Extension   to  Connellsville.*      (14)      Dec.   31. 
Reinforced  Concrete  Car  House,   Dayton,   Ohio.*     J.  C.  Lathrop.      (17)      Dec.  31. 
New   Locomotive   Repair   Shops   at   Havelock,    Neb.*      (25)      Jan.;    (18)      Dec.    31; 

(15)      Jan.    6. 
The   Pilliod   Locomotive   Valve   Gear.*      (25)      Jan. 
Electrically   Operated   Turntables.*      (25)      Jan. 
High    Speed    Locomotives.      (25)      Jan. 

Standard   Locomotive   Maintenance   Practices.      (25)      Jan. 
Two-Stage   Air   Locomotives.*      (45)      Jan. 
Composite    Steel    Passenger    Equipment.*      (25)      Jan. 

4-8-0  Type  Locomotives  for  the  Norfolk  &  Western  Railway.*      (25)      Jan. 
Pneumatic  Riveter  for  Coupler  Yokes,  N.   Y.,  New  Haven  &  Hartford   R.  R.*      (25) 

Jan. 
The   Loetschberg   Tunnel.*     E.    L.    Corthell.      (13)      Jan.    5. 
Railroad  Repair  Shop  Efllciency.     Max  H.  C.  Brombacher.      (20)      Jan.  5. 
Gasoline    Locomotives    for    Construction    Work    and     Industrial    Railways.*      (13) 

Jan.    5. 
Railway   Passengers   and   Freight   Terminals   in    Large   Cities.     Frederic  A.    Delano, 

M.  Am.  Soc.  C.  E.      (From  Chicago  Tribune.)       (13)      Jan.   5. 
Four-Cylinder    Balanced    Simple    Locomotives,    Chicago,    Rock    Island    and    Pacific* 

(Abstract  of  Bui.,  Amer.  Locomotive  Co.)      (15)      Jan.  6. 
The   Clark    Blow-0£f   System.*      (15)      Jan.    6. 
Mfithodcs  Nouvelles  pour  I'Etude  des  Traces  de  Voies.*     P.  Le  Fort.      (38)      Serial 

beginning   Dec. 
Les  Tramways  a  Courant  Monophase  Haute  Tension  de  Lyon  a  Jons  et  k  Mirlbel.* 

O.    Lombard-Gerin.      (33)      Dec.    3. 
L'Electrification  du  Chemln  de  Fer  3.  CremaillSre  du  Mont  Corcovado,  prSs  Rio  de 

Janeiro.*      Georges    Zindel.      (33)      Dec.    24. 
Lokomotiv-Schiebebiihne  mit  einsachsigen  Drehgestellen.*     Mayr.      (102)      Nov.   15. 
Zur  Frage  der  Russen-  oder  Innen-Einstromung  bei  den  Schiebern  der  Helsdampf- 

Lokomotiven  ;    ihre   grossten   Fiillungen    und   Anzlehkrafte.*     J.    Obergethmann. 

(102)      Serial   beginning   Nov.    15. 
Die  Kreisel-Schneeschleuder.     P.   Fessler.      (102)      Nov.   15. 
Anwendung      von       Drahgestellen       bei       Lokomotiv-Drehscheiben.*     Mayr.      (102) 

Dec.    1. 
Hebe-Einrichtung  fur  Tender.*     Mayr.      (102)      Dec.   1. 
Slcherung   gegen    das   Vorbeifahren   von   Ziigen   an    "Halt"-Signalen.      Ph.    Petersen. 

(102)      Dec.    1. 
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Railroads— (Continued). 

Dio   ncuo   Lokoiiiotivwerkstiitto   in   Darmstadt.*      (102)      Serial   beginning   Dec.    1. 
Der  Wiriiungsgrad   der  Dampfloitomotive.*      Sanzin.      (S3)      Dec.    2. 
Der   neue   Zentralbahnhof   der   Pennsylvania-Elsenbahn   in   New   York   City.*      (51) 
Dec.    14. 

Railroads,  Street. 

Tantalum   Lamps  on  Cliicago  Railways  Cars.*      (17)      Dec.   17. 

Construction     of    a    Portion    of    the    Fourth    Avenue     Subway,     Brooklyn.*      (14) 

Dec.    17. 
A   Great  Rapid   Transit  System   for  a  Great   City.     Doubling  the  Capacity   of   New 

York's    Subways    and    Elevated   Roads.*      (46)      Dec.    17. 
Improvements    in    Street    Car    Wheels.*      S.    M.    Coffin.      (Abstract    of    paper    read 

before  the  Ala.   Light  and  Traction   Assoc.)      (17)      Dec.   24. 
Welding  Entire  Rail   Sections   at   Holyoke,   Mass.*      G.   E.   Pellissier,   Assoc.   M.   Am. 

Soc.   C.   E.      (17)      Dec.   24. 
The  Approaches  to  the  Lasalle  Street  Tunnel   at  Chicago.*      (14)      Dec.   24. 
Steel   Freight   Cars   for  the   Illinois   Tunnel    Co.*      (18)      Dec.    24. 
Recent   Electric   Railway   Car  Design.      (17)      Jan.   7. 
Electric  Traction   in   Great   Britain.      (17)      Jan.   7. 
Block    Signal    System    on    Baltimore   Viaduct.*      (17)      Jan.    7. 
Le   Cheniin   de  Fer   Electrique   Souterrain    Nord-Sud   de   Paris.*     A.    Dumas.      (33) 

Dec.    10. 

Sanitation. 

Difficult  Sewer  Reconstruction   in   Brooklyn.*      (14)      Nov.   26. 

The   Sludge   Problem.      W.   C.    Easdale.      (Paper   read  before   the   Assoc,   of   Mgrs.   of 

Sewage   Disposal   Works.)       (104)    Dec.   9. 
Sewage  Disposal  in  Europe.     Rudolph  Hering.      (Paper  read  before  the  Amer.  Inst. 

of  Chem.   Engrs.)       (14)      Dec.   17. 
Intercepting  Sewers  and  Outfall  at  New  Bedford.*      (14)      Dec.  17. 
Heating  a  Railroad  Station.*      (101)      Dec.   17. 
Mechanical   Furnace  Heating  of  a  Church.*      (101)      Dec.   17. 

Cleaning  and  Watering   Streets   in  the   Great  Towns  of  England,   Scotland   and   Ire- 
land.    T.  H.  Yabbicom,  M.  Inst.  C.  E.      (Paper  read  before  The  Internat.  Road 

Congress.)       (96)      Dec.    22. 
Indirect    Hot-Water    Residence    Heating.*      (101)      Dec.    24. 
Cost  of  Concrete   Blocks   for  Sewers.      (96)      Dec.   29. 
The  Disposal  of  Trade  Wastes.     George  A.   Johnson.      (Paper  read  before  the  New 

Jersey   San.   Assoc.)       (14)      Dec.   31. 
The  Peathtree  Creek  Sewage  Disposal  Works  at  Atlanta.*      (14)      Dec.  31. 
Sewage  Disposal  Plans  of  Atlanta,  Ga.      W.  T.  Waters.      (60)      Jan. 
The  Lighting  and  Ventilation  of  Gas   Appliance  Display   Rooms.*      Thomas   Scofleld. 

(Paper    read    before   the   Amer.    Gas    Institute.)      (24)    Jan.    2;    (83)    Dec.    15. 
The   North    Shore   Drainage   Channel   at   Chicago.*      (13)      Jan.    5. 
Sanitary    Survey    of    the    Ohio    River    in    Pennsylvania.      Samuel    G.    Dixon    and    F. 

Herbert    Snow.      (Abstract    from    report    to    Joint    Ohio    River    Comm.)       (13) 

Jan.   5  ;    (14)    Jan.  7. 
Principles  of  Sewage   Disposal.     George  C.  Whipple.      (Paper  read  before  the   Inst. 

of  Chem.   Engrs.)       (14)    Jan.   7. 

Structural. 

Cast-iron    Valves    and    Fittings    for    Superheated    Steam.*     Arthur    S.    Mann.      (55) 

Vol.   31. 
Cast-iron   Fittings  for   Superheated   Steam.*      Ira  N.   Hollis.      (55)      Vol.   31. 
The    Effect    of    Superheated    Steam    on    the    Strength    of    Cast    Iron,    Gun    Iron    and 

Steel.*      Edward  F.   Miller.      (55)      Vol.   31. 
A  Report  on   Cast-iron  Test   Bars.      A.   F.    Nagle.      (55)      Vol.   31. 
A    New    Departure    in    Flexible    Stay-Bolts.*      H.    V.    Wille.      (55)      Vol.    31. 
The  Design   of  Curved  Machine  Members   Under   Eccentric   Load.*      Walter  Rauten- 

strauch.      (55)      Vol.    31.  .„..,„,*     w.... 

Stresses   in  Reinforced   Concrete   Beams,    Comparison   of  Experimental  Results  With 

Results  Obtained  From  the  Use  of  Three  Theories  of  Distribution  of  Stresses.* 

Gaetano   Lanza   and   Lawrence   S.    Smith.      (55)      Vol.   31. 
Comparison  of  the  Tensile,   Impact-Tensile,  and  Repeated-Bending  Methods  of  Test- 
ing  Steel.*      Bertram    Blount.      (75)      May. 
Foundations  for  the  Municipal  Building,  New  York.*      Maurice  Deutsch.      (6)      Nov. 
Tests    of    Reinforced    Concrete    Columns.*      H.    Buchartz.      (14)      Nov.    26. 
A    Combined    Cooling    Tower    Foundation    and    Accumulator    House.*     Warren    H. 

Miller.      (14)      Nov.  26. 
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Structural— (Continued ). 

The  Chicago  Building  Code.      (67)      Dec. 

The  Preservation  of  Structural  Timbers  from  Decay.     C.  P.   Wlnslow.      (58)      Dec. 

The    Disintegration    of    Cement    Floors    and    Sidewalks.     Alfred    H.    White.      (67) 

Dec. 
Stanchions  Carrying  Excentric  Loads.*     Ernest  Q.  Beck,  Assoc.  M.  Inst.  C.  E.     (12) 

Dec.    2. 
Steel  Forms  for  Monolithic  Concrete  Buildings.*      (13)      Dec.  15. 
Condition  of  Structural  Iron  after  Long  Service.      (13)    Dec.   15. 
Some  Tests  on  Ligno-Concrete.     C.  A.   M.   Smith.      (11)      Dec.  16. 
Machine    for    Compression    Tests    of    Mortar    and    Concrete.*     H.    Burchartz.      (14) 

Dec.    17. 
Grandstand    and    Grounds    of    the    Cleveland    Baseball    Club.*      (14)      Dec.    17. 
Concrete   Manufacturing   Plant,    Northern   Pacific    Railway.*       (14)      Dec.    17. 
Refractory   Materials  and  Their  Testing.      Rudolf  Lessing.      (Paper  read  before  the 

Liverpool   Eng.    See.)      (66)      Dec.    20. 
The  Design  of  Retaining  Walls.*      Edward  Godfrey.      (86)      Dec.  21. 
Grouting  Natural   Soils  for  Bridge  and  Building  Foundations.     W.  D'Rohan.      (86) 

Dec.   21. 
A  Test  of  a  Flat  Slab  Floor  in  a  Reinforced-Concrete  Building.*     Arthur  R.   Lord. 

(Paper   read   before   the  Nat.   Assoc,   of   Cement  Users.)      (13)    Dec.   22;    (14) 

Dec.   24  ;      (86)      Dec.   28. 
Specifications   for   Scrubbed   Concrete    Surface.      H.   H.    Quimby,   M.   Am.   Soc.   C.    E. 

(Paper  read  before  the  Nat.  Assoc,  of  Cement  Users.)      (13)      Dec.  22. 
General   Concrete  Practice.     Thomas  Potter.      (Abstract   of  paper   read  before   Con- 
crete Inst.)      (104)      Dec.   23. 
Effect    of    Electrolysis    on    Metal    Embedded     in     Concrete.     Cloyd     M.     Chapman. 

(Abstract    of    paper    read    before    the    Nat.    Assoc,    of    Cement    Users.)      (14) 

Dec.   24. 
Workmen's  Molded   Concrete  Homes.*     Frank  C.   Perkins.      (46)      Dec.   24. 
Some  Thermal  Properties  of  Concrete.     Charles  L.  Norton.      (Paper  read  before  the 

Nat.     Assoc,     of     Cement     Users.)      (14)      Dec.     24;      (13)      Dec.     29;      (86) 

Jan.  4. 
The  Basis  of  Design  for  Flat  Concrete  Floor  Slabs.     Arthur  R.  Lord.      (Paper  read 

before   the   Nat.   Assoc,    of   Cement   Users.)      (14)      Dec.   24;      (13)      Dec.    29; 

(86)      Dec.   28. 
The   Calculation   of   Plates,    Supported   by   Four   Columns.*     L.    J.    Mensch.      (Paper 

read  before  the  Nat.  Assoc,  of  Cement  Users.)       (86)      Dec.  28. 
Influence  of  Design  on  the  Cost  and  Speed  of  Erecting  Concrete  Buildings.*      (96) 

Dec.    29. 
ScalTolding  for  High   Buildings.*      (96)      Dec.   29. 

Forms  for  Constructing  a  Girderless  Concrete  Floor.      (14)      Dec.  31. 
Waterproofing   with    Water.*     Cloyd    M.    Chapman.      (Paper    read    before    the    Nat. 

Assoc,  of  Cement  Users.)      (14)      Dec.  31. 
Tufa  Concrete.     J.  B.  Lippincott.      (Abstract  from  paper  read  before  the  Nat.  Assoc. 
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History  and  General  Information. 

As  the  business  of  a  railroad  increases  it  becomes  necessary  in 
many  cases  to  change  its  facilities,  and  frequently  a  change  in  one 
department  necessitates  many  and  serious  changes  in  others.  The 
Pittsburg  and  Lake  Erie — the  road  of  the  New  York  Central  Lines  into 
Pittsburg — ^is  a  striking  example,  for  its  management  has  spent  vast 
sums  of  money  to  keep  it  abreast  or  a  little  ahead  of  the  requirements 
of  increasing  traffic.  Its  bridge  over  the  Ohio  River  at  Beaver,  Pa., 
built  in  1878,  had  to  be  renewed  by  1890,  which  was  done  on  the  single- 
track  masonry  by  building  a  bridge  which  at  that  time  was  thought  to 
have  strength  sufficient  for  many  years.  It  was  built  for  loadings  equal 
to  Cooper's  E-30,  with  low  unit  stresses. 

About  1897  the  locomotives  were  increased  in  weight  enough  to 
allow  the  train  tonnage  to  be  increased  from  1  600  to  2  500,  and  about 
1902  the  locomotives  were  again  increased,  with  a  corresponding  train 
tonnage  increase  to  3  500,  and  since  that  date  it  has  been  increased  to 
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be  published  in  a  subsequent  number  of  Proceedings,  and,  when  finally  closed,  the 
papers,   with  discussion  in  full,  will  be  published  In  Transactions. 
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more  than  4  200.  With  this  increase  in  tonnage,  the  tracks  have 
been  changed:  from  a  single-track  to  a  double-track  approach  to  the 
bridge,  with  a  single  track  on  the  bridge;  then  to  a  single-track  gauntlet; 
and  then  to  a  four-track  construction  to  points  near  the  bridge.  These 
conditions  made  it  desirable  to  consider  the  reconstruction  of  the 
bridge,  for  strength  as  well  as  for  increased  capacity.  The  existing 
masonry  piers  were  not  large  enough  to  support  a  double-track  bridge, 
and,  as  they  were  constructed  on  timber  grillage  resting  on  gravel,  it 
would  not  have  been  an  easy  matter  to  enlarge  the  piers  under  traffic; 
and,  in  addition,  the  River  Interests  desired  the  removal  of  one  of  the 
channel  piers  which  was  considerably  in  the  way  when  large  coal 
fleets  were  being  handled  at  that  point.  After  a  careful  study  of  the 
situation,  a  new  bridge  on  a  new  location  was  recommended  and 
approved  in  1906.  The  new  location  is  about  300  ft.  up  stream  from 
the  old  bridge  (Plate  I),  and  the  approaches  are  on  a  3°  curve,  instead 
of  6°,  as  in  the  old  approaches. 

The  Ohio  River  Bridge  Laws  require  90  ft.  in  the  clear  above 
low  water,  in  the  district  in  which  this  bridge  is  located.  The  bridge 
is  on  a  summit  in  the  grades,  with  a  maximum  grade  approach  of 
0.30%  on  one  side  for  about  2  miles. 

The  Government  work  of  improving  the  river  above  and  below  the 
bridge  site  is  planned  for  a  channel  through  the  bear-trap  dams  700  ft. 
wide.  This  width  is  provided  in  the  clear  at  the  new  bridge  at  right 
angles  to  the  channel.  After  allowing  for  the  skew  and  the  thickness 
of  the  channel  piers,  the  channel  span  was  defined  at  769  ft.  from 
center  to  center  of  bearings.  The  channel  span  was  located  by  the 
United  States  Government  Engineers — after  several  meetings  had  been 
held  to  determine  the  wishes  of  the  River  Interests — with  one  pier  just 
back  of  a  timber  crib  on  the  south  or  left  shore  of  the  river.  The  length  of 
the  channel  span,  and  the  stipulation  by  the  Government  that  no  false- 
work should  be  placed  in  the  channel  in  the  river,  practically  determined 
the  design  to  be  a  cantilever,  and  the  location  of  the  channel  span 
forced  one  arm  entirely  over  land,  making  it  necessary,  much  to  the 
regret  of  the  Railroad  Engineers,  to  use  an  approach  span  at  the  north 
or  Beaver  end.  It  was  shown  by  the  Railroad  Engineers  that  floats, 
liberated  at  tlie  coal-boat  stage  of  water  in  the  center  of  the  channel 
a  mile  above  the  proposed  structure  would  strike  the  channel  pier,  and 
yet  the  rivermen  preferred   the   old   channel,   close  to  shore,   defined 
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largely  by  the  location  of  the  offending  pier  in  the  old  structure  which 
was  to  be  removed. 

The  spans  and  the  general  outline  of  the  proposed  bridge  were 
determined  by  the  Kailroad  Company's  Chief  Engineer,  and  the  plans 
and  general  drawings  were  developed  by  Albert  Lucius,  M.  Am.  Soc. 
C.  E.,  Consulting  Bridge  Engineer  for  the  Railroad  Company. 

General  Features  of  Design. 

The  general  design  of  the  new  bridge  called  for  two  gauntlets  of 
two  tracks  each  to  accommodate  the  four  tracks  at  each  end  of  the 
bridge,  the  northward  passenger  and  the  northward  freight  forming  one 
gauntlet,  and  the  two  southward  tracks  making  the  other.  The  tracks 
in  each  gauntlet  have  their  adjacent  rails  1  ft.  apart  from  center  to 
center,  both  freight  tracks  being  toward  the  center  of  the  bridge  and 
13  ft.  apart,  the  passenger  tracks,  therefore,  are  15  ft.  apart.  The 
side  clearances  are  7i  ft.  from  the  centers  of  the  passenger  tracks  to 
the  trusses,  and  7  ft.  to  the  skid  girders;  the  overhead  clearance  is 
21  ft.  6  in.  from  the  top  of  rail. 

The  general  loading  assumed  is  Cooper's  E-60  for  the  floor,  and 
the  same  with  a  10%  reduction  for  the  trusses. 

As  the  E-60  loading,  with  full  allowances  for  impact,  wind,  etc.,  is 
considered  sufficient  to  provide  for  all  estimated  increases  in  train 
loads,  rather  high  unit  stresses  were  used. 

River  clearances  and  grade  conditions  made  it  desirable  to  have  a 
shallow  floor.  The  depth  finally  determined  was  6  ft.  from  the  clear- 
ance line  to  the  top  of  rail.  This  depth  practically  determined  the 
panel  lengths  for  good  stringer  and  floor-beam  construction.  The  anchor 
arms  were  divided  into  ten  panels  of  32  ft.  each;  the  cantilever  arms 
into  four  panels  of  32  ft.  and  four  of  28  ft.  6  in.  each;  and  the 
suspended  span  into  ten  panels  of  28  ft.  6  in.  each.  This  made  the 
length  of  the  anchor  arms  320  ft.,  the  cantilever  arms  252  ft.,  and  the 
suspended  span  285  ft.  The  approach  span  is  370  ft.  long,  and  is 
divided  into  twelve  panels,  each  30  ft.  10  in.  long.  The  trusses  are 
34^  ft.  apart  from  center  to  center,  and  30  ft.  apart  in  the  clear.  The 
floor  is  made  up  of  nine  lines  of  stringers,  four  under  each  gauntlet 
track  and  one  half  way  between.  A  special  feature  of  the  floor  is  its 
strength,  which  is  designed  to  take  care  of  derailments  imder  all 
probable  conditions.     Skid  girders — the  design  of  the  Chief  Engineer 
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Fig.  1. — Main  Tower  Posts,  Bridge  at  Beavf.r,  Pa. 


Fig.    2. — Part   of   Main   Tower   Post. 
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of  tlie  Tvailroad  Company — have  been  used  to  prevent  derailed  equip- 
ment from  striking  the  trusses,  the  object  being  to  cause  the  ear  bodies 
to  "skid''  on  the  floor  or  against  the  skid  girders  until  the  momentum 
has  been  destroyed.  These  girders  are  double  on  each  truss,  and  are 
placed  at  the  proper  height  to  give  the  best  protection  to  the  truss 
members. 

The  magnitude  of  the  bridge,  and  the  heavy  loading,  developed 
enormous  stresses,  which  made  it  necessary  to  give  much  more  than 
the  usual  attention  to  many  details  of  the  design,  which  will  be  con- 
sidered at  length  at  the  proper  place.  Some  of  these  features  were 
developed  in  designing  the  anchorage,  in  transferring  the  wind  stresses 
to  the  anchor  masonry,  and  in  the  construction  of  the  main-post 
bearings  on  the  masonry.  At  the  anchor  points  the  anchor  eye-bars 
are  maintained  under  maximum  stress  at  all  times.  The  change  in  the 
position  of  the  L^  point  over  the  anchorage,  due  to  expansion  and 
contraction,  is  prevented  from  causing  bending  moments  in  the  eye- 
bars  ;  the  change  in  stress  at  the  L^  point  from  positive  to  negative  does 
not  cause  any  pounding,  and  the  wind  stress  does  not  cause  any  stress 
at  the  anchor  masonry,  sidewise  or  otherwise,  in  the  anchor  eye-bars, 
when  the  abutment  reaction  is  zero.  These  points  have  been  protected 
by  very  ingenious  details. 

The  main-post  supports  on  the  channel  piers  are  unique  in  their 
design,  in  distributing  the  loads  of  6  000  tons  at  each  bearing  definitely 
on  the  masonry  under  all  conditions,  and  at  the  same  time  they  prevent 
the  development  of  secondary  stresses  of  any  serious  magnitude  in  the 
lower  chords  at  these  points,  due  to  the  changes  in  the  live  loads  in 
either  magnitude  or  position. 

The  timber  deck  design  has  been  made  to  serve,  not  only  under 
normal  conditions,  but  also  to  offer  a  large  degree  of  safety  under 
derailed  equipment;  the  ties  are  well  supported  under  the  probable 
locations  of  derailed  wheels,  and  they  are  prevented  from  bunching 
under  such  conditions.  The  timber  in  the  deck  has  been  treated 
chemically. 

The  anchor  arm  being  comparatively  long,  the  reaction  at  its  end 
from  dead  load  is  very  small,  causing  an  uplift  of  only  33  000  lb. 
The  uplift  per  truss  at  the  L^  point,  caused  by  the  live  load  and 
impact,  amounts  to  2  249  000  lb.,  and  the  load  at  the  same  point  is 
2  071  000  lb.     This  causes  a  reversal  of  stress  in  the  web  members  up 
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to  and  including  L^,  U^,  in  the  top  chords  up  to  U^,  and  in  the  bottom 
chords  up  to  L^.  The  connections,  L^,  L^,  U^,  and  U^,  therefore,  are 
riveted  throughout.  In  all  other  cases  the  post  and  hanger  connections  to 
the  bottom  chords  are  riveted,  while  the  main  diagonals  are  connected  to 
the  bottom  chords  by  pins  back  of  the  floor-beam  connections,  shown  on 
the  typical  details  of  the  panel  points,  L^^  and  L^g,  Plate  11.  This  was 
done  in  order  to  get  an  efficient  connection  of  the  floor-beams  to  the 
trusses,  which  otherwise,  on  account  of  the  small  available  depth  of 
G  ft.  from  the  top  of  rail  to  the  clearance  line,  would  have  been  very 
difficult,  if  at  all  possible.  The  members  of  the  secondary  system  were 
also  riveted  to  the  bottom  chords.  In  order  to  make  the  trusses  of  the 
anchor  arm  self-supporting  during  erection,  and  before  the  cantilever 
arm  was  erected,  U^-TJ^,  was  also  designed  as  a  stiff  member.  It  was 
constructed  as  a  riveted  four-web  chord  with  pin  connections  at  both 
ends,  all  other  top  chords  being  two-web  chords.  This  provision  was  a 
source  of  great  comfort  when  high  water  and  driftwood  threatened 
the  falsework  on  the  Beaver  side  after  the  anchor  arm  was  swung,  and 
before  the  cantilever  was  built,  it  having  been  just  started. 

The  riveted  connections  in  tension  and  in  compression  are  fully 
spliced;  no  allowance  was  made  for  butt  joints,  with  the  exception  of 
the  member  L^^-JJ^q,  where,  in  addition  to  the  straight  butt  joint,  only 
half  of  the  stress  was  taken  care  of  by  splice  material  and  rivets.  This 
member  being  vertical,  the  individual  pieces  forming  it  naturally  had 
to  come  to  a  full  bearing  by  their  own  weight. 

The  bottom  chords  have  an  H  section,  made  up  of  twelve  angles 
and  two  plates  throughout.  The  heaviest  bottom  chord  has  644J  sq.  in., 
and  is  made  up  of  three  60  by  |-in.  web  plates  on  each  side,  outer 
angles  8  by  8  by  |-in.,  and  inner  angles  8  by  8  by  l-in.,  at  top  and 
bottom  of  the  chord,  and  two  lines  of  8  by  8  by  J-in.  angles  on  the 
inside  of  the  chord. 

The  bottom  chords  have  three  sets  of  6J  by  xVii^-  double  lacing, 
at  the  top  and  bottom,  and  a  double  lacing  of  7  by  3A  by  T^-in.  angles 
between  the  angles  on  the  center  line  of  the  chord.  Wherever  the 
lacing  connects  the  inner  angles  of  the  top  and  bottom  flanges,  tie- 
plates  are  used  to  connect  with  the  outer  angles.  Vertical  diaphragms, 
at  from  5  to  6-ft.  centers,  are  used  in  these  chords  throughout.  The 
intermediate  diaphragms  are  made  in  two  separate  parts  in  a  vertical 
plane  to  clear  the  middle  lacing.     At  the  panel  points  the  diaphragms 


PLATE    III. 

PAPERS,    AM.    SOC.   C.    E. 

JANUARY,    1911. 

RAYMER   ON 

RAILROAD  CANTILEVER    BRIDGE. 


Fig.  ]. — Anchorage  Details,   I!i;iiigi:  at  Beavek,  Pa. 
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are  framed  around  the  chord  angles  at  the  center  of  the  chord,  and 
riveted  together  on  the  tie-plate  at  the  panel  point.  The  chords  are 
3  ft.  (JA  in.  from  back  to  back  of  the  outer  flange  angles  throughout. 

The  splices  of  the  lower  chord  were  detailed  so  as  to  permit  of 
milling  together  all  joints,  for  the  purpose  of  maintaining  exact  lengths 
by  the  introduction  of  interior  follower  or  splice-plates,  which  were  not 
shop-riveted  to  either  section  of  the  splice.  These  facilitated  the  proper 
assembling  of  all  sections  in  the  shop  and  in  the  field,  and  yet 
distributed  the  splice  values  of  section  and  of  shear  over  more  than 
one  point,  and  put  rivets  in  double  shear.  The  connections  of  the 
web  and  the  chord  members  were  through  large  plates  treated  in  a 
similar  way.  All  connection  plates  were  proportioned,  not  only  for 
section  and  rivet  shear  in  axial  direction,  but  for  the  necessary  section 
along  shear  lines  between  the  several  members  assembled  to  a  main 
joint,  and  also  for  the  symmetrical  absorption  of  stress  in  relation  to 
their  axes  and  to  the  resultant,  through  rivet  values.  The  secondary 
bending  and  shearing  stresses  developing  in  large  attachment  plates, 
due  to  deviations  of  centers  of  gravity,  were  considered  and  guarded 
against  by  additional  reinforcements. 

The  general  design  of  the  bridge  provides  for  trusses  riveted  for 
full  section  of  all  joints  and  splices  of  chords,  posts,  and  individuaJ 
members,  excepting  as  noted  for  the  main-tower  posts.  Connections 
of  chord  and  web  members  exposed  to  reversal  of  stresses  are  riveted 
joints,  and  so  are  all  sub-panel  connections  and  the  end  posts  of  the 
cantilever  arms.  Connections  of  chord  and  web  members  having  stress 
in  one  direction  only  are  pin-connected.  In  all  the  heavy  members  the 
lacing  is  on  the  inside.  Single-angle  lacing  is  also  turned  in  and 
connected  with  the  inside  of  the  flanges. 

All  heavy  members  have  vertical  diaphragms  every  5  or  6  ft.  The 
diaphragms  in  all  cases  were  planed  to  the  exact  width,  and  the  sides 
of  the  members  were  assembled  to  them  in  their  true  position,  the 
lacing  being  put  on  afterward.  On  account  of  this,  in  no  case  was 
any  trouble  caused  by  a  twisting  tendency  while  the  members  were 
being  assembled,  handled,  or  erected. 

The  trusses  of  the  anchor  arms  are  64  ft.  high  at  the  hips  (the  TJ^ 
points),  145  ft.  2^  in.  over  the  main  piers  (the  L^^^-TJ^^  post)  and 
62  ft.  0  in.  at  the  ends  of  the  cantilever  arms  (the  U^^  point)  from 
center  to  center  of  chords.     The  suspended  span  is  57  ft.  0  in.  .deep. 
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and  the  approach  span  is  61  ft.  8  in.  at  the  hips  and  75  ft.  0  in.  at 
the  center,  all  from  center  to  center  of  chords.  In  the  cantilever 
bridge  the  trusses  are  34  ft.  G  in.  from  center  to  center,  and  in  the 
aiiproach  span  they  are  34  ft.  0  in. 

Drawings  and  Proposals. 

The  Railroad  Company  furnished  the  specifications,  the  design, 
the  stress  sheets,  and  detail  sheets  developing  each  joint  sufficiently  to 
determine  the  construction,  the  shape,  and  the  style  of  each  member 
and  all  connections,  for  the  purpose  of  estimating  the  weight  of  the 
material  and  the  cost  of  fabrication  and  erection  of  the  bridge. 

Contractors  were  invited  to  submit  alternate  plans  and  proposals. 
None,  however,  was  offered.  The  contract  was  awarded  on  the  Railroad 
Company's  design  and  specifications,  and,  in  most  of  its  details,  was 
in  the  usual  form.  Profiting,  however,  by  the  experience  of  others 
in  a  recent  disaster,  it  contained  the  following  clauses  which  were 
actively  operative. 

"It  is  expressly  understood  and  agreed  between  the  parties  hereto, 
that  the  Contractor  shall  be  wholly  responsible  for  the  safe  and  satis- 
factory erection  of  the  whole  superstructure,  and  for  this  purpose  the 
Contractor  is  required  to,  and  does  hereby  expressly  assume  the 
responsibility  for  the  correctness  of  the  design  and  for  the  material 
being  of  good  quality  and  properly  fabricated,  notwithstanding  any 
previous  inspection  or  acceptance  of  the  material  by  the  railroad. 

"The  Contractor  shall  execute  and  deliver  to  the  Railroad,  before 
any  material  is  erected,  its  two  bonds,  satisfactory  in  form  to  the 
Railroad,  and  with  such  Surety  Company  as  surety  thereon  as  shall 
be  approved  by  the  Railroad.  One  of  said  bonds  shall  be  conditioned 
for  the  faithful  performance  of  this  contract  in  so  far  as  it  applies 
to  the  fabrication,  erection,  and  finishing  of  the  cantilever  span,  and 
the  other  of  said  bonds  shall  be  conditioned  for  the  faithful  perform- 
ance of  this  contract  in  so  far  as  it  applies  to  the  fabrication,  erection, 
and  finishing  of  the  approach  span.  Each  of  the  said  bonds  shall  be 
in  an  amount  equal  to  the  total  estimated  payments  which  will  be 
required  by  the  Contractor  from  the  Railroad  before  the  completion 
of  the  respective  spans.  The  Railroad  will  reimburse  the  Contractor 
in  the  amount  of  one-half  of  the  premiums  paid  by  it  on  said  bonds." 

The  specifications,  in  most  particulars,  were  not  unusual,  except- 
ing in  the  eye-bar  requirements,  the  substance  of  which  is  given 
elsewhere. 
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Fig.  1. — Upper  and  Lower  Castings  Supporting  Tower  Posts. 


Fig.  2. — Lio  "Stub,"  in  Process  of  Manlia.  i 
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Loading. 

The  floor  system  was  proportioned  for  carrying  two  trains,  one 
on  each  track,  each  weighing  0  000  lb.  per  lin.  ft.  and  each  preceded  by 
two  locomotives  weighing  420  000  lb.  each. 

Two  trains  were  assmned  on  each  track  wherever  split  loading 
produced  greater  results. 

The  trusses  were  designed  for  loads  10%  less  than  these.  The  dead 
load  averaged  about  9  tons  per  lin.  ft.,  of  which  J  ton  was  for  the 
timber  deck  and  the  rails.  The  dead-load  stresses  were  computed  from 
weights  figured  from  the  stress  sheets.  This  method  was  repeated  until 
the  sections,  computed  on  the  basis  of  the  actual  dead  load,  figured  from 
the  shop  drawings,  came  within  2%  of  the  sections  used. 

The  wind  loads  were  proportioned  by  the  areas  of  the  exposed 
surfaces  as  finally  developed,  and  were  equivalent  to  about  1 100  lb. 
per  lin.  ft.  of  the  lower  chord  for  the  anchor  and  the  cantilever  arms, 
about  1  000  lb.  per  lin.  ft.  for  the  lower  chord  of  the  suspended  spans, 
and  about  600  lb.  per  lin.  ft.  for  the  top  chords.  The  wind  loads  were 
computed  from  the  assumption  of  300  lb.  per  lin.  ft.  on  a  train,  and 
30  lb.  per  sq.  ft.  on  the  exposed  surfaces  of  the  two  trusses  and  the 
floor.  Of  this  wind  pressure,  10  lb.  per  sq.  ft.  was  treated  as  being 
uniformly  distributed  over  the  whole  structure,  while  the  remaining 
20  lb.  was  used  as  a  moving  load,  applied  wherever  it  produced  the 
maximum  effect  on  the  members. 

Unit  Stresses. 
The  axial  tension  of  the  net  section  was  assumed  at  16  000  lb.  per 
sq.  in.     The  axial  coniprossion   per  square  inch   of  gross  section  was 
assumed  to  be  16  000 


1+     ^' 


12  000  R'^ 


but  not  to  exceed  14  000  lb. 
The  impact  allowed  was: 


I  ^  L 


D  +  L 
where    I  =  Impact, 

D  =  Dead  load, 
L  =  Live  load, 
excepting  that  impact  in  liangors  was  assumed  to  be  100%  of  L. 
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For  wind  stress,  20  000  lb.  in  tension  was  used,  and  a  corresponding 
amount  in  compression,  but  not  to  exceed  18  000  lb.  per  sq.  in. 

For  dead  load,  live  load,  impact,  and  wind  load  the  units  were 
22  000  and  20  000  lb.,  respectively. 

For  erection  stresses,  18  000  and  16  000  lb.  for  tension  and  com- 
pression, respectively,  were  assumed. 

The  pressure  on  concrete  containing  steel  grillage  was  limited  to 
400  lb.  per  sq.  in. 

The  bearing  on  the  12-in.  rollers  forming  the  bearings  under  the 
towers  was  limited  to  6  000  lb.  per  lin.  in. 

In  members  subject  to  reversal  of  stresses,  the  resultant  tensile 
stress  and  the  resultant  compression  stress  were  determined,  and  each 
was  increased  by  80%  of  the  smaller;  the  member  was  then  designed 
so  as  to  be  capable  of  resisting  either  of  the  increased  stresses.  Shear 
in  shop-driven  rivets  was  taken  at  11  000  lb.  per  sq.  in.  For  hand- 
driven  field  rivets,  the  number  was  increased  25%  over  the  number 
needed  when  shop-driven,  and  for  hammer-driven  rivets  the  number 
was  increased  10  per  cent. 

Rivet  bearing  was  figured  at  22  000  lb.  per  sq.  in.,  and  bending  on 
pins  was  taken  at  24  000  lb.,  with  corresponding  reductions  for  field- 
driven  rivets. 

Anchorage  and  L^  Details. 

Under  the  specifications,  the  contractor  was  required  to  work  out 
and  furnish  shop  plans  and  details  of  all  parts  of  the  bridge  struct- 
ure. These  details  were  extremely  well  designed,  and  the  plans  were 
very  elaborate,  in  fact,  one  of  the  chief  features  of  the  construction 
of  this  work  was  the  very  unusual  amount  of  attention  given  to  the 
design  of  the  details. 

The  anchorage  stresses  varied  from  2  071  000  lb.  compression  per 
truss  to  2  299  000  lb.  tension.  The  L^  pin  point  of  the  truss  is  5  ft. 
If  in.  above  the  pin  point  at  the  upper  ends  of  the  eight  14  by  IJ-in. 
eye-bars  forming  the  anchorage  for  each  truss.  These  pin  points 
are  connected  by  a  rocker.  The  total  motion  of  the  L^  point,  from 
temperature  and  live-load  changes,  is  5  in.,  or  2^  in.  on  each  side 
of  the  anchorage  eye-bar  pin  center.  This  inclination  (2i-in.)  of 
the  rocker  out  of  the  line  of  the  anchor  eye-bars  produces,  under 
extreme  conditions,  a  horizontal  thrust  of  about  100  000  lb.,  which, 
if  not  taken  care  of,  would  cause  bending  of  the  anchor  eye-bars  where 


PLATE   V. 

PAPERS,   AM.    SOC.   C.    E. 

JANUARY,    1911. 

RAYMER   ON 

RAILROAD  CANTILEVER    BRIDGE. 


Fig.    1. — Putting    in    Place    the    Pin    Supporting    Diagonal,    Member. 


Fig.   2. — Putting  in'   Place  the   Pin   Supporting  Diagonal   Member. 
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they  leave  the  masonry  at  the  bridge-seat  level.  To  overcome  this 
condition,  a  cast-steel  jaw  is  bolted  securely  to  each  side  of  the  lower 
part  of  the  cast-steel  bearing,  which  is  anchored  securely  to  the 
masonry.  Fig.  1,  Plate  III.  These  jaws  engage  slides,  one  at  each 
end  of  the  pin  in  the  upper  ends  of  the  anchor  eye-bars.  Under  this 
arrangement,  this  pin  can  move  vertically  to  any  position  desired, 
and  at  the  same  time  the  horizontal  thrust  from  the  rocker  is  trans- 
mitted through  the  pin  to  the  slides,  which  find  support  against  the 
jaws,  thereby  transmitting  the  stress  to  the  masonry  and  entirely 
relieving  the  eye-bars  from  bending. 

The  rockers  which  connect  the  L^  pins  with  the  anchor  eye-bar 
pins  are  solid  links,  designed  to  take  care  of  the  reversal  of  stresses 
mentioned  and  for  rotation  about  the  two  14-in.  pins  under  load  as 
the  Lq  point  travels  backward  and  forward.  This  is  accomplished 
by  using  cast-steel  bushings  lined  with  manganese-bronze  around 
each   pin. 

The  anchor  eye-bar  pins  are  supported  in  a  cast-steel  block  resting 
on  an  adjustable  wedge  on  the  masonry  bridge  seat.  This  construc- 
tion transmits  the  positive  load  from  the  L^  point  to  the  masonry, 
without  putting  any  load  on  the  anchor  eye-bars.  After  the  comple- 
tion of  the  bridge,  a  special  live  load  was  placed  on  the  suspended 
span  and  on  the  cantilever  arm,  in  excess  of  the  working  live  load, 
which  condition  produced  an  uplift  on  the  anchor  eye-bars  in  excess 
of  that  produced  by  working  conditions,  and,  while  the  bars  were 
thus  elongated,  the  wedges  under  the  eye-bar  pin  supports  were  forced 
tight,  by  driving  and  by  special  set-screws,  and  secured  in  this  posi- 
tion. This  design  maintains  a  constant  maximum  tension  in  the 
anchor  eye-bars.  After  the  bars  were  placed  under  this  stress,  the 
openings  in  the  concrete  masonry  around  the  bars  were  filled  with  soft 
concrete  and  sealed. 

The  anchorage  in  the  masonry  at  the  lower  ends  of  the  anchor 
eye-bars  is  made  with  large  inverted  shoes  with  14-in.  pin  bearings. 

I-beam  grillage  is  built  in  the  masonry  just  above  these  shoes 
to  engage  fully  the  masonry  load;  these  inverted  shoes  were  put  in 
place  as  the  masonry  was  being  built;  set-screws  were  used  in  leveling 
and  adjusting  them  to  exact  lines  and  levels.  Vertical  shafts  were 
formed  in  the  concrete  masonry  in  order  to  allow  the  eye-bars  to  be 
placed  after  the  completion   of  the  masonry.     The  lower  pins  were 
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entered  ready  for  driving,  and  a  horizontal  passageway  or  tunnel  was 
left  at  the  lower  pin  elevation  to  allow  access  to  the  pins.  A  vertical 
manhole  or  shaft,  about  half  way  between  the  two  sets  of  eye-bars, 
connected  this  tunnel  with  the  bridge  seat  more  than  50  ft.  above. 

Several  months  after  the  completion  of  the  masonry,  check 
measurements  were  made  from  the  bridge  seat  down  to  the  lower 
pins  for  ordering  the  eye-bars  of  exact  length.  The  bars  were  put  in 
place  and  the  pins  driven  without  any  trouble. 

Details  of  the  Tower-Post  Bearings  on  the   Channel  Piers,  and 
OF  the  L^o  Points. 

Originally,  the  bearings  of  the  towers  on  the  main  piers  were 
designed  to  be  solid,  without  any  rollers,  and  the  contract  was  let 
with  the  plans  calling  for  this  construction.  Considerable  discussion 
and  some  criticisms  were  developed  on  this  point  at  the  time  the 
various  bridge  companies  were  bidding  on  the  work,  and  as  a  result, 
the  Kailroad  Company  furnished  a  revised  plan,  calling  for  radial 
roller  bearings  rotating  around  the  intersection  point  of  the  lower 
chord  with  the  tower  posts — the  L-^q  point — on  a  9-ft.  radius,  with 
the  object  of  reducing  the  secondary  bending  stresses  from  counter- 
flexure  of  the  lower  chords,  and  bending  of  the  tower  posts.  This  design 
delivers  only  vertical  reactions  centrally  on  the  masonry  piers.  These 
bearings  transmit  to  the  masonry  a  loading  of  12  558  000  lb.,  includ- 
ing live  load,  impact,  and  dead  load.  As  a  fixed  bearing,  calculations 
showed  that  secondary  stress  would  be  produced  in  the  chord,  L^-L^^, 
ranging  from  ±  18  000  to  =F  19  000  lb.  per  sq.  in.,  and  in  the  chord, 
Ao'-^ii'  ranging  from  ±  5  000  to  zp  25  000  lb.  per  sq.  in.,  and  at 
the  same  time  the  masonry  pressure  was  increased  from  an  average 
of  400  to  a  maximum  of  1  000  lb.  per  sq.  in.,  which  fully  warranted 
the  change  in  design  as  made,  as  an  extra.  This  design  reduced  the 
secondary  stresses  in  the  chords  mentioned  to  less  than  3  000  lb.  per 
sq.  in.  Each  bearing  consists  of  eighteen  24-in.,  120-lb.,  I-beams, 
built  flush  in  the  concrete  masonry  for  grillage.  Sheet  lead,  i  in. 
thick,  was  used  on  this  grillage  under  the  cast-steel  bearings.  Thiese 
castings.  Fig.  2,  Plate  III,  are  in  one  piece,  18  ft.  long  and  8  ft.  6  in. 
wide,  and  weigh  about  37  tons  each.  The  tower  post  is  supported 
on  an  upper  casting,  and  between  the  two  are  29  segmental  rollers, 
4  in.  wide,  12  in.  in  diameter,  and  72  in.  long.  The  upper  casting 
is  turned  to  a  radius  of  8  ft.  6  in.,  and  the  lower  to  9  ft.  6  in.     Care- 
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fill  inspection  showed  that  these  surfaces  were  machined  correctly 
to  witliin  0.002  in.  A  variation  of  0.00.'}  in.  for  low  point  was  allowed 
on  the  rollers,  1ml  no  point  was  allowed  higher  than  the  nominal 
diameter  of  the  roller.  The  rollers  are  held  in  place  by  gear  teeth 
at  each  end  of  each  roller,  and  these  engage  in  suitable  racks  bolted 
one  to  the  upper  and  the  other  to  the  lower  casting.  By  actual 
tests,  made  during  erection  and  since,  the  motion  of  the  rollers  has 
been  found  to  correspond  closely  with  the  estimated  amount.  The 
upper  casting.  Fig.  1,  Plate  IV,  bearing  directly  on  the  rollers,  weighs 
about  25  tons,  and  supports  the  tower  post,  which  it  fits  and  to  which 
it  is  bolted. 

The  jLjo  stubs,  Fig.  2,  Plate  IV,  consisting  of  the  //^g  point  with 
portions  of  the  chord,  L^-L^,^  and  L^^-L^^,  and  a  portion  of  the  bottom 
of  the  posts  from  the  bearing  on  the  castings  to  a  splice  point  a  short 
distance  above  the  chords,  were  extremely  difficult  to  make.  In  addi- 
tion to  the  chords  and  the  post  being  spliced  solidly  together,  the 
plates,  forming  the  L^^  point,  support  by  pins  the  bottoms  of  the 
diagonal  members,  U^-L^^,  and  U^^-L^^,  respectively,  as  shown  on 
Plate  V.  These  "stubs"  had  four  planed  bearing  surfaces  and  two 
pin  bearings  which  had  to  be  located  exactly  right.  These  pieces, 
when  finished  ready  for  shipment,  were  20  ft.  2  in.  long,  15  ft.  10  in. 
deep,  and  5  ft.  3  in.  wide,  and  weighed  55  tons  each.  They  were 
handled  by  rail,  suspended  between  two  50-ft.  girders,  between  the  ends 
of  cars  supporting  the  ends  of  the  girders,  as  shown  by  Fig.  1, 
Plate  VI. 

The  sectional  areas  of  the  lower  chords  are  spliced  through  from 
side  to  side  of  the  L^g  stubs,  and  the  sections  of  tower  posts  above 
the  chords  are  carried  through  the  chords  to  the  cast-steel  bearings. 

In  this  manner  the  horizontal  and  vertical  stresses  have  their 
independent  sections,  and  the  whole  mass  is  thoroughly  connected 
by  splice-plates  with  full  shear  values  on  all  lines  on  which  shears 
can  develop.  For  erection  purposes,  the  inclined  members  were  con- 
nected to  this  point  by  pins. 

Specifications. 

The  specifications  applied  generally,  and  were  substantially 
adhered  to. 

Cast  Steel. — Cast  steel  was  required  to  show  by  specimen  test  from 
G5  000    to    70  000    lb.    ultimate,    with    the    elastic    limit    50%    of    the 
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ultimate;  the  elongation  in  2  in,  to  be  20%;  the  reduction  of  area 
45%,  and  a  cold-bending  test  of  90°,  to  a  radius  equal  to  the  diameter 
of  the  test  piece.  No  trouble  was  experienced  in  getting  such  results; 
the  elongation  was  generally  25  per  cent. 

Cast  steel  requires  an  annealing  temperature  of  1  700°  Fahr.,  and 
large  pieces  must  be  kept  soaked  at  that  temperature  for  from  5  to 
6  hours  and  then  must  be  kept  covered  so  as  to  cool  slowly  and 
uniformly  in  from  48  to  60  hours,  in  order  to  insure  a  good  result. 
Proper  annealing  is  considered  an  essential  in  producing  the  desired 
result.  Some  of  the  pieces  were  condemned  on  account  of  the  test 
pieces  showing  a  coarse  granular  fracture;  these  were  reannealed, 
after  which  the  tests  were  entirely  satisfactory. 

The  composition  of  the  steel  required  to  produce  70  000  lb.  ultimate 
was  about  as  follows : 

Carbon    0.27  to  0.30 

Manganese    0.65  to  0.70 

Phosphorus   0.035 

Sulphur   0.040 

Silicon   0.27  to  0.30 

Compression  tests  on  cubes  showed  a  low  yield  point.  The  first 
permanent  set  occurred  at  13  000  lb. ;  the  material  commenced  to  flow 
at  120  000  lb.,  and  at  250  000  lb.  the  cubes  were  reduced  to  about  one- 
half  their  original  height  and  the  sides  had  increased  from  1  in.  to 
1.43  in.  without  showing  any  fractures  or  other  signs  of  breaking  up. 

The  friction  bushings  of  links,  suspenders,  and  sliding  bearing 
plates  were  of  manganese-bronze.  This  material  was  required  to  show 
a  test  of  not  less  than  75  000  lb.  ultimate,  not  less  than  35  000  lb. 
elastic  limit  in  tension,  and  28  000  lb.  in  compression,  and  not  more 
than  10%  set  under  a  compression  of  100  000  lb.  per  sq.  in.  It  was 
also  required  to  stand  a  cold-bending  test  through  120°  to  a  radius 
equal  to  the  thickness  of  the  piece  tested.  The  elongation  required 
was  not  less  than  25%  in  2  in.,  and  with  a  reduction  of  not  less  than 
25%  of  the  area.  There  was  no  difficulty  in  getting  metal  to  meet 
these  requirements. 

The  tests  showed  80  000  lb.  ultimate,  and  42  000  lb.  elastic  limit, 
with  compression  close  to  the  specification  requirements.  The  mill- 
finished  specimens  would  bend  180°  and  then  spring  back  to  135 
degrees. 
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Eye-Bars. — The  eye-bars  were  rolled  at  the  Homestead  Plant,  from 
ingots  which  weighed  from  9i  to  10  tons.  From  35  to  40%  was  broken 
down  and  trimmed  from  the  upper  end,  and  from  10  to  15%  from 
the  lower  end,  of  each  ingot;  that  is,  only  about  50%  of  the  ingot 
was  used  for  eye-bar  material.  Only  one  of  the  largest  bars  came 
from  one  ingot,  and,  of  the  smaller  bars,  two  came  from  one  ingot. 
The  slab  which  was  used  was  rolled  in  the  first  heating  to  approxi- 
mately twice  the  cross-section  of  the  bar;  it  was  then  re-heated  and 
tinished  to  the  proper  size.  The  material  was  made  into  eye-bars  at 
the  plant  of  the  American  Bridge  Company,  at  Ambridgc,  Pa.,  under 
the  methods  usually  followed  there.  The  bars  were  annealed  by  being 
heated  slowly  to  a  temperature  of  from  1 500  to  1  600°  Fahr.,  and, 
when  up  to  that  temperature,  were  removed  from  the  furnace  and 
placed  in  a  muffler  open  at  each  end;  here  they  were  allowed  to  cool 
until  red  heat  was  reached,  then  they  were  removed  from  the  muffler 
and  allowed  to  cool  finally  in  the  open  air. 

Eye-bar  material  was  criticized  only  in  a  preliminary  way  by  the 
specimen  tests,  which  required  it  to  be  uniform  and  within  certain 
limitations.  The  bars  were  accepted  only  as  finished  bars  on  the 
results  of  the  representative  full-sized  tests. 

Pins  were  drilled  from  end  to  end  through  their  axes,  and  rough- 
turned  before  inspection  and  acceptance  of  the  material. 

The  specifications  also  required  all  splices  of  members,  and  all 
joints  and  connections,  to  be  shop -assembled  in  their  correct  positions, 
and  while  in  that  position  all  connection  holes  were  reamed  or  drilled. 

Details  of  the  Main-Tower  Posts,  L^^-U^^,  and  of  the  U^^  Casting. 

The  main-tower  posts  extend  from  the  cast-steel  bearing  under  the 
lower  chord  up  to  the  cast-steel  capping  at  the  U^^^  point.  This  cap- 
ping takes  the  reactions  from  the  upper  chord  eye-bars,  16  of  which, 
measuring  16  by  11  in.,  are  on  each  side  of  the  16-in.  pin  in  the  cast- 
steel  cap.  This  casting,  Plate  VII,  is  in  one  piece,  and  weighs 
37i  tons.  It  is  provided  with  shelf-plates  for  the  connection  of  the 
upper  transverse  strut  on  the  axis  of  the  pin,  which  forms  part  of 
the  lateral  bracing  of  the  top  chords.  The  main  pin  is  8  ft.  2i  in. 
long,  and  is  supported  on  the  cap  by  five  vertical  cast-steel  ribs. 
The  cap  is  8  ft.  6  in.  high,  7  ft.  6  in.  wide,  and  8  ft.  0  in.  long,  and 
is  bolted  to  the  top  of  the  main  post. 
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The  main  posts,  L^^-U^q,  have  a  cross-section  of  640  sq.  in.  They 
are  made  up  of  a  continuous  diaphragm  consisting  of  two  36^  by 
i-in.  web  plates  and  four  8  by  8  by  |-in.  angles,  three  66  by  l-in. 
web  plates  on  each  side,  with  8  by  6  by  i-in.  flange  angles  on  the 
outside  and  8  by  8  by  l-in.  flange  angles  on  the  inside.  Central  with 
the  diaphragm,  on  the  outside  of  the  plates,  are  placed  a  17^  by  i-in. 
plate  and  two  8  by  6  by  |-in.  angles,  the  8-in.  leg  being  against  the 
main  plate,  and  two  6  by  xi^'iii-  fillers  are  between  the  outstanding 
6-in.  legs.  Double  6^  by  i-in.  lacing  bars  are  used  on  the  inside  of 
the  flange  angles,  and  are  tie-plated  over  the  outer  flange  angles, 
similar  to  the  chord  construction.  These  posts  were  made  up  in  three 
sections  above  the  L,o  stub.    The  total  weight  of  each  post  is  224  tons. 

Shop  Assembtjng. 

The  main-tower  posts,  L^^-TJ-^^^,  including  the  L^^  stub,  were 
assembled  in  the  shop  after  the  butting  joints  had  been  most  care- 
fully faced.  The  splices  were  drilled  after  the  sections  were  in  proper 
alignment  and  the  joints  had  been  drawn  up  to  tight  contact.  In 
drilling  these  and  other  shop-assembled  splices,  the  members  were 
laid  down  with  the  inside  face  up.  About  every  sixth  hole  of  the  splice 
or  connection  had  been  punched  or  drilled  through  all  the  material 
in  order  to  allow  assembling  bolts  to  be  used.  All  other  holes  were 
blank,  except  in  the  upper  layer  of  plates  or  angles  of  each  side,  as 
it  was  lying  in  the  shop,  which  was  the  outside  layer  of  the  inside 
web  and  the  inside  layer  of  the  outside  web.  All  holes  were  punched 
or  drilled  small,  and,  with  these  holes  as  a  template,  all  the  other 
holes  were  drilled  through  them ;  first  short  drills  were  used  in  the 
inner  webs,  then  long  drills  were  inserted  through  these  holes  and 
guided  by  them;  these  drills  then  entered  the  holes  of  the  inner  layer 
of  plates  or  angles  of  the  outside  web,  and  were  guided  by  them  in 
passing  through  the  remainder  of  the  material.  The  holes,  which 
had  been  previously  provided  all  the  way  through  the  material  for 
bolting,  were  reamed  after  the  other  holes  were  bolted  up.  When  shop- 
assembling  the  trusses,  the  members  were  lined  with  a  transit  to  the 
estimated   dead-load   deflection   after   erection. 

After  the  posts,  L^^-TJ^q,  were  drilled,  the  bottom  chords,  L^-L^^ 
and  L^Q-L^g,  with  the  L^g  stub,  were  assembled.  Fig.  2,  Plate  VI,  and 
properly  lined  up  in  a  position  corresponding  to  the  deflection  under 
dead  load  in  the  structure,  in  which  position  the  splices  were  drilled, 
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TABLE  1. — Record  of  Full  Sized  EieB.^r  Tests — Ohio  River  Bridge,  Pittsburg  and  Lake  Erie  Railroad,  1909. 


SK  152 

?  41  oi; 
»il  006 
9  60  300 
U19  161 

1  a  036 

2  44  034 
H44  03? 
144  003 
S41  Oil 

6  49  462 

7  40  090 

8  44  073 
»44  OOI 
Oil  068 

144  064 

2  41  0S« 

3  40  105 

4  42  108 

5  41  061 

641  064 
7  10  067 
Six  063 

9  44  060 

0  40  07ti 

1  S3  076  . 
2 10  106 

13  34  079  . 

14  34  079 

15  50  296 

16  46  235 

17  45  237 
»45  237 
19  4S  234 
W  45  238 

11 46  294 
12  42  286 


242  511 

3  817 

2  311 

168  353 

245  501 

15  330 
13  415 
15  865 
2636 


244  916 
34  665 
26  584 


36  7T7 
45183 
21524 

80  779 
22  823 
22  015 
21677 
26  523 


166  611 

161  669 

162  279 
162  2S0 
161282 
102  782 

109  337 


31744 
31730 
22  009 
22  400 


0  61  920 
0  65  760 


35140 
33  060 

33  500 

34  470 

33  950 

37  650 

36  400 

37  030 

34  320 
37  920 

34  730 
33  300 

33  000 
36  6011 

34  940 


37  660 
34  180 
36  020 


64  480 
60  200 
59  440 
69  910 
58  330 

62  500 
64  720 

64  730 
SI  130 

63  090 

65  630 
62  860 
68  400 

64  920 
62  010 

3  65  840 
3  65  401) 
) 62  140 
3  62  440 
DCS  450 

66  720 
64  180 

'4  410 


31.32 
21.03 
32,40 

32.40 
34.01 
30.61 


30.47 
23.24 
23.37 
28.66 


28.40 
24.08 
28.32 
24.42 
23.30 


27.20 
20.01 

13.00 


14  X  Ij 
14  X  18 

12  X  1) 
8xl| 
8xl|j 
16  X  2 
16  X  2 

14X1H 


34140 
30  600 


i  33  170 

S  82  800 

29  850 

39  270 


07  180 
53  610 

ri61  610 
0  64  660 
0  66  060 
0  65  870 
0  67  960 

0  64  910 
0  69  900 
62  210 
61  000 
64  320 
67  330 


29  290 
37  410 
34  230 
ai  600 


61  500 

64  C20 

65  550 
61  460 


12.30       { 
18.03 

21.10 
20.91 
18.06 
22.77 
22.80 

21.26 
j    ]0.85-'M' 
I    10.90-''S' 

1035 

10.96 

32  16 

32.113 

23.90 
23.62 
34.32 
34.49 


13.02 
15.80 
19-24 


17.49 
18.63 
19.00 
19.21 
17.49 


15.24 
ll.Dl 
18.74 
15.87 

16.95 
14.16 
17.59 
13.91 
1L69 


16.60 
19.18 
10.67 


Broke  in 

10.34 

11.36 
10.60 
9.03 
13.10 
18.58 

17.09 

bead  "/) ' 

Broke  in 

head  "A' 

18.33 

18.46 

12,76 
14.21 
21.06 
23.42 


Ifl 


34.00 
31.00 
30.00 
36.00 
34.00 

31.00 
31.00 
30.00 
30.00 
30.00 

22.00 
28.00 
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as  described  for  the  main  posts.  The  bottom  chords,  from  L^,  to 
Zg,  were  tlien,  by  bending,  put  in  a  position  to  correspond  to  the 
position  of  these  chords  in  the  truss  without  stress;  the  top  chords 
and  web  members  iip  to  Lq-U^  were  then  assembled  to  these  chords 
where  necessary.  The  web  members  were  bent  so  that  when  the  truss 
was  swung  under  dead  load  their  alignment  would  be  straight.  After 
the  truss  was  lined  up  accurately  and  made  true  in  every  part,  all 
the  connections  were  drilled  as  described  for  the  tower  posts. 

For  the  cantilever  arm,  the  bottom  chord,  L^^  to  L^^,  was  assembled 
to  the  members,  L^^-U^^  and  L^^-TJ-^^,  in  the  deflected  position,  after 
which  the  connections  at  L^^  and  L^e  were  drilled. 

As  it  was  considered  undesirable  to  depend  on  bolts  during  erec- 
tion, the  members,  L^^-U^^  and  L^^-U-^^,  were  field-spliced  near  the 
Lj^  and  L^^  points.  After  the  splices  in  these  members  had  been 
properly  drilled  and  tightly  bolted  up,  they  were  assembled  to  the 
bottom  chord,  as  described;  and,  after  the  connections  to  this  chord 
had  been  drilled,  the  splices  in  the  members  were  cut  and  the  short 
pieces  were  riveted  to  the  bottom-chord  panel  points  without  chang- 
ing their  position  from  that  in  which  they  were  reamed  or  drilled. 
This  did  away  with  any  dependence  on  field  bolts  during  erection,  as 
perfect  butt  joints  were  available;  it  also  insured  having  the  connec- 
tions made  in  a  position  which  corresponded  with  the  final  deflected 
position  of  the  truss.  When  coupling  up  during  erection,  these  mem- 
bers had  to  be  bent;  this,  however,  caused  no  trouble. 

Floor-beam  and  stringer  connections  were  generally  sub-punched 
and  reamed  to  templates. 

Inspection  and  Tests. 

The  work  at  all  times,  at  the  mill,  the  shop,  and  in  the  field,  was 
under  thorough  inspection.  All  measurements  were  made  by  the  con- 
tractors, and  also  by  the  inspector,  with  steel  tapes  and  other  instru- 
ments carefully  compared  with  the  Railroad  Company's  standards, 
which  had  been  checked  and  corrected  by  the  Bureau  of  Standards 
at  Washington,  D.  C.  Steel-tape  measurements  were  made  under  uni- 
form tension  by  the  use  of  spring  balances. 

The  unusually  large  riveted  connections  and  splices,  built  up  of 
many  thicknesses  of  plates  and  angles,  presented  difficulties  in  pro- 
viding perfectly  flat  plates  of  even  thickness. 

The  chief  reason  that  the  results,  as  to  the  quality  of  material 
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and  workmanship,  were  so  satisfactory,  apart  from  the  great  interest 
everyone  responsible  for  any  part  showed  in  the  work,  was  the  fact 
that  the  material  and  the  work  were  in  a  certain  sense  inspected 
before  the  work  was  done.  This  was  accomplished  by  the  very 
efficient  manner  in  which  the  inspectors  discussed  in  advance  all 
details  (and  particularly  the  difficult  points  to  be  overcome)  with  the 
mill  men  and  the  shop  men;  in  this  mjanner  hearty  co-operation  was 
secured,  which  insured  satisfactory  results. 

Some  of  the  joints  required  flat  plates  and  rolled  shapes  to  be 
built  up  to  a  thickness  of  7i  in.  Any  variations  in  the  thickness  of 
these  plates  or  in  their  flatness  would  have  caused  serious  trouble. 

The  work  of  driving  1-in.  rivets  through  this  thickness  of  material, 
in  the  shop  and  in  the  field,  so  that  the  rivet  would  be  tight,  also 
required  much  study  and  care  by  the  contractors  as  well  as  by  the 
inspectors.  The  results  secured  were  entirely  satisfactory.  The  best 
shape  for  long  rivets  in  the  stock  near  the  head  was  determined  by 
much  experimental  driving.  Milling  and  boring  were  done  by  taking 
a  rough  cut  first,  then  the  measurements  were  checked  and  adjust- 
ments made  if  necessary  before  making  the  finishing  cut.  All  pin 
holes  were  located  very  carefully  for  position  and  direction.  Eye-bar 
pin  holes  were  bored  with  two  cuts.  The  clearance  between  the  pins 
and  the  pin  holes,  for  pins  from  12  to  16  in.  in  diameter,  was  required 
to  be  -^^  in.,  and  the  variations  were  limited  to  from  0.03  to  0.04  in. 
In  order  to  meet  this  narrow  margin,  every  cutter  was  carefully  gauged 
and  recorded,  and  every  pin  hole  cut  by  each  cutter  was  measured 
and  recorded.  It  was  found  that  the  holes  from  12  to  16  in.  in  diame- 
ter, made  by  all  cutters,  were  uniformly  from  0.004  to  0.005  in.  larger 
than  the  size  of  the  cutter.  After  this  was  established  there  was  very 
little  trouble  in  cutting  the  pin  holes  to  the  exact  diameter  desired. 
The  cutters  had  to  be  changed  frequently,  on  account  of  wear.  A  few 
pin  holes  had  been  made  before  the  variations  in  size  between  the  pin 
and  the  hole  had  been  determined;  some  of  these,  with  variations  of 
0.024  in.,  caused  considerable  trouble  during  erection,  as  the  pins 
drove  exceedingly  hard. 

All  material  was  tested,  and  many  tests  were,  made  for  compression. 
Tests  were  also  made  on  rollers,  on  sections  1  in.  long. 

Full-sized  compression  members  were  not  tested.  Full-sized  eye- 
baxs  were  tested,  as  required  by  the  specifications.  Table  1,  Plate 
VITI,  gives  the  results  of  these  tests. 
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The  annealing  of  eye-bars  and  steel  castings  received  much  atten- 
tion; the  eye-bar  tests  show  great  uniformity,  and  the  thorough  anneal- 
ing of  the  steel  castings  made  the  steel  in  them  very  ductile. 

Eye-bars  were  tested  for  elastic  limit,  ultimate  strength,  strotcli, 
and  reduction.  The  stretch  of  the  bar  due  to  the  bedding  of  the 
pin  against  the  eye  was  noted;  and,  although  it  could  not  be  correctly 
measured,  it  was  found  to  be  generally  as  much  as  ^  in.  for  each 
head  when  the  elastic  limit  was  reached. 

Rolled-steel  coupons,  1  in.  in  diameter  and  1  in.  long,  taken  from 
eye-bar  stock,  showed  a  yield  point  in  compression  of  from  27  000 
to  29  000  lb.  per  sq.  in.,  at  which  time  the  first  permanent  set  of 
from  0.001  to  0.002  in.  could  be  observed.  The  yield  increased  to 
15%  at  100  000-lb.  pressure.  After  the  100  000-lb.  pressure  was  passed, 
the  steel  flowed,  the  test  pieces  swelling  in  diameter  under  the  slowly 
increasing  pressure  until,  at  250  000  lb.,  the  original  height  of  1  in. 
was  reduced  50%  and  the  original  diameter  of  1  in.  was  increased  to 
ly^(5  in.    This  pressure  did  not  develop  any  distortions  or  surface  cracks. 

The  12-in.  roller  sections  were  tested  in  pieces  1  in.  thick  cut 
from  the  ends  of  the  rollers.  This  test  was  made  to  develop  the  safe 
bearing  load  per  linear  inch  of  the  12-in.  rollers  under  the  tower 
posts.  The  loads  applied  to  specimens  of  this  size  varied  from  10  000 
to  16  000  lb.  by  1  000-lb.  increments.  No  set  could  be  detected,  after 
these  loads  had  been  applied  in  turn;  at  25  000  lb.,  one  specimen 
showed  a  set  of  0.006  in. ;  at  32  000  lb.,  another  showed  a  set  of 
0.007  in. ;  at  50  000  lb.,  another  showed  a  set  of  0.032  in. 

The  first  two  tests  given  were  made  on  a  compression  testing 
machine,  and  were  satisfactory;  the  last  one  was  made  on  a  tension 
machine,  which  did  not  work  properly. 

The  maximum  loading  the  12-in.  rollers  will  have  to  support  in 
the  bridge  will  be  less  than  6  000  lb.  per  lin.  in. 

In  summing  up  the  results  of  the  tests,  it  appears  that  rolled 
medium  steel,  of  66  000  lb.  ultimate  strength  and  35  000  lb.  elastic 
limit  in  tension,  has  a  yield  point  in  compression  of  from  27  000  to 
29  000  lb.;  this  steel  sets  15%  under  a  compression  of  100  000  lb. 
per  sq.  in. 

Cast  steel  of  from  65  000  to  70  000  lb.  ultimate  strength  and 
35  000  lb.  elastic  limit  in  tension  has  a  yield  point  in  compression 
of  about  13  000  lb.,  and  sets  16%  under  100  000  lb.  on  1-in.  cylinders. 
Manganese-bronze   of   80  000  lb.   ultimate   strength   and  from  41 000 
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to  43  000  lb.  elastic  limit  in  tension,  has  a  yield  point  in  compression 
at  28  000  lb.  per  sq.  in.,  and  a  set  of  from  9^  to  10%  under  a  load  of 
100  000  lb. 

ElVETIXG. 

The  material  was  punched  g  in.  smaller  and  reamed  xs  ^^*  larger 
than  the  nominal  diameter  of  the  rivet,  with  the  exception  of  laterals, 
skid  girders,  lacing,  tie-plates,  and  diaphragms,  in  which  members 
full-sized  punching  was  allowed;  material  more  than  |  in.  thick,  in 
tension,  and  more  than  I  in.  thick,  in  compression,  was  drilled  from 
the  solid.  iSTo  punching  was  allowed  in  the  big  connection  plates  in 
the  trusses.  When  assembling  the  joints,  made  up  of  many  thicknesses 
of  plates  and  angles,  the  material  was  cleaned  and  painted  with  much 
care,  the  paint  used  on  the  surfaces  in  contact  being  made  thin  in 
order  that  the  thickness  might  not  be  increased  appreciably.  In  the 
trusses  of  the  anchor  and  the  cantilever  arms,  in  the  floor-beams,  and 
also  in  the  connections  between  stringers  and  floor-beams,  generally, 
1-in.  rivets  were  used,  and  |-in.  rivets  in  the  other  parts.  All  1-in. 
rivets  with  more  than  4-in.  grip  were  tapered,  these  rivets  having  a 
diameter  of  1^\  in.  under  the  shop  head  and  1  in.  at  the  point.  The 
tapered  rivets  had  to  be  forced  into  the  holes  with  a  slight  pressure. 
They  filled  the  holes  admirably,  and  gave  excellent  results  in  the  shop 
and  in  the  field.  The  largest  grip  used  was  7i  in.  The  number  of 
loose  field  rivets  was  less  than  2  per  cent.  The  field  rivets  were  driven 
with  pneumatic  hammers.  Numerous  tests  showed  that  straight  1-in. 
rivets,  with  a  grip  of  4^  in.  or  more,  bent  sidewise  in  the  hole  about 
4  in.  from  the  unfinished  head,  and,  after  coming  to  a  bearing  on  the 
walls  of  the  rivet  hole,  all  upsetting  below  this  point  ceased. 

Tapered  rivets  stood  up  straight  and  filled  the  holes.     The  points 

of  all  long  rivets  were  dipped  in  water  before  driving.     It  was  found 

necessary  to  have  the  diameter  of  the  rivets  not  greater  than  1/j  in.  at 

the  base  of  the  taper.    For  this  reason  the  dies  for  making  these  rivets 

had  to  be  renewed  frequently.     If  the  rivets  were  too  large,  the  walls 

of  the  rivet  hole  would  scrape  the  metal  back,   and  a  fin  would  be 

formed  between  the  shop  head  and  the  member,  making  it  impossible 

to  get  the  rivet  tight. 

Skid  Girders. 

The  skid  girders,  two  on  each  side  of  the  bridge,  are  unique  and 
of    unusual    interest,    in    forming,    with    the    special    floor    design,    a 
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Fig.  2. — Erection  of  Anchor  Arm. 
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remarkable  protection  against  a  eatastrophe  in  case  of  a  derailment. 
There  are  two  horizontal  skid  girders  for  each  truss,  one  vertically 
over  the  other,  4  and  6  ft.,  respectively,  above  the  top  of  the  ties.  The 
chords  on  the  track  side  of  the  trusses  are  made  up  of  6  by  6  by  i-in. 
angles  and  12^  by  ^-in.  web  plates.  The  outside  chords  have  6  by  6 
by  i-'m.  angles  and  lOJ  by  ^-in.  plates.  These  chords  are  5  ft.  4i  in. 
apart,  and  are  connected  by  web  members  made  up  of  3^  by  3i  by  f-in. 
angles. 

The  track  faces  of  these  skid  girders  are  smooth  and  continuous, 
and  7  ft.  0  in.  from  the  center  line  of  the  adjacent  track.  They  have 
expansion  joints  at  the  proper  locations,  with  rivets  countersunk  on 
the  track  faces  of  the  chords. 

The  skid  girders  are  attached  to  the  main-truss  members  by  angles 
connecting  with  the  skid-girder  chord  web-plates. 

Details. 

Especial  attention  was  given  to  the  details  of  the  chord  splices 
and  the  connections  of  the  web  members  with  the  chords,  so  as  to  pick 
up  the  material  gradually  and  also  have  the  splice  material  arranged 
symmetrically  as  far  as  was  possible. 

In  the  anchor  arm  the  panel  points  are  shop-riveted  to  the  bottom- 
chord  sections.  It  was  decided  to  be  undesirable  to  locate  the  splices 
in  the  bottom  chord  of  the  cantilever  arm  in  this  manner,  on  account 
of  the  great  weight,  for  erection  purposes,  of  a  chord  section  combined 
with  a  riveted  panel  point,  which  weight  would  be  about  86  tons.  For 
this  reason,  splices  were  made  in  the  bottom  chords  on  each  side  of  the 
main  panel  points,  thereby  reducing  the  weight  of  the  heaviest  single 
member  to  about  49  tons. 

The  suspended  span  is  hung  on  independent  pins;  the  upper  one 
is  located  in  the  attachment  plates  of  C/^g  joint,  vertically  below  the 
panel-point  pin;  the  lower  one  is  in  the  attachment  plates  connecting 
the  truss  members  at  the  end  of  the  suspended  span,  and  directly  above 
their  intersection  point,  and  at  the  same  time  not  in  the  way  of  ample 
floor-beam  connections.  This  arrangement  simplified  the  erection 
problems  and  permitted  the  use  of  a  very  satisfactory  development  of 
bushing  around  the  pins  in  the  suspension  hangers  so  as  to  reduce  the 
pin-bearing  stresses  to  values  suitable  for  the  motion  of  rotation  under 
loads. 
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The  suspension  members  are  built  up  of  stiff  sections,  and  are 
proportioned  for  the  loads  in  tension  as  well  as  for  bending  stresses 
caused  by  a  friction  of  25%  on  the  pins  resisting  rotation. 

The  pin  holes  in  these  members  are  provided  with  steel  bushings 
and  manganese-bronze  linings.  Eye-bars  were  considered,  bvit  were 
not  used,  as  the  estimated  effect  of  the  bending  stress  was  too  great. 

The  floor-beams  are  riveted  to  the  trusses,  and  the  stringers  are 
riveted  to  the  floor-beams  only  in  alternate  bays;  at  all  other  points 
they  are  supported  on  shelves,  with  room  for  expansion  at  the  free 
ends,  so  as  to  limit  the  secondary  stresses  in  the  floor  system  and  the 
bending  of  the  free  ends  of  the  floor-beams  due  to  changes  in  the 
length  of  the  chords  under  live-load  stresses. 

Floor. 

The  floor  on  this  bridge  was  designed  to  be  safe,  not  only  when 
all  wheels  are  on  the  rails,  but  also  under  any  probable  condition 
resulting  from  a  derailment  on  the  bridge. 

Four  stringers,  2^  ft.  from  center  to  center,  are  placed  under  each 
gauntlet,  and  there  is  a  ninth  line  of  stringers  under  the  center  line 
between  the  trusses  to  support  the  inner  ends  of  the  ties.  Each 
gauntlet  has  four  main-track  rails  and  two  inner-rail  guard-rails, 
making  twelve  lines  of  100-lb.  rails  on  the  bridge  floor. 

The  ties  are  of  7  by  9-in.  white  oak,  12^  ft.  long,  placed  on  edge  and 
sized  to  8J  in.  The  inner  ends  of  the  ties  butt  on  the  center  line  of  the 
center  stringers.  The  ties  are  3  in.  apart  in  the  clear.  This  spacing 
is  maintained  by  using  three  lines  of  wooden-block  spacers  or  sepa- 
rators on  each  half  of  the  floor,  to  prevent  bunching. 

The  tops  of  the  ties  are  about  IJ  in.  above  the  tops  of  the  floor- 
beams,  and  are  held  about  1  in.  away  from  them  by  the  use  of  metal 
plates,  in  order  to  allow  cinders  to  be  blown  off  the  floor-beams  by 
passing  trains. 

Wooden  guards  are  not  used,  as  the  modern  steel-ear  construction, 
with  drop  doors,  has  forced  their  location  below  a  plane  through  the 
top  of  the  rails  within  5  ft.  of  the  center  of  the  track,  thereby  defeating 
the  object  of  their  use.  The  spacing  of  the  ties,  formerly  secured  in  an 
indifferent  manner  by  dapping  the  guard-rails  over  the  ties,  is  accom- 
plished much  more  effectively  by  the  block  spacers  used. 

All  the  ties  and  the  spacing  blocks,  oak  and  pine,  respectively,  have 
been  treated  chemically  by  immersion  in  an  open  tank  of  Carbolineum 
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Avcnarius  lioated  to  a  temperature  of  ii60°  Falir.  The  construction 
of  the  deck  is  sliown  on  Phite  IX,  All  track  rails  are  supported  on 
double-shoulder  tie-plates  secured  to  the  ties  by  screw-spikes,  as  shown 
on  Figs.  1  and  2.    No  special  expansion  joints  are  used  in  the  rails. 

The  bridge  expansion  provision  amounts  to  about  5  in.  at  the  L^ 
points  and  to  a  total  of  8  in.  at  the  ends  of  the  suspended  span. 

The  rails  are  33  ft.  long.  The  standard  rail  splices  used  allow  an 
extreme  movement  of  i  in.  at  each  rail  joint,  which  amount  is  suffi- 
cient to  accommodate  a  temperature  change  of  140°  Fahr.  The  rails 
were  given  the  proper  spacing  when  laid,  with  the  assumption  that  the 
temperature  would  vary  from  20°  below  to  120°  above  zero.  The  rails 
were  then  immediately  secured  to  the  floor  over  the  "fixed"  points  of 
the  bridge,  and,  on  the  shore  side  of  the  abutment,  on  the  tracks 
approaching  the  bridge,  by  the  use  of  efficient  anti-creeping  devices,  as 
shown  on  Fig.  3.  Between  these  fixed  points  the  rails  are  free  to 
travel  on  the  tie-plates.  All  spikes  in  the  vicinity  of  the  joints  are 
located  so  that  they  will  not  interfere  with  the  free  travel  of  the  rails, 
the  assumption  being  that  both  the  rails  and  the  bridge  are  provided 
with  sufficient  freedom  to  expand  and  contract  between  these  fixed 
points,  the  rails  by  distributed  expansion  points,  and  the  bridge  at  one 
or  two  located  points;  and  that  the  two  movements  will  be  adjusted  by 
the  rails  moving  between  the  fixed  points  in  the  tie-plates.  No  anti- 
creeping  devices  are  used  on  the  suspended  span. 

Wind, 

Considerable  wind  stresses  have  to  be  taken  care  of  by  the  anchor 
masonry  at  the  L,,  points,  where,  under  the  passage  of  each  train,  the 
vertical  reactions  are  zero,  and  the  normal  reactions  under  dead  loads 
alone  are  not  great.  For  these  reasons,  it  was  decided  to  transfer  the 
wind  stresses  to  the  anchor  masonry  by  using  wind  buffers  built  into 
the  masonry  and  securely  anchored  to  it.  These  buffers  engage  with  the 
bridge  between  brackets  attached  to  the  bottom  of  the  end  floor-beams, 
bearing  plates  of  manganese-bronze  being  used  between  the  buffers 
and  the  brackets.  These  buffers  allow  freedom  of  motion  in  the  bridge, 
longitudinally  and  vertically,  but  resist  all  side  motion. 

The  wind  bracing,  commencing  at  these  buffers,  is  continuous 
between  the  upper  as  well  as  the  lower  chords  to  the  U ^^  point  in  the 
upper  system  and  to  the  Ljg  point  in  the  lower,  where  it  engages  the 
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portal  strut  of  the  suspended  span  and  its  end  floor-beam,  respectively, 
at  their  middle  points,  by  pins  and  castings  sliding  between  bronze 
plates  in  the  strut,  or  between  the  brackets  on  the  end  floor-beam.  The 
wind  bracing  in  the  suspended  span  is  complete  between  these  sup- 
porting points  at  its  ends.    All  wind  bracing  is  stiff  throughout. 

Falsework  and  Erection. 

The  falsework  was  designed  to  support  heavy  concentrations  of  load 
under  the  anchor  arms,  making  double  bents  necessary  imder  the  main 
panel  points,  and  was  built  on  pile  foundations,  the  piles  being  driven 
to  refusal  by  a  steam  hammer.  No  settlements  occurred  in  the  false- 
work during  erection. 

The  work  of  erection  was  handled  very  efficiently  and  expeditiously 
by  the  contractor.  An  outside  gantry  traveler  was  used  for  all  material 
erected  on  the  falsework;  this  included  the  fixed  span,  the  anchor  arms, 
and  a  sufficient  portion  of  the  cantilever  arms  beyond  the  main  piers  to 
allow  the  erection  of  the  main  towers,  the  inclined  posts,  and  the  first 
two-i)anel  section  of  the  lower  chords  of  the  cantilever  arms,  as  shown 
by  Figs.  1  and  2,  Plate  X,  and  Fig.  1,  Plate  XL  The  remaining  por- 
tions of  the  cantilever  arms  and  the  suspended  span  were  erected  with 
a  crpeper  traveler  (as  shown  by  Fig.  2,  Plate  XI,  and  Figs.  1  and  2, 
Plate  XII),  or  a  traveling  derrick,  attached  to  the  top-chord  panel 
points  when  in  operation,  and  moved  ahead  on  ways  attached  to  the 
same  points,  which  points  were  designed  to  serve  this  purpose. 

The  creeper  traveler  was  very  complete  in  all  its  details,  its  weight 
was  counterbalanced  while  moving  it  from  panel  to  panel,  and  it  was 
handled  with  great  certainty  and  promptness.  The  erection  was  com- 
menced at  the  south  or  Monaca  abutment  by  placing  the  anchor  eye- 
bars  and  the  L^  steel  castings.  The  floor-beams  and  stringers  were 
then  put  in  place  to  receive  the  material  tracks.  This  work  was  con- 
tinued to  the  LjQ  point,  where  the  cast-steel  tower-post  bearings  and 
rollers  were  put  in  place. 

The  "L^^  stubs"  were  then  put  in  position  on  the  cast-steel  bearings. 
These  stubs  consisted  of  the  lower  sections  of  the  posts,  with  strut 
sections  of  the  lower  chords  and  the  L^^  panel  point,  with  all  its  plates 
and  angles  shop-riveted.  This  work  was  done  with  the  gantry  traveler. 
The  traveler  was  then  moved  toward  the  abutment,  setting  the  lower- 
chord  sections,  and  attaching  them  to  the  floor-beams  as  they  were  put 
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Fig.  1. — Erecting  Cantilever  Arm  with  Creeper  Traveler. 


Fig.   2. — Erection  of  Cantilever  Arm. 
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in  place.  This  being  completed  at  the  L^  point,  the  erection  of  the 
trusses  was  commenced  at  the  same  point,  and  the  work  was  finished 
as  the  traveler  was  moved  from  point  to  point  to  the  main-tower  posts, 
where  it  was  placed  in  a  practically  central  position  over  the  pier.  In 
this  position  the  towers  were  erected,  the  upper  sections  and  the  U^q 
posts  being  put  in  place  by  stiff-leg  derricks  placed  on  top  of  the 
gantry  traveler.  With  the  derricks  in  this  position,  the  towers  were 
completed,  the  upper  chords  and  the  first  double-panel  sections  of  the 
cantilever  arm  were  put  in  place,  and  all  connections  for  extending  the 
cantilever  arm  were  coupled  in  the  completed  L^^^  and  U^^  Points.  These 
derricks  were  then  used  in  erecting  the  creeper  traveler  in  place  on  the 
completed  top  chords  between  the  ZJ^j  and  U^^  points.  The  ganti-y  traveler 
was  practically  built  in  the  structure  as  the  tower  sections  were  com- 
pleted up  through  it,  making  it  necessary  to  take  the  traveler  down,  in 
order  to  remove  it.  When  this  was  done,  the  traveler  was  moved  to  the 
Beaver  end  of  the  bridge,  and  used  in  the  erection  of  the  370-ft.  fixed 
span,  as  shown  by  Fig.  1,  Plate  XIII,  after  which  it  was  moved 
forward  and  used  on  the  Beaver  anchor  arm  erection,  the  same  as  at 
the  Monaca  end. 

The  material  erected  by  the  gantry  traveler  was  delivered  by  cars; 
that  erected  by  the  creeper  traveler  was  delivered  by  barges  on  the 
river  (Fig.  2,  Plate  XIII),  and  hoisted  directly  from  them.  The 
material  was  loaded  on  the  barges  at  the  contractors'  bridge  plant,  at 
Rankin,  Pa.,  about  35  miles  above  the  bridge  site. 

The  adjusting  device  used  during  erection,  in  making  the  final 
connections  between  the  two  halves  of  the  suspended  span,  consisted 
of  wedges  operated  by  large  screws  in  the  bottom  chords  at  the  L^g 
points,  and  toggle  joints  in  the  top  chords,  also  operated  by  screws. 
These  wedges  and  toggles  were  set  so  that  each  half  of  the  suspended 
span  was  erected  and  held  in  a  position  a  little  forwaVd  and  upward 
from  its  final  location,  making  the  distance  between  the  erected  ends 
of  the  top  chords  on  each  side  of  the  center  of  the  bridge  a  little  in 
excess  of  the  length  of  the  closure  section.  The  bottom  chord  points 
were  a  little  closer  together  than  their  final  position,  which  allowed  the 
eye-bars  to  be  coupled  and  the  pins  driven  with  the  center  panel  point 
a  little  below  the  line  of  the  bottom  chords.  After  the  closure  sections 
of  the  top  chords  Avere  in  position,  the  bottom  chords  connected  up,  and 
the  web  members  secured  in  place,  the  wedges  and  the  toggles  were 
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Fig,  1. — Erecting  Fixed  Spax  with  Traveler. 


Fig.    2. — Bridge   Material   Delivered  on   Barges. 
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operated,  and,  as  the  two  parts  of  the  suspended  span  came  into 
position,  the  chord  splices  were  connected,  thereby  completing  the  span 
This  closure  is  shown  on  Plate  XIV. 

The  mode  of  erecting  the  bridge,  and  the  devices,  derricks,  and 
tools  necessary  for  erection  and  adjustment,  also  the  detail  of  the 
falsework  under  the  anchor  arms  and  the  fixed  span  were  left  to  the 
choice  of  the  contractor,  subject  to  the  approval  of  the  Railroad  Com- 
pnny  as  to  their  general  sufficiency  and  strength. 

Weights. 

Steel    anchors 399  3681b. 

Trusses,  floors,  and  skid  girders.  ...  31  441  211  " 
Cast-steel     work,     including    main- 
tower  rollers 526  211  " 

Total 32  366  790  lb.  =  16  184  tons. 

The  370-ft.  fixed  span  included  in  the  foregoing  figures  weighs 
2  206  tons,  and  the  suspended  span,  also  included  in  the  total,  weighs 
1  596  tons.  The  dead  load  in  the  wooden  deck  and  rails  amounts  to 
900  tons. 

Special   Loading  on   the   Bridge 
Used  to  Adjust  the  Wedges  at  the  L^  Points. 

After  the  completion  of  the  bridge,  and  before  it  was  put  in  service, 
a  special  loading  was  placed  on  it  in  order  to  develop  stresses  in  the 
anchor  eye-bars  in  excess  of  the  working  loads,  and  thereby  allow  the 
wedges  at  the  L^  points  to  be  set  up  so  as  to  maintain  this  maximum 
tension  in  these  eye-bars.  For  this  purpose,  eight  locomotives  and 
twenty  loaded  cars  were  made  up  in  two  trains,  one  for  each  track,  each 
consisting  of  five  cars,  four  locomotives,  and  five  cars,  weighing  as 
follows,  for  each  track: 

5  cars    749  100  lb. 

4  locomotives    1  344  000  " 

5  cars 749  100  " 

These  trains  were  placed  side  by  side,  with  the  forward  ends  at 
the  tower  pier  adjacent  to  the  anchorage  to  be  adjusted,  the  trains 
being  entirely  on  the  cantilever  arm  and  the  suspended  span. 

Elevations  were  taken  at  each  floor-beam  before,  during,  and  after 
the  application  of  the  load,  and  the  "travel"  of  the  U^^  Poi"<^  ^^^^  noted 
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by  using  a  transit  to  plumb  down  to  the  masonry  from  that  point.     The 
details  of  the  measurements  are  given  in  Table  2. 

TABLE  2. — Elevations  of  Floor-Beams  on  Ohio  River  Bridge 
During  Test,  May  10th,  1910. 


Point 
read. 

West  Side. 

East  Side. 

Before 
loading. 

During 
load. 

Differ- 
ence. 

After 

load 

removed. 

Before 
loading. 

During 
load. 

Differ- 
ence, 

After 

load 

removed. 

North  Span  (Load  on  North  Cantilever  Arm  and 
Suspended  Span). 


L  0 
L  4 
L  6 
L  10 
L14 
L16 
il8 
1,23 


755.659 

755.695 

—0.036 

755.667 

755.653 

755.669 

—0.016 

756.043 

756.115 

-0.072 

756.049 

756.038 

756.109 

—0.071 

756.176 

756.245 

—0.069 

756.181 

756.163 

756.234 

—0.071 

756.405 

756.397 

—0.006 

756.401 

756.398 

756.397 

—0.001 

756.455 

756.262 

-0.193 

756.444 

756.460 

756.272 

-0.188 

756.457 

756.155 

-0.302 

756.441 

756.460 

756.160 

-0.300 

756.430 

756.028 

—0.402 

756.409 

7.56.435 

756.016 

-0.419 

756.416 

755.986 

-0.430 

756.388 

756.412 

755.953 

-0.459 

755.675 
756.050 
756.170 
756.396 
756.448 
756.435 
756.407 
756. 3&3 


South  Span  (Load  on  South  Cantilever  Arm  and 
Suspended  Span). 


L23 
£,18 
il6 
L14 
LIO 
L  6 
L  4 
L   0 


756.411 

755.955 

-  0.456 

756.396 

756.423 

755.956 

—0.467 

756.451 

756.031 

—0.420 

756.444 

756.456 

756.043 

-0.413 

756.461 

756.148 

-0.313 

756.457 

756.475 

756.180 

-0.295 

756.481 

756.263 
756.397 

-0.218 

756.475 
756.403 

756.479 

756.292 
7.56.412 

—0.187 

756.197 

756.231 

—0.024 

756.194 

756.203 

756.261 

—0.058 

756.065 

756.088 

—0.023 

756.061 

756.064 

756.121 

—0.057 

755.679 

755.688 

—0.009 

755.680 

755.676 

755.676 

—0.000 

756.398 
7.56.428 
756.460 
756.465 
756.410 
756.200 
756.065 
755.674 


North  Span  (Load  on  Anchor  Span). 


7.55.659 

755.666 

—0.007 

755.667 

755.653 

755.654 

—0.001 

756.043 

755.974 

-0.069 

756.049 

756.038 

755.981 

—0.057 

756.176 

756.116 

—0.060 

756.181 

756.163 

756.111 

—0.052 

756.405 

756.389 

—0.016 

756.401 

756.398 

756.389 

—0.009 

756.455 

756.456 

—0.001 

756.444 

756.460 

756.464 

—0.004 

756.457 

756.462 

-0.005 

756.441 

756.460 

756.464 

—0.004 

756.430 

756.449 

—0.019 

756.409 

756.435 

756.441 

—0.006 

755.675 
756.050 
756.170 
756.396 
756.448 
756.435 
756.407 


Top  of  North  Tower  moved  0. 183  ft.  S.  under  load. 
"    "  South       •'  "       0.150  "  N.      " 

"    '•  North       "  "       0.030  "  N.      "        "      on  Anchor  Span. 

The  deflection  of  the  bridge  and  the  movement  of  the  U^q  points 
corresponded  almost  exactly  with  the  estimated  amounts.  The  rollers 
at  the  L^Q  point  also  responded  to  the  deflection  in  the  lower  chord,  at 
the  rates  of  the  radius  of  the  roller  bearing  to  the  height  of  the  tower. 

Under  the  auspices  of  Mr.  Howard,  of  the  Bureau  of  Standards,  of 
Washington,  D.  C,  extensive  measurements  are  being  made  with  in- 
struments of  precision  between  points  drilled  in  the  material.     These 
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Fig.  1. — Closure  of  Suspended  Spax. 


Fig.  2. — Closure  of  Suspended  Span. 
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points  are  approximately  20  in.  apart,  and  measurements  were  made 
while  the  members  were  under  no  stress  before  erection.  Similar 
measurements  are  being  made  now — after  erection — to  determine,  by 
the  variations  in  length  between  the  holes,  the  amount  of  dead-load 
stress  in  the  members.  These  measurements  are  precise  enough  to 
determine  variations  of  from  150  to  200  lb.  per  sq.  in.,  and  it  is  hoped 
that  a  complete  report  of  them  will  be  made  by  the  Bureau  of 
Standards  in  the  near  future.  By  this  method  it  has  been  determined 
that  the  dead-load  stresses  actually  existing  in  the  lower  (chords  at 
each  side  of  the  main-tower  posts  are,  on  an  average,  5  800  lb.  for  the 
Lg-I/jQ  members  and  5  700  lb.  for  the  L^^^-L^^^  members,  and  that  the 
total  stresses  under  the  live  loading  noted  amounted  to  10  000  lb.  per 
s(i.  in.  in  the  same  members. 

This  bridge  was  constructed  for  The  Pittsburg  and  Lake  Erie 
Railroad  Company,  Colonel  J.  M.  Schoonmaker,  Vice-President,  J.  A. 
Atwood,  M.  Am.  Soc.  C.  E.,  Chief  Engineer,  A.  R.  Raymer,  M.  Am. 
Soc.  C.  E.,  Assistant  Chief  Engineer,  and  Albert  Lucius,  M.  Am.  Soc. 
C.  E.,  Consulting  Bridge  Engineer  and  Inspector. 

It  was  built  by  the  McClintic-Marshall  Construction  Company,  of 
Pittsburg,  Pa.,  Paul  L.  Wolfel,  M.  Am.  Soc.  C.  E.,  Chief  Engineer,  and 
was  completed  in  May,  1910. 

The  writer  is  under  obligations  to  Messrs.  Lucius  and  Wulfel  for 
valuable  assistance  in  the  preparation  of  this  paper. 
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All  textbooks  on  the  subject  of  dams  which  the  writer  has  had 
occasion  to  examine  emphatically  discourage  the  idea  of  attempting  to 
construct  permanent  dams  on  any  kind  of  foundation  other  than  solid 
rock  bottom,  although  most  of  them  contain  one  or  more  illustrations 
of  the  types  which  are  generally  designed  for  construction  on  alluvial 
soils,  such  as  firm  beds  of  clay,  or  deep  strata  of  cemented  gravel 
(commonly  called  "hardpan"),  or  on  sand,  provided  the  conditions 
are  such  as  to  pernut  the  construction  of  a  curtain,  or  cut-off  wall,  of 
sheet-piling,  or  a  core-wall  of  masonry  or  of  clay  puddle,  so  as  to 
penetrate  a  firm  stratum  of  denser  material. 

The  frequent  failures  of  sheet-pile  dams,  on  the  "bottomless"  sand 
beds  of  Western  streams,  have  served  merely  as  the  basis  for  warnings, 
and  not  as  incentives  to  study  and  investigation,  on  the  part  of  the 
authors  of  the  standard  books  on  the  subject  of  dams,  which  the 
practising  engineer  consults  for  information  and  precedents. 

Note. — These  papers  are  issued  before  the  date  set  for  presentation  and  discus- 
sion. Correspondence  is  invited  from  those  who  cannot  be  present  at  the  meeting, 
and  may  be  sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or  written,  will 
be  published  in  a  subsequent  number  of  Proceedings,  and,  when  finally  closed,  the 
papers,  with  discussion  in  full,  will  be  published  in  Transactions. 
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Many  crude  brush  and  log  dams  were  constructed,  and  maintained 
successfully  for  long  periods  of  years,  on  these  "bottomless"  sand 
beds,  by  practical  and  resourceful  pioneers  who  had  no  theories  or 
precedents  other  than  the  example  of  the  beaver. 

The  operations  of  British  engineers  in  contending  with  sand,  during 
the  construction  of  the  large  Government  irrigation  works  in  India, 
furnish  some  expensive  precedents  for  the  expenditure  of  unlimited 
funds;  but,  our  pioneer  Western  irrigation  surveyors  were  confronted 
with  the  problem  of  coping  with  streams  having  apparently  bottomless 
beds  of  shifting  sands,  with  funds  which  were  generally  limited  to 
the  few  dollars  which  the  pioneer  settlers  could  borrow  on  their 
personal  characters  and  future  prospects,  because  their  "desert"  home- 
steads, which  now  rank  among  the  finest  farms  in  the  country,  were 
in  those  times  practically  worthless  as  collateral  security. 

The  writer  has  spent  most  of  his  life  in  the  sandy  regions  of  the 
West,  and  has  had  occasion  to  seek  information  on  practical  methods 
of  dealing  with  treacherous  sand,  as  a  young  engineer  whose  ambitions 
were  involved  in  the  successful  solution  of  such  problems;  therefore 
after  several  years  of  professional  familiarity  with  it,  the  term,  "quick- 
sand," has  less  terror  for  him  than  it  ordinarily  arouses. 

The  following  paper  is  submitted  for  the  consideration  of  those  who 
have  occasion  to  deal  with  such  problems,  not  in  the  sense  of  establish- 
ing authoritative  rules,  but  with  the  hope  of  arousing  discussion,  from 
which  it  may  be  the  writer's  privilege  to  learn  things  which  have  not 
been  brought  out  in  his  own  experience. 

Seepage,  Percolation,  and  the  Movement  of  Underground  Waters. — 
The  velocities  of  flow  which  occur  in  seepage,  pei-colation,  or  in  the 
forced  flow  of  water  through  sand,  gravel,  clay,  loam,  or  other  pervious 
materials,  are  affected  by  coefficients  of  capillary  attraction  and  fric- 
tional  resistance. 

The  effects  of  these  forces  are  co-existent,  but  not  identical,  and 
they  vary  inversely  as  the  sizes  and  proportion  of  the  interstices 
between  the  particles  of  the  alluvium.  In  fine  clay,  therefore,  in 
which  the  interstices  are  of  infinitesimal  size,  it  is  almost  impossible 
to  force  an  appreciable  flow  of  water  through  a  thickness  of  a  few  feet. 
If  water  finds  passage,  however,  through  any  point  of  variable  density, 
or  any  fissure  or  shrinkage  crack,  a  barely  appreciable  trickle,  under 
pressure,   will   rapidly   disintegrate   and   abrade   the  clay,   and,   as   the 
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stream  thus  increases  in  volume,  will  quickly  undermine  or  destroy 
any  structure  which  may  be  dependent  on  the  density  of  the  clay  for 
its  stability. 

In  the  ease  of  sand  or  gravel,  with  relatively  large  interstices,  the 
forces  of  friction  and  capillary  attraction  offer  less  resistance,  and 
therefore  water  may  be  forced  through  them  with  an  appreciable 
velocity  of  flow. 

In  any  alluvial  soil  in  contact  with,  or  subject  to  the  pressure  of, 
water,  a  movement  of  water  through  it  is  inevitable,  whether  it  be  the 
infinitesimal  progress  of  seepage  through  fine  clay,  percolation  through 
sand,  the  flow  through  an  embankment  of  broken  stone,  or  the  rush 
of  water  through  the  crevices  and  open  spaces  between  large  boulders, 
the  safe,  permissible  velocity  of  flow  must  be  confined  to  that  which  the 
material  will  stand  without  the  movement,  displacement,  or  abrasion 
of  the  particles  which  compose  it. 

Turneaure  and  Russell*  refer  to  numerous  experiments  which  have 
been  carried  out  at  various  times  to  determine  the  velocity  at  which 
water  will  flow  through  sands  and  gravels  of  different  grades  of  fine- 
ness. These  experiments  were  made  for  various  purposes,  such  as  to 
determine  the  dimensions  of  sand  filters,  the  probable  supply  of  water 
from  wells,  etc. 

D'Arcy,  Hagen,  Hazen,  and  others,  found  that  for  grades  of  sand 
varying  from  very  fine  sand  to  fine  gravel,  the  velocity  of  flow  closely 
followed  the  law  of  flow  through  capillary  tubes. 

In  considering  the  flow  of  seepage,  or  ground-waters,  we  are  not 
concerned  in  refinements  of  experimental  data  which  indicate  the 
influence  of  temperature  on  the  rate  of  flow;  therefore,  after  eliminat- 
ing these,  the  result  of  the  experiments  is  the  following  f onnula : 

7  =  8  200  d^-  s. 

In  which  V  =^  the  velocity  of  flow,  in  feet  per  day; 

d  =  the  effective  size  of  the  sand  grains  (varying  from 
0.1  mm.,  which  is  very  fine  sand,  to  3  mm.,  which 
is  fine  gravel) ;  and 
s  :=  the   slope   of   the   ground-water  surface    (hydraulic 
gradient) . 

According  to  this  formula,  the  velocity  of  flow  of  ground-water, 

*  In  "  Public  Water  Supplies." 
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through  fine  sand  having  an  etfeetive  size  of  grains  of  U.l  mm.  and 
a  general  slope  of  ground-water  surface  of  5  ft.  per  mile  (hydraulic 
gradient  =  0.001),  would  be: 

V  =  8  200  d-s  =  8  200  X  0.01  X  0.001  =  0.082  ft.  per  day. 
The  velocity  of  flow  through  gravel  having  an  effective  diameter  of 
grains  of  3  mm.  and  a  general  slope  of  water  surface  of  approximately 
50  ft.  per  mile  (hydraulic  gradient  =  0.01)  by  this  formula  would  be: 

y  =  8  200  <^2  s  =  8  200  X  9  X  0.01  =  738  ft.  per  day. 
=  approximately  0.0085  ft.  per  sec. 
The  Report  of  the  Massachusetts  State  Board  of  Health  for  1902 
contains  the  results  of  a  series  of  experiments  to  determine  the  veloci- 
ties of  flow  of  water  which  it  is  possible  to  obtain  through  screened 
gravel,  of  various  grades  of  fineness,  assuming  40%  porosity.  These 
results  are  shown  in  Table  1. 

TABLE  1. — Velocity  of  Flow  of  Water,  in  Feet  per  Day  in  Screened 
Gravel,  Assuming  40%  Porosity,  Based  on  Experiments  of  the 
Massachusetts  State  Board  of  Health. 


Effective  size, 

IN   MILLIMETERS 

Slope, 

s. 

3 

5 

8 

10 

15 

20 

25 

30 

35 

40 

0.00C5 

28 

82 

164 

246 

410 

656 

902 

1230 

1640 

2050 

0.001 

57 

172 

335 

475 

820 

1210 

1680 

2  250 

3080 

3  690 

0.002 

115 

328 

639 

902 

1550 

2  250 

3  030 

3  930 

4  830 

5820 

0.004 

221 

631 

1  230 

1700 

2  870 

3  930 

5  000 

6  060 

7  130 

8200 

0.006 

336 

918 

1  690 

2  250 

3  690 

5  080 

6  390 

7  620 

8  930 

10  100 

0.008 

443 

1  160 

2060 

2  780 

4  340 

5  900 

7  380 

8  930 

10  400 

11800 

0.01 

549 

1410 

2  460 

3  150 

5000 

6  800 

8  440 

10  000 

11  500 



From  an  examination  of  the  figures  in  Table  1,  it  becuiuc.'^  evidiut 
that  all  the  foregoing  experimental  data  are,  at  best,  only  rough 
approximations.  The  formula:  V  =  8-200  d-s,  which  was  determined 
from  experiments  with  various  grades  of  sand,  gives  much  larger 
results  than  the  quantities  in  Table  1  for  screened  gravel.  To 
modify  the  formula  so  as  to  produce  the  results  given  in  that  table 
would  involve  a  variation  of  the  coefiicient  (8  200)  between  6  222 
(for  d  =  S  mm.  and  s  =  0.0005)  to  940  (for  d  =  Z5  mm.  and 
s  =  0.01). 

For  many  years  the  water  supply  of  the  Citizens  Water  Company, 
of   Denver,    was    secured   from    about    a    mile   of   timber    crib,    30    in. 
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square  in  section,  and  about  a  mile  of  perforated  30-in.  pipe,  both 
submerged  in  the  sands  of  the  Platte  River  at  depths  varying  from 
14  to  22  ft.  The  timber  crib  was  open  at  the  bottom,  so  that,  v^^ith 
the  openings  in  the  cribbing,  perhaps  one-half  of  its  superficial  area 
was  open  for  the  inflow  of  water,  while,  for  the  pipe  line,  the  net  area 
of  the  perforations  would  probably  bear  a  much  smaller  ratio  to  the 
circumferential  area  of  the  pipe.  It  may  be  assumed,  therefore,  that 
on  the  2  miles  of  combined  crib  and  pipe  line  the  total  area  of  inlet 
openings  would  approximate  25%  of  the  surface  area  exposed  to 
contact  with  the  water-bearing  sand,  thus  affording  a  total  net  area 
of  inlet  openings  of  26  000  sq.  ft.  The  water  was  led  away  through 
pipes,  hj  natural  flow,  and  the  supply  thus  secured  was  between  400  000 
and  450  000  cu.  ft.  per  day,  which  is  equivalent  to  13  cu.  ft.  per  day 
per  square  foot  of  inlet  opening,  or  a  velocity  of  inflow  of  0.00015  ft. 
per  sec. 

Being  submerged  under  the  bed  of  the  river  at  depths  varying  from 
14  to  22  ft.,  these  cribs  are  entirely  surrounded  by  water-bearing  sand; 
therefore,  as  the  water  may  approach  radially  from  every  direction,  it 
must  be  assumed  that  the  maximum  velocity  of  flow  through  the  sand 
is  less  than  one-fourth  of  the  velocity  of  inflow  through  the  perfora- 
tions and  openings. 

Assuming  an  average  head  of  16  ft.  as  acting  on  these  cribs,  the 
spouting  velocity  of  water  entering  the  pipe  through  one  of  the 
perforations  from  a  free  body  of  water  under  the  pressure  due  to  a 
16-ft.  head  (F  =  \JQ  g  K)  would  be  32  ft.  per  sec,  while  the  actual 
average  velocity  of  inflow  is  only  ^or^ijo  ^^  such  rate. 

All  formulas  for  the  velocity  of  flow  of  water,  under  special  condi- 
tions, are  modifications  of  V  =  \/  2  g  li,  with  coefficients  introduced 
to  provide  for  the  special  conditions  of  frictional  resistances  encoun- 
tered. In  working  backward  from  the  results  indicated  above,  so  as  to 
determine  the  special  coefiicient  which  must  be  applied  to  the  formula 
to  adapt  it  to  this  special  case,  we  obtain  the  following: 

V  =  0.00004  V^^" 
The  lack  of  harmony  in  the  results  indicated  in  all  the  foregoing 
data  makes  it  impractical  to  devise  even  an  approximate  formula  for 
the  determination  of  the  magnitude  of  the  force  produced  by  the  flow 
of  seepage  water  under  a  line  of  sheet-piling.  Even  if  it  were  possible 
to  determine  the  relative  efl^ects  of  frictional  resistance  and  capillary 
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attraction  on  the  flow  of  water  through  interstices  of  such  an  infinite 
variety  as  is  afforded  by  the  range  of  materials  from  fine  clay  to 
large  boulders,  such  "hair-splitting"  refinements  of  calculation  would 
have  very  little  practical  value  for  this  purpose,  on  account  of  the 
uncertainties  which  attend  the  determination  of  the  yariations  of 
actual  conditions  to  be  met. 

Causes  of  Failure  of  Sheet-Pile  Dams. — Failures  in  sheet-pile  dams 
have  generally  occurred  in  those  of  the  spillway  or  overflow  type,  which 
are  commonly  called  diversion  weirs.  The  seepage  water  which  finds 
its  way  under  a  line  of  sheet-piling  tends  to  buoy  up  the  particles 
of  sand  on  the  do\\aa-stream  side,  while  the  surface  of  the  river  bed  is 
frequently  subjected  to  a  variable  degree  of  scouring  action  from  the 
current  of  water  which  spills  over  the  crest.  These  two  forces  com- 
bined move  the  finer  particles  of  sand  first,  then,  as  the  interstices 
in  the  sand  gradually  increase  in  size,  the  upward  flow  of  seepage 
water  increases,  both  in  force  and  volume,  and  the  destruction  of  the 
dam  is  in  progress. 

It  is  customary  with  many  engineers  to  make  the  length  of  sheet- 
piling  such  that  the  depth  of  penetration  below  the  bed  of  the  stream 
will  be  approximately  equal  to  the  head  of  water  to  be  impounded  by 
the  dam  or  weir,  and  it  is  likely  that  many  of  the  failures  of  such 
structiires,  which  have  been  attributed  to  "unknown"  causes,  were 
due  to  the  inadequacy  of  the  cut-off  wall  under  the  structure — more 
often,  however,  on  account  of  carelessness  in  driving  and  faulty 
alignment  than  from  insufficient  depth  of  penetration. 

Length  of  Sheet-Piling  Required. — Capillary  attraction  and  sur- 
face friction,  in  the  interstices  between  the  grains,  are  forces  of  such 
magnitude  in  retarding  the  velocity  of  seepage  flow  through  sand,  or 
other  pervious  materials,  that,  with  reasonable  depth  of  penetration 
of  a  curtain-wall  of  sheet-piling,  the  direct  pressure  which  may  result 
from  any  reasonable  head  of  water  impounded  by  the  dam  cannot 
produce  a  velocity  of  seepage  flow  sufficiently  rapid  to  move  the  fine 
particles  of  sand  without  the  added  force  of  the  overflow  current  flow- 
ing on  the  surface  of  the  river  bed;  therefore,  in  designing  the  dam  or 
diversion  weir,  adequate  provision  must  be  made  to  counteract  the 
effects  of  both  of  these  forces. 

Assuming  that  the  force  of  capillary  attraction  effectively  resists 
the  pressure  head  of  the  impounded  water,  in  its  natural  function  of 
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producing  an  acceleration  of  seepage  flow,  then  the  body  of  sand  on  the 
down-stream  side  may  be  considered  as  a  mass  which  is  held  together 
by  the  force  of  capillai-y  attraction,  and  that  the  pressure  due  to  the 
head  of  water  on  the  up-stream  side  passes  under  the  line  of  sheet- 
piling  and  acts  on  a  wedge-shaped  mass  of  sand  on  the  down-stream 
side. 

The  hydrostatic  pressure  at  the  bottom  of  the  sheet-piling  is  exerted 
equally  in  all  directions,  but,  we  are  here  concerned  only  with  the  force 
which  acts  in  an  upward  direction.  The  tendency  of  this  force  to 
buoy  up  the  mass  of  sand  is  resisted  by  the  excess  weight,  or  specific 
gravity,  of  the  solid  particles  which  compose  the  body  of  sand,  after 
deducting  the  percentage  of  voids  which  are  taken  up  by  the  water. 

Let  h  =  Maximum  head  of  water  on  up-stream  side, 
d  =  Depth  of  penetration  for  sheet-piling, 
s  =  Specific  gravity  of  material  penetrated, 
X  =  Proportion   of  solids. 

For  average  sand,  s  =  2.65  and  a;  =  1  —  0.40  =  0.6. 

Then  d  =  — ^- —  = ^- =  -^^  =  0.629  h,  which  is  the  theo- 

s  X  X       2.65  X  0.6        1.59  ' 

retic  penetration. 

This  equation  provides  for  the  depth  of  penetration  at  which  the 
excess  hydrostatic  pressure  on  the  up-stream  side  is  theoretically 
counterbalanced  by  the  specific  gravity  of  the  depth  of  material  on  the 
down-stream  side,  in  sand  of  such  size  and  porosity  that  the  combined 
effect  of  friction  and  capillary  attraction  is  a  maximum. 

A  length  of  sheet-piling  which  provides  for  a  depth  of  penetration 
equal  to  the  maximum  head  at  flood-stage,  therefore,  involves  a  factor 
of  safety  of  only  1.59  (with  a  tight  wall  of  sheet-piling  in  perfect 
alignment)  applied  to  the  theoretic  minimum.  This  is  manifestly 
inadequate  for  such  variable  and  uncertain  conditions  as  are  likely 
to  be  encountered. 

Where  the  workmanship,  alignment,  and  depth  of  penetration  of  a 
curtain-wall  of  sheet-piling  are  such  as  to  ensure  that  there  will  be  no 
marked  "leakage"  flow  through  openings,  or  places  of  variable  density, 
silt  and  matter  carried  in  suspension  by  the  current  of  the  stream  will 
settle  in  the  quiet  pool  of  water  impounded  by  the  dam,  and  gradually 
seal  up  the  interstices  in  the  sand,  until  the  bed  of  the  stream  becomes 
practically   impervious.      This   has   been   thoroughly    demonstrated    in 
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irrigation  canals  constructed  in  sandy  soil,  and  by  the  fact  that  the 
graded  sands  used  in  the  filter  beds  of  many  of  our  larger  cities  require 
frequent  renewal,  or  removal,  for  the  purpose  of  washing  out  such 
accumulations,  in  order  that  even  the  customary  slow  rate  of  percola- 
tion may  be  maintained. 

No  material,  other  than  solid  bed-rock,  offers  a  more  secure  support 
than  sand  which  is  properly  confined;  therefore,  to  make  it  serve  as  a 
safe  foundation  for  a  permanent  dam  is  entirely  a  problem  of  making 
adequate  provision  against  the  only  disturbing  element — a  current  of 
flowing  water. 

For  dams  which  are  to  be  constructed  on  a  sand  foundation,  and 
embodj'  the  special  features  of  construction  recommended  in  a  subse- 
quent part  of  this  paper,  the  writer  suggests  the  following  empiri- 
cal rules: 

d  =  2.5  h For  heads  up  to  8  ft (I) 

d  =  2  h For  heads  up  to  15  ft (II) 

d  =  1.6  h As  the  minimum,  in  any  case (Ill) 

Equation  (III)  uses  the  proportion  of  excess  weight,  due  to  the 
specific  gravity  of  the  sand,  as  a  coefficient  instead  of  as  a  divisor. 
It  provides  a  factor  of  safety  of  2.5  under  normal  conditions  of  low 
head,  and,  as  the  velocity  of  seepage  flow  through  sand  probably  varies 
as  some  function  of  the  square  root  of  the  head,  the  factor  of  safety 
is  correspondingly  increased  for  higher  heads. 

Special  Features  of  Construction. — The  horizontal  distance  through 
which  seepage  water  must  flow,  after  passing  under  a  line  of  sheet- 
piling,  before  it  reaches  an  outlet  at  the  surface,  is  an  important 
element  in  retarding  its  force  to  such  extent  that  there  will  be  no 
erosion,  or  movement,  of  the  sand  composing  the  surface  of  the  river 
bed.  It  is  especially  important  below  spillways,  or  dams  of  the  over- 
fall type,  where  the  velocity  of  current  from  the  overflow  of  tlie  dam 
may  already  be  such  that  erosion  of  the  finer  particles  of  sand  takes 
place;  therefore,  the  added  impetus  of  upward  percolation  would  pro- 
duce a  dangerous  condition  of  erosion  and  the  inevitable  destruction 
of  the  dam. 

An  apron  below  a  dam  serves,  not  only  to  resist  the  shock  or 
abrasion  of  falling  water,  but  also  to  seal  the  bed  of  the  stream,  so 
that  the  seepage  water  which  finds  its  way  under  the  curtain-wall  of 
sheet-piling,  must  flow  diagonally  upward  beyond  the  limits  of  the 
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apron  before  issuing.  The  width  of  such  apron,  therefore,  is  an 
imiJortant  element  in  fixing  the  practical  factor  of  safety  of  the 
structure,  and  should  not  be  overlooked. 

Aprons  for  spillways,  diversion  weirs,  and  dams  of  the  overfall 
type,  should  be  submerged,  so  as  to  form  a  water-cushion  to  absorb  the 
shocks  of  falling  water,  ice,  and  debris.  Such  water-cushion  should 
have  a  depth  equal  to  one-quarter,  and  preferably  one-third,  of  the 
total  height  of  overfall,  and  a  down-stream  width  of  not  less  than 
I2  times  the  total  height  of  overfall,  with  the  outer  edge  forming  an 
apron,  sloping  upward,  and  extending  down  stream  for  a  distance  of 
not  less  than  1^  to  2  times  the  length  of  sheet-piling  used  in  the  main 
curtain-wall,  ending  with,  and  supported  on,  a  secondary  line  of  sheet- 
piling  of  from  one-third  to  one-half  the  depth  of  penetration  of  the 
curtain-wall. 

A  special  feature  of  construction,  which  provides  for  considerable 
economy  in  the  quantity  of  concrete  required  for  a  wide  apron,  and, 
at  the  same  time,  provides  a  greater  element  of  safety  against  the  force 
of  seepage  flow  than  a  solid  concrete  apron  of  the  dimensions  stated 
above,  is  illustrated  in  Fig.  1. 


Fig.  1. 


The  submerged  apron  should  be  constructed  in  the  form  of  a 
trough,  with  a  depth  of  not  less  than  one-fourth,  and  a  down-stream 
width  of  Ih  times  the  height  of  the  overfall,  and  the  outer  edge 
should  be  finished  off  at,  or  slightly  below,  the  elevation  of  the  bed 
of  the  stream.  At  a  point  down  stream,  a  distance  of  about  twice  the 
length  of  the  main  sheet-piling  used  (or  4  or  5  times  the  head),  there 
should  be  driven  a  second  cut-off  wall  of  tight  sheet-piling  with  a 
depth  of  penetration  of  about  one-half  that  of  the  main  curtain-wall, 
parallel  to  the  line  of  the  dam,  to  support  a  substantial  concrete  curb 
which  should  be  finishenl  off  at  the  elevation  of  the  bed  of  the  stream. 

The  writer  wishes  to   emphasize  the  statement  that :    One   of  the 
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most  serious  problems  involved  in  the  design  and  construction  of 
dams  for  rivers  with  beds  of  shifting-  sands  is  that  of  providing 
adequate  protection  against  dangerous  erosion  of  the  river  bed  for 
some  distance  below  tlie  dam,  where  the  erosive  action  of  the  current 
is  dangerously  magnified  by  reason  of  the  upward  force  of  seepage 
flow,  under  the  variable  hydrostatic  pressure  communicated  from  the 
head   of   water  impounded   on   the   upper   side   of    the   dam. 

In  the  design  suggested  in  Fig.  1,  the  open  space  between  the  edge 
of  the  trough  forming  the  water-cushion  and  the  concrete  curb  sup- 
ported by  the  secondary  line  of  sheet-piling  provides  an  open  space 
for  the  escape  of  the  seepage  flow  which  finds  its  way  under  the  curtain- 
wall,  while  the  concrete  curb  prevents  the  erosion  and  removal  of 
the  sand,  which,  in  this  confined  section  of  the  river  bed,  is  subject 
to  the  combined  forces  of  upward  and  horizontal  currents. 

The  approximate  general  dimensions  suggested  apply  to  low  dams 
of  the  diversion-weir  class,  such  as  are  used  to  divert  water  from  wide 
and  shallow  streams  for  purposes  of  irrigation  and  power;  and  the 
imix)rtance  of  careful  and  conscientious  workmanship  on  every  detail 
of  construction  in  sand  is  so  self-evident  that  special  mention  seems 
to  be  unnecessary. 

Every  dam  or  diversion  weir  should  be  designed  in  accordance  with 
the  practical  demands  of  the  exact  local  conditions  which  prevail. 
This  involves  modifications  of  any  set  of  general  rules,  especially  for 
higher  heads,  that  is,  for  dams  which,  in  sandy  rivers,  will  raise  the 
level  of  the  water  more  than  12  or  15  ft.  For  low  dams  there  is  a 
variety  of  shapes,  or  cross-sections,  from  which  to  choose;  but,  for 
higher  heads,  economy  in  the  matter  of  the  materials  involved  narrows 
down  the  choice  in  the  direction  of  the  curved  or  ogee  form  of  cross- 
section. 

Under  the  general  rules  previously  stated,  a  dam  which  is  designed 
to  raise  the  level  of  the  water  50  ft.,  in  a  river  having  a  bed  of  sand 
of  unlimited  depth,  would  require  a  curtain-wall  of  sheet-piling  hav- 
ing a  depth  of  penetration  of  not  less  than  80  ft.  below  the  bed  of  the 
stream,  as  the  minimum.  A  dam  of  this  height  would  probably  be 
designed  with  an  ogee  form  of  curved  cross-section.  The  impractica- 
bility of  driving  a  line  of  wooden  sheet-piling  to  such  depth  in  sand 
and  gravel,  and  the  expense  of  providing  a  curtain-wall  of  steel  sheet- 
piling  of  such  lengths,  would  suggest  a  careful  analysis  of  modifica- 
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tions,  for  the  possibility  of  eliminating  a  portion  of  such  construc- 
tion without  impairing  its  stability  and  permanence. 

Ample  assurance  of  safety  could  be  attained  by  using  a  line  of 
steel  sheet-piling  of  such  length  as  to  provide  a  depth  of  penetra- 
tion of  50  ft.  under  the  up-stream  side  of  the  dam,  and  a  secondary 
line  of  sheet-piling  with  a  depth  of  penetration  of  about  15  ft.  under 
the  extreme  toe,  which  should  be  curved  up  so  as  to  form  a  trough  at 
a  depth  of  about  5  ft.  below  the  bed  of  the  river,  for  a  water-cushion. 
Then,  at  a  point  about  200  or  250  ft.  down  stream,  construct  a  smaller 
dam,  about  15  or  16  ft.  in  height,  with  a  line  of  main  sheet-piling 
having  a  depth  of  penetration  of  30  ft.,  and  embodying  all  other 
features  of  design  in  accordance  with  the  special  features  outlined  in 
this  paper,  to  back  up  the  water  against  the  main  dam  for  a  proper 
depth  of  water-cushion.  The  seepage  flow,  which  would  probably  find 
its  way  under  the  main  dam  in  considerable  quantities,  would  issue 
from  the  section  of  confined  river  bed  between  the  two  dams,  where 
the  depth  and  length  of  the  water-cushion  thus  provided  prevents  the 
removal  of  any  sand,  because,  even  during  periods  of  storm  flow,  the 
violent  abrasive  force  of  the  flood  passing  over  the  dam  would  be 
effectually  broken  by  the  extra  depth  of  water-cushion  which  is 
provided  by  the  concrete  trough  at  the  toe  of  the  dam. 

In  calculating  the  proportions  of  a  dam  which  is  to  be  founded 
on  sand,  there  is  involved  the  consideration  of  the  hydrostatic  pressure 
against  the  under  side  of  the  dam. 

The  calculations  for  the  cross-section  of  a  masonry  dam  founded 
on  bed-rock  are  based  on  the  assumption  of  an  absolutely  water-tight 
contact  between  the  footings  and  the  bed-rock,  therefore  the  entire 
cross-sectional  weight  of  the  dam  may  be  used  in  calculating  the 
moment  of  resistance  to  overturning. 

In  a  dam  of  such  proportions  that  the  resultant  of  forces  passes 
close  to  the  toe,  the  effect  of  water  working  its  way  under  the  foot- 
ings at  points  of  defective  contact,  or  through  defective  joints  in  the 
lower  courses  of  masonry,  might  produce  a  change  in  the  direction 
of  the  resultant  such  that  it  would  pass  outside  of  the  toe.  That 
section  of  the  dam  would  then  be  in  unstable  equilibrium,  and,  unless 
restrained  by  other  forces,  would  overturn. 

In  considering  the  forces  which  may  act  on  a  dam  resting  on 
sand,  saturation  of  the  foundation,  with  upward  hydrostatic  pressure. 
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is  an  accepted  fact,  aiul,  therefore,  must  be  considered  as   a  definite 
element  in  the  calculations. 

As  stated  previously,  the  combined  effect  of  friction  and  capillary 
attraction  offers  such  marked  resistance  to  the  flow  of  water  through 
sand  that  the  velocity  which  results  from  any  head,  or  inclination 
of  surface,  is  infinitesimal,  in  comparison  with  the  velocity  which 
would  result  under  similar  conditions  of  head  in  a  body  of  free  water 
flowing  in  an  open  channel,  or  through  a  pipe.  The  transmission 
of  hydrostatic  pressure  through  a  similar  medium  is  similarly  resisted, 
to  a  slight  degree,  as  will  be  shown. 

The  removal  of  the  soil  above  a  stratum  of  dense  clay,  which  in 
turn  overlies  a  stratum  of  water-bearing  sand  or  gravel  under  Artesian 
pressure,'  will  disclose  a  moist  degree  of  saturation  of  the  clay  such 
that  water  will  accumiilate  in  small  pockets,  or  sumps,  which  may 
be  bored  or  dug  to  shallow  depths  of  1  or  2  ft.  into  the  clay.  The 
seepage  flow  which  is  thus  indicated  is  absorbed  by  the  soil  above 
by  capillary  attraction,  and  is  evaporated  from  the  surface;  however, 
no  hydrostatic  pressure,  of  measurable  magnitude,  would  be  exerted 
against  the  footing  of  any  structure  resting  on  such  a  stratum  of 
clay. 

Hydrostatic  pressure  is  directly  proportional  to  the  head  of  water, 
and  time  is  not  a  factor  in  determining  its  magnitude,  hence  the 
coefficient  of  friction  becomes  zero.  Clay  contains  a  relatively  large 
proportion  of  voids  of  infinitesimal  size,  and,  while  a  high  head  of 
water  pressing  against  the  under  side  of  a  stratum  of  clay  which  is 
confined  between  two  ijorous  strata  would  undoubtedly  transmit 
hydrostatic  pressure  of  measurable  magnitude  through  such  stratum 
of  clay,  it  is  evident  that,  under  moderate  heads,  the  force  of  capillary 
attraction  (in  interstices  of  such  infinitesimal  size  that  they  would 
almost  warrant  an  assumption  of  molecular  friction),  is  of  sufficient 
magnitude  to  counteract  and  practically  nullify  the  effect  of  hydro- 
static pressure. 

It  may  be  concluded,  therefore,  that  the  force  with  which  hydro- 
static pressure  is  transmitted  through  alluvial  soils  is  modified  by  a 
coefficient  which  varies  as  the  square,  cube,  or  perhaps  "nth"  power 
of  the  effective  size  of  the  interstices,  or,  inversely  as  such  function 
of  the  effective  size  of  the  grains. 

For  the  practical  purposes  of  this  paper,  the  prnbahlo  existence  of 
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such  a  coefficient  may  be  disregarded,  because,  for  the  interstices  of 
the  sizes  which  are  ordinarily  found  in  sand  of  40%  porosity,  its 
probable  value  becomes  so  small  as  to  be  negligible. 

The  hydrostatic  pressure  against  the  under  side  of  any  dam  of  the 
type  and  general  dimensions  illustrated  in  Figs.  1  and  2  is  governed 
by  the  head  of  vi'ater  on  the  down-stream  side  of  the  dam,  because 
the  pressure  which  is  transmitted  under  the  curtain-wall  of  sheet- 
piling,  from  the  head  of  water  above  the  dam,  is  afforded  lateral  outlet, 
therefore  its  intensity  is  limited  to  the  depth  of  resistance,  or  head, 
opposing  such  outlet  on  the  down-stream  side. 

The  hydrostatic  uplift  per  square  foot  of  surface  against  the  base 
of  a  dam  of  the  type  and  general  proportions  recommended  in  this 
paper,  therefore,  will  vary  between  25  and  40%  of  that  which  would 
result  from  the  head  of  water  on  the  up-stream  side. 


Fig.  2. 

Fig.  2  illustrates  the  general  proportions  of  the  spillway  section 
of  a  dam  of  the  type  discussed  herein,  with  all  dimensions  given  in 
terms  of  //,  the  height  of  the  crest  above  the  bed  of  the  river,  and 
assuming   a   length    of   spillway    such    that   the   maximum   height   of 

overflow  will  not  exceed  —  H. 
5 

The  resultant,  which  is  obtained  when  the  calculated  weight  of  the 
section  of  concrete  is  reduced  by  the  total  amount  of  hydrostatic 
uplift  due  to  a  down-stream  head  =  0.3  //,  intersects  the  base  prac- 
tically in  the  center,  as  is  shown  by  the  solid  line.  This  would 
indicate  that  the  design  may  be  modified  so  as  to  involve  less  concrete, 
but,  the  quantity  to  be  thus  saved,  in  the  total  cost  of  a  low  dam, 
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will  not  outweigh  the  desirability  of  such  a  factor  of  stability  in  a 
structure  of  this  class. 

The  dotted  line  indicates  the  resultant  which  would  be  obtained 
if  the  weight  of  the  concrete  were  reduced  by  an  amount  equal  to 
the  full  hydrostatic  uplift  which  would  result  from  a  head  equal  to 
the  maximum  up-stroam  head  =  1.3  H.  This  resultant  intersects 
the  base  outside  of  the  middle  third,  but  well  witliiii  the  toe. 

The  sloping  portion  of  the  top  of  the  dam,  on  the  up-stream  side 
of  the  crest,  is  desirable  to  facilitate  the  passage  of  ice  and  floating 
debris  over  the  crest,  and  to  reduce  the  moment  of  ice  thrust  during 
periods  of  extreme  cold  when  tlie  entire  flow  of  the  stream  may  be 
diverted  for  power  purposes. 


GRAVITY  DAM  OF 
REINFORCED  CONCRETE. 


Fig.  3. 

Any  increase  in  the  width  of  the  base,  with  the  additional  material 
on  the  up-stream  side  of  the  dam,  so  as  to  lengthen  the  inclined 
portion,  affects  the  moment  of  .stability  of  the  structure,  on  the  prin- 
ciple of  the  well-known   ''gravity"   type  of  dam. 

Dams  to  be  constructed  on  alluvial  foundations  should  be  designed 
with  the  maximum  width  of  base  which  is  consistent  with  economy; 
therefore,  the  gravity  type  of  dam,  constructed  of  reinforced  concrete, 
is  especially  adapted  to  the  requirements. 

In  low  wooden  structures  of  the  gravity  type,  there  is  danger 
that  they  may  float  during  a  period  of  storm-flow  of  such  depth 
that  the  gravity  head,  on  which  such  dams  depend  for  their  stability, 
may  be  destroyed.  By  the  use  of  reinforced  concrete,  however,  this 
source  of  danger  may  be  eliminated. 

Figs.  3  and  4  indicate  two  variations  of  design  for  gravity  dams 
of  reinforced  concrete  which  permit  of  removing  the  forms  and  filling 
the  compartments  with  sand  or  other  heavy  material,  in  order  to 
give    additional    weight    to    the    structures,    or,    if   suitable    air    vents 
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are  provided,  the  compartments  may  be  allowed  to  become  filled  with 
water. 

From  the  simple  inclined  platform  to  the  large  hollow  structures 
of  the  Ambursen  type,  the  gravity  dam  of  reinforced  concrete  offers 


GRAVITY  DAM  OF 
REINFORCED  CONCRETE 


Fig.  4. 


a  suiEciently  wide  range  of  variation  to  meet  the  requirements  of 
almost  any  locality,  or  any  individuality  of  taste  in  engineering 
design. 


Vol.  XXXVII.  JANUARY,  1911.  No.  1. 


AMEEICAN  SOCIETY  OF  CIVIL  ENGINEERS 

1  N  S  T  1  T  U  '1  ED     18  5  2 


PAPERS  AND  DISCUSSIONS 

This  Society  is  not  respouhible,  as  a  body,  for  the  facts  and  opinions  advanced 
in  any  of  its  publications. 


A  DISCUSSION  OF  EXPEKLAfl^NTS  OK  KETAINING 
WALLS,  AND  OF  FKFSSl  KES  ON  TUNNELS.* 


liv   \Viij,iajsi   Calx,  M.  Am.  Soc.  C.  E. 


The  most  extended  experiments  relating  to  retaining  walls  are 
those  pertaining  to  retaining  walls  proper  and  the  more  elaborate  ones 
on  small  rotating  retaining  boards.  The  results  referring  to  the 
former  agree  fairly  well  with  a  rational  theory,  especially  when  the 
walls  are  several  feet  in  height;  but  with  the  latter,  many  dis- 
crepancies occur,  for  which,  hitherto,  no  explanation  has  been  offered. 

It  will  be  the  main  object  of  this  paper  to  show  that  the  results  of 
these  experiments  on  small  retaining  boards  can  be  harmonized  with 
theory  by  including  the  influence  of  cohesion,  which  is  neglected  in 
deducing  practical  formulas.  It  will  be  found  that  the  influence  of 
cohesion  is  marked,  because  of  the  small  size  of  the  boards.  This 
information  should  prove  of  value  to  future  experimenters,  for  it  will 
be  shown  that,  as  the  height  of  the  board  or  wall  increases,  the  influence 
of  cohesion  becomes  less  and  less,  so  that  (for  the  usual  dry  sand 
tilling)  for  heights,  say,  from  5  to  10  ft.,  it  can  be  neglected 
altogether. 

The  result  of  the  investigation  will  then  be  to  give  to  the  practical 
constructor  more  confidence  in  the  theory  of  the  sliding  prism,  which 
serves  as  the  basis  of  the  methods  to  follow. 


♦  This  paper  will  not  be  presented  at  any  meeting,  b'lt  writteh  comniuiucatious  on  the 
subject  are  invited  for  publication  with  it  in  Transactions. 
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As,   in   the   course   of   this   investigation,   certain   well-known   con- 
structions   for    ascertaining    the    pressure    of    any    granular    material 
against  retaining  walls  will  be  needed,  it  is  well  to  group  them  here. 
The  various  figures  are  supposed  to  represent  sections  at  right  angles 
to  the  inner  faces  of  the  walls  with  their  backings  of  granular  material. 
In  the  surcharged  wall.  Fig.  1.  produce  the  inner  face  of  the  wall  to 
meet  the   surface   of   the   surcharge   at   F.     It   is   desired   to   find  the 
thrust   against  the  plane,  AF,  for  1   11  n.  ft.  of  the  wall.     Draw  AD 
through  A,  the  foot  of  the  wall,  making  the  angle  of  repose,  <^,  of  the 
earth  with  the  horizontal  and  meeting  the  upper  surface  at  D.     Since 
any  possible  prism  of  rupture,  as  FACE,  in  tending  to  move  down- 
ward, develops  friction  against  both  surfaces,  AG  and  AF,  the  earth 
thrust  on  the  wall  will  make  an  angle,  <^',  with  the  normal  to  AF, 
where  <^'  is  the  angle  of  friction  of  the  earth  on  the  wall.    As  the  earth 
settles  more  than  the  wall,  this  fric- 
tion will  always  be  exerted.     Again, 
as   the  wall,   from   its   elasticity   and 
that  of  the  foundation,  will  tend  to       y 
move  over  at  the  top  on  account  of 
the  earth  thrust,  the  earth,  with  its 
frictional  grip  on  the  wall,  will  tend 
to  prevent  this,  so  that  the  friction  is 
exerted  downward  in  either  case,  and  the  direction  of  the  earth  thrust, 
E,  on  AF  is  as  given  in  Fig.  1. 

However,  if  ^'  \>  (p,  a  thin  slice  of  earth  will  move  with  the  wall, 
and  the  rubbing  will  be  that  of  earth  on  earth,  so  that  (f>'  in  this  case 
must  be  replaced  by  <^.  This  rule  will  apply  in  all  cases  that  follow, 
without  further  remark,  wherever  cf>'  is  mentioned. 

Now  draw  Ay,  making  the  angle,  ^  -|-  <^',  with  AF,  as  shown;  then 
draw  FB  parallel  to  AB,  to  the  intersection,  B,  with  DB  produced. 
From  B  a  parallel  to  Ay  is  constructed,  meeting  AD  at  0. 

Since  theory  gives  the  relation:  AI  =  \/ AD  .  AO,  two  construc- 
tions follow,  by  geometry,  for  locating  the  point,  /.  By  the  first,  a 
semicircle  is  described  on  AD  as  a  diameter;  at  the  pointy  0,  a  per- 
pendicular is  erected  to  AD,  meeting  the  semicircle  in  M ;  then  AI  is 
laid  off  equal  to  the  chord,  AM.  By  the  second  construction,  a  semi- 
circle is  described  on  0  i)  as  a  diameter,  a  tangent  to  it,  Az,  from  A  is 
drawn,  limited  by  the  perpendicular  radius,  and  finally  AI  is  laid  off 
equal  to  Az. 
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The  point,  /,  luiving  been  thus  foiuul  by  cither  cunstruetion,  draw 
IC  parallel  io  Ay  to  the  intersection,  C,  with  RD.  AC  is,  the  plane  of 
rupture.  On  laying  off  IL  =  IG,  and  dropping  the  perpendicular,  GH, 
from  G  on  AD,  the  earth  pressure,  E,  on  AF  is  given  by  ^  C/  .  GH  .  e, 
where  e  is  the  weight  of  a  cubic  unit  of  the  earth;  otherwise,  the  value 
of  E  is  given  by  e  times  the  area  of  the  shaded  triangle,  ICL.  If  the 
dimensions  are  in  feet,  and  e  is  in  pounds  per  cubic  foot,  the  thrust,  E, 
will  be  given  in  pounds. 

In  Figs.  2  and  3,  the  retaining  boards,  AB,  are  vertical,  and  BO 
is  drawn,  making  the  angle,  ^  +  (f>',  with  the  vertical,  AB.  The 
ui)per  surface  of  the  earth  is  BD,  and  tlie  constriietions  for  locating 
/  and  G  are  the  same  as  for  Fig.  1.  AG,  in  all  the  iigures,  represents 
the  plane  of  rupture.*  In  all  cases,  the  earth  thrust  found  as  above 
is  supposed  to  make  the  angle,  ^'  (as  shown)  with  the  normal  to  the 
inner  wall  surface. 


Fig.  3. 

In  the  Kankine  theory,  pertaining,  say,  to  Fig.  2,  the  earth  thrust 
on  a  vertical  plane,  AB,  is  always  taken  as  acting  parallel  to  the  top 
slope.  This  is  true  for  the  pressure  on  a  vertical  plane  in  the 
interior  of  a  mass  of  earth  of  indefinite  extent,  but  it  is  not  true 
generally  for  the  pressure  against  a  retaining  wall.  Thus,  when  BD, 
Fig.  2,  is  horizontal,  Rankine's  thrust  on  AB  would  be  taken  as  hori- 
zontal, which  entirely  ignores  the  friction  of  the  earth  on  the  wall. 
The  two  theories  agree  when  ^'  ^  <^  and  BD  slopes  at  the  angle  of 
repose,  in  which  case,  as  BG  is  parallel  to  AI,  there  is  no  intersection, 
D.  It  is  a  limiting  case  in  which,  to  compute  the  thrust,  GIL  can  be 
laid  off  from  any  point  in  BD,  on  drawing  GI  parallel  to  BO,  etc.  As 
BD  approaches  the  natural  slope,  the  point,  D,  recedes  indefinitely  to 

*  The  writer  refers  to  his  "  Retaining  Walls."  Van  Nostrand's  Science  Series.  No.  8. 
for  the  demonstrations  pertaining  to  the  above  constructions,  and  to  the  derivations  or 
formulas. 
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the  right,  and  it  is  seen  that  the  plane  of  rupture,  AC,  approaches 
indefinitely  the  line,  AD,  or  the  natural  slope.  This  limiting  case, 
on  account  of  the  excessive  thrust  corresponding,  will  be  examined 
more  carefully  in  the  sequel. 

If  h  ^=  the  height  of  the  wall,  AB,  in  feet,  and  e  =  the  weight  of 
a  cubic  foot  of  earth,  in  pounds,  then  when  ^'  =  (p,  and  the  surface 
BD,  Fig.  2,  slopes  at  the  angle  of  repose,  the  earth  thrust,  in  pounds, 
is  given  by  the  equation: 

E  =  ~  eh^  cos.  4> (1) 

If,  however,  ^'  is  not  equal  to  <^,  then  E  is  directed  at  the  angle, 
</)',  to  the  normal  to  the  wall,  and  the  thrust  is : 

^^l^^^.cos^ (2) 

2  cos.  0' 

The  foregoing  constructions,  and  the  corresponding  equations,  are 
all  derived  from  the  theory  of  the  sliding  prism.  The  wedge,  BAC, 
Figs.  2  and  3,  is  treated  as  an  invariable  solid,  tending  to  slide  down 
the  two  faces,  AB  and  AC,  at  once,  thus  developing  the  full  friction 
that  can  be  exerted  on  these  faces.  In  the  case  of  actual  rotation  of 
the  board,  AB,  it  is  found  by  experiment  that  each  particle  of  earth 
in  the  prism,  BAC,  moves  parallel  to  AC,  each  layer  parallel  to  AC 
moving  over  the  layer  just  beneath  it. 

A  similar  motion  is  observed  if  the  board,  AB,  is  moved  hori- 
zontally to  the  left.  However,  in  the  first  case  (of  rotation)  the 
particles  at  A  do  not  move  at  all,  whereas  in  the  second  (of  sliding 
motion)  the  particles  about  A  move,  rubbing  over  the  floor,  which  thus 
resists  the  motion  by  friction.  A  thrust,  thus  recorded  by  springs  or 
other  device,  in  the  case  where  the  wall  moves  horizontally,  would 
give  an  undervaluation  at  the  lower  part  of  AB  and  consequently  the 
computed  center  of  pressure  on  AB  would  be  too  high.  On  that 
account,  only  the  experiments  on  rotating  boards  will  be  considered  in 
this  paper. 

The  theory  of  the  sliding  wedge,  however,  is  justified,  because  no 
motion  of  either  kind  is  actually  supposed.  The  wedge,  BAG,  is  sup- 
posed to  be  just  on  the  point  of  motion,  it  being  in  equilibrium  under 
tlie  action  of  its  weight,  the  normal  components  of  the  reactions  of  the 
wall,  and  the  plane,  AC,  and  all  the  friction  that  can  be  exerted  along 
AB  and  AG.    These  forces  remain  the  same,  whatever  incipient  motion 
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is  supposed.  The  liypotliesis  of  a  plane  surface  of  rupture,  however,  is 
not  exactly  realized,  experiment  showing  that  the  earth  breaks  along  a 
slightly  curved  surface  convex  to  the  moving  mass.  For  the  sake  of 
simplicity,  the  theory  neglects  the  cohesion  acting,  not  only  along 
AC,  but  possibly  to  a  small  extent  along  AB.  This  additional  force 
will  lu'  included  in  certain  investigations  to  be  given  later. 

These  preliminary  observations  having  been  disposed  of,  the  results 
of  certain  experiments  on  retaining  walls  at  the  limit  of  stability  will 
now  be  given. 

Figs.  4,  5,  6,  and  7  refer  to  vertical  rectangular  walls  backed  by 
sand,  except  in  the  case  of  Fig.  5,  where  the  filling  was  macadam 
screenings.     The  surface  of  the  filling  was  horizontal  in  each  case. 


Fig.  5. 
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Fig.  7. 


To  give  briefly  in  detail  the  quantities  pertaining  to  each  wall,  the 
following  symbols  will  be  used: 

A  =  height  of  wall,  in  feet; 

t  =  thickness  of  wall,  in  feet; 

e  =  weight  of  filling,  per  cubic  foot; 

y)  =  weight  of  wall,  per  cubic  foot; 

(f)  =  angle  of  repose  of  filling; 

<f>' =  angle  of  friction  of  filling  on  wall; 

q  =  distance  from  center  of  pressure  on  the  plane  of  the  base 
to  the  outer  toe,  divided  by  t,  using  the  theory  that 
rationally  includes  the  whole  of  the  wall  friction; 

Qq  =  the  same,  according  to  the  Eankine  theorj\ 

r/  and  q^  are  positive  when  the  resultant  on  the  base  strikes  within 
the  base,  otherwise  they  are  negative. 

Fig.  4  represents  Lieutenant  Hope's  wall  of  bricks  laid  in  wet  sand : 
h  ==  10,  t  =  1.92,  e  =  95.5,  w  =  100,  cf>  =  if>'  =  36°  53'.  It  was 
20  ft.  long,  and  was  backed  by  earth  level  with  its  top.  g  =  +  0.04, 
q^^  =  —  0.58.  The  overhang,  at  the  moment  of  failure,  was  probably 
4  in.    Including  this,  g  =  —  0.02. 
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Fig.  5  shows  Baker's  wall  of  pitch-pine  blocks,  backed  by  macadam 
screenings,  the  level  surface  of  which  was  0.25  ft.  below  the  top  of 
the  wall;  h  =  i,  t  =  1,  e  =  101,  «;  =  46,  </,  =  39°  48',  </>'  =  22°, 
the  assumed  angle  of  friction  of  timber  on  stone,  q  =^  —  0.06, 
q,  =  —  0.55. 

Trautwine's  experimental  wall  is  shown  in  Fig.  6.  Only  the  ratio 
of  base  to  height,  0.35,  was  given  by  the  author,  but  J.  C.  Trautwine, 
Jr.,  Assoc.  Am.  Soc.  C.  E.,  assures  the  writer  that  the  walls  were 
probably  6  in.  in  height,  though  certain  notes  refer  to  walls  varying 
from  about  4  to  9  in.  e  =  89,  w  =  28,  <f>  =  33°  42',  </>'  (assumed) 
=  22°,  q  =  —  0.03,  qo  =  —  0.75. 

The  wall  of  Curie,  Fig.  7,  was  of  wood  coated  on  the  back  by  sand, 

so  that  d>  =  d>'  =  35°.     Also,  h  =  0.558  ft.,  t  =  0.159  ft.,  ^  =  3.29, 

w 

q  =  0.02,  Qo  =  —  1-32. 

These  walls  were  all  at  the  limit  of 
stability,  and  the  first  two  are  of  appreci- 
able height,  10  ft.  and  4  ft.,  respectively. 

The  figures  show  that  the  theory,  in- 
cluding the  whole  of  the  wall  friction, 
agrees  fairly  well  with  experiment,  but 
that  the  Rankine  theory  does  not  thus 
agree.     In  both  theories,  the  thrust,  E,  is 

supposed  to  act  at  one-third  of  the  height 

^  V  Fig.  8. 

from  the  base  of  the  wall  to  the  surface  of 

the  filling;  but,  in  the  Rankine  theory,  this  thrust  is  assumed  to  act 

horizontally,  whereas,  in  the  other  theory,  it  is  supposed  to  act  in  a 

direction  making  the  angle,  </>',  below  the  normal  to  the  wall. 

On  combining  the  thrusts  with  the  weight  of  the  wall,  as  usual, 
the  resultant  strikes  the  base  produced,  at  B  in  the  first  case  (Rankine 
theory),  but  at  I  in  the  second  case.  Figs.  4  to  7  present  a  striking 
object  lesson  as  to  the  inacciaracy  of  the  Rankine  method  of  treating 
experimental  retaining  walls. 

In  the  next  experiments,  however,  referring  to  a  retaining  structure 
consisting  of  two  boards,  hinged  at  the  top.  Fig.  8,  and  backed  by  sand 
level  at  the  top,  the  Rankine  theory  is  applicable  when  the  board,  AB, 
is  placed  either  at  or  below  the  plane  of  rupture,  on  the  left  of  AD. 
The  thrust  on  AD  is  then  assumed  to  act  horizontally,  at  ^  AD  above 
A,  and   is  combined  with  the  weight  of  the  sand,  DAB,  to  find  the 
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resultant  on  the  board.  If  the  board  is  at  the  plane  of  rupture,  this 
resultant  will  make  the  angle  <f>  below  the  normal  to  AB;  hence,  if 
one  assumes  a  less  thrust  on  AD,  especially  if  inclined  downward,  the 
new  resultant  on  AB  will  make  an  angle  greater  than  (f,  with  the 
normal  to  AB,  which  is  inconsistent  with  stability.*  The  same  reason- 
ing applies  when  AB  lies  below  the  plane  of  rupture.f 

The  retaining  board,  1  m.  square,  was  coated  with  sand,  so  that 
(f)  =  (f)'  ^  35°  for  damp  sand.  Hence,  for  a  horizontal  thrust  on  AD, 
the  plane  of  rupture  (which  bisects  the  angle  between  the  vertical  and 
the  natural  slope)  makes  an  angle  of  27°  30'  with  the  vertical.  The 
board,  AB,  was  set  at  this  angle  to  the  vertical,  sand  was  filled  in  level 
with  the  top,  and  it  was  found  that  the  structure  was  at  the  limit  of 
stability  when  AC  =^  0.45  m.     In  the  meantime,  however,  the  sand  had 

dried  out,   so  that  (f>  was  33°   30';  hence,  -t-  | aPC7~~7~ 

strictly,    the    construction    of    Fig.    1    (for  J 
earth  level  with  top  of  wall)  applies;  but, 
as  the  results  can  only  differ  inappreciably, 
the  thrust  on  AD,  acting  horizontally,  was 
computed  for  (^  =  33°   30'  and  combined 

with    the   weight    of   sand,   BAD,   and   the 

A 

their    centers    of   gravity,    to    find    the    re-  ^^^-  ^• 

sultant  on  the  base,  AC.     It  was  found  to  cut  it  0.11  of  its  width 

from  the  outer  toe,  C;  therefore  q  =  0.11. 

In  the  next  experiment,  the  angle,  BAD,  was  55°,  AC  =  0.5 IS  m. 
and  cf>  =  33°  30'.  Pursuing  the  same  method,  it  is  found  that  q  =  0.02, 
or  the  resultant  on  the  base  passes  practically  through  C.  The  third 
experiment  was  on  a  smaller  retaining  board.  Here  AB  =  0.2  m., 
BAD  =  55°,  ^  =  (f,'  =  35°,  and  q  =  0.06. 

In  Fig.  9  is  shown  a  surcharged  wall  of  Curie's,  just  at  the  limit 
of  stability,  having  /(,  =  2.952  ft.,  t  =  0.755  ft.  and  the  level  ujipor 
surface  of  the  surcharge  being  4.26  ft.  above  the  top  of  the  wall.  The 
surcharge  extended  over  the  wall  at  the  angle,  (f>  =  45°,  corresponding 
to  damp  sand.     Experiment  gave  ^'  =  35°.     The  wall  was  of  brick  in 

Portland  cement.     The   ratio,  —  =0.62.     It  was  found,  using  the 

w 


*  A  full  disoussion  may  be  found  in  the  writer's  "  Retaining  Walls." 
V  The  experiments  pertaininR  to  Figrs.   7,  8,  and  9  are  due  to  Curie.      See    Curie's 
"  Pouss^e  des  Terres  "  and  "  Trois  Notes,"  Qauthier-Villars,  Paris.     They  are  of  especial 
interest  in  that  they  were  undertaken  to  attempt  to  overthrow  the  theory  advocated  above. 
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construction  of  Fig.  1,  that  taking  the  thrust,  E,  as  acting  1.24  ft. 
above  the  base,  or  at  one-third  of  the  height  of  the  surface,  AF,  that 
q  =  -{-  0.03;  and  further,  that  if  E  acts  1.303  ft.  above  the  base,  the 
resultant  on  the  base  passes  exactly  through  the  outer  toe  of  the  v?all. 

I> 


mmM' 


1'^y///////y 


V//////. 


//  /  ^ ' 


m^^ymm/ 


/  /  /  /  // /  / /  //  /  /  // 


/V////-' 


-■////////////' 


/    /   /    /  /   /  /  / 


/////////v/vy/// 

/  /   /  /  /  /  /  /  //  /  /  /  /  // 

/////////// 

/  //  /  / 
/  /  //  c* 
/  /  /  ^  ■ 


F 


As  the  true  position  of  the  center  of  pressure  on  a  surcharged  vpall 
has  never  been  ascertained,  as  far  as  the  writer  knows,  he  has  made 
a  number  of  constructions,  after  the  method  illustrated  in  Fig.  1,  in 
order  to  find  it. 

In  place  of  making  the  construction  for  the  special  case  above,  it 
was  thought  that  the  results  would  be  more  generally  useful  if  the 
natural  slope  was  taken  with  a  base  of  3  and  a  rise  of  2,  and  ^'  =  </>, 
therefore  <^  =  «^'  =  33°  41'.  The  wall,  AB,  Fig.  10,  was  taken 
vertical  and  20  ft.  high.     The  surcharge  sloped  from  B  at  the  angle 
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of  repose  to  a  point,  D,  10  ft.  above  B,  from  which  point  the  surface 
of  the  earth  was  horizontal.  The  face  of  the  wall,  AB,  was  divided 
into  twenty  equal  parts,  1  ft.  each;  and,  by  the  construction  of  Fig.  1, 
the  thrusts  (inclined  at  the  angle,  <^,  below  the  normal  to  the  wall) 
were  found  for  the  successive  heights  of  wall  of  1,  2,  3,  ...  .  20,  ft., 
respectively,  taking  the  weight  of  1  cu.  ft.  of  earth  equal  to  unity. 
The  successive  planes  of  rupture  are  shown  by  the  dotted  lines  in 
Fig.  10.  On  the  original  scale  (2  ft.  to  1  in.),  the  upper  plane  of 
rupture  (for  a  height  of  wall  =  1  ft.)  was  found  to  pass  slightly  to 
the  right  of  D. 

On  subtracting  successive  thrusts,  the  thrusts  on  each  foot  of  wall 
were  obtained.  These  were  plotted  as  horizontal  ordinates  at  the 
center  of  each  foot  division  of  the  wall,  and  the  "peaks"  were  slightly 
rounded  off,  as  shown  on  the  figure.  Since,  with  all  care,  mistakes 
amounting  to  1%  of  the  total  thrusts  can  easily  be  made,  it  was  proper 
to  adjust  the  results  in  this  manner  to  give  the  most  probable  unit 
pressures  on  the  successive  divisions  of  the  wall.  The  centers  of 
pressure,  for  heights  of  the  wall  varying  from  5  to  20  ft.,  were  easily 
obtained  by  taking  moments  about  some  convenient  point;  the  results 
are  given  in  Table  1. 

Call    h    the    height    of    wall,    measured   from    B    downward,    and 

h'  =  BC,  the  height  of  surcharge  above  the  top  of  the  wall;  also,  let 

c  =  the  ratio  of  the  distance  from  the  foot  of  the  wall  considered  to 

the  center  of  pressure,  to  the  height  of  the  wall.     The  values  of  c,  for 

h' 
various  ratios,  —  are  given  in  Table  1. 

TABLE   1. 


ir 

h- 

h- 

h- 

h 

c 

h 

C 

h 

c 

h 

c 

oc 

0.333 

1.50 

0.356 

1.00 

0.364 



1.25 

0.360 

0.75 

0.364 

0.00 

6.3:w 

2.00 

0.35.S 

1.11 

0.862 

0.50 

0.364 

h'       ■  h' 

It  is  seen,  as        diminishes,  that  c  increases,  until  for       =1,  the 
h  "■ 

maximum  value  for  c,  0.364,  is  attained  and  remains  the  same  up  to 

h'  J>' 

=  0.50.  after  which  it  probably  diminishes,  because,  for         =  0, 


3' 
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When  some  other  flatter  slope  is  given  to  BD,  doubtless  these 
values  of  c  will  be  altered,  but,  for  the  case  supposed,  they  should  prove 
serviceable  in  practice. 

Although  the  earth  thrusts  on  successive  portions  of  AB  are 
really  inclined  at  <^°  below  the  normal  to  AB,  they  are  laid  off  here 
at  right  angles  to  it,  so  that  the  area,  ABF,  is  equal  to  the  total 
thrust  on  AB.  If  the  imit  pressures  varied  as  the  ordinates  to  the 
straight  line,  BF,  as  for  a  uniformly  sloping  earth  surface,  then,  as  is 

well  known,  c  =    .    The  area  to  the  left  of  BF  gives  the  excess  thrust 

^  1 

which  causes  c  to  exceed  --. 
o 

Making  use  of  the  results  of  the  table  as  approximately  applicable 
in  the  foregoing  example  (Fig.  9),  and  taking  the  center  of  pressure 
on  AF  as  0.364  yli^  above  the  base,  the  resultant  there  is  found  to 
pass  0.02  outside  of  the  base,  therefore  g  =  —  0.02.  This  experiment 
on  a  surcharged  wall,  of  the  kind  shown,  is  particularly  valuable  as 
being  the  only  one  of  which  any  account  has  been  given,  as  far  as 
the   writer   knows. 

Recurring  once  more  to  Fig.  10,  it  may  be  recalled  that  some 
authors  have  assumed  the  unit  pressures  on  AB  to  vary  as  the  ordinates 
to  a  trapezoid,  so  that  the  unit  pressure  at  B  was  not  zero  (as  it 
should  be),  but  an  amount  assumed  somewhat  arbitrarily.  In  particii- 
lar,  Scheffler  derived  in  this  way  c  =  0.4  as  an  upper  practical  limit, 
and  used  it  in  making  tables  for  use  in  practice. 

A  remark  must  now  be  added  (relative  to  all  the  experimental  walls 
previously  mentioned,  except  Trautwine's),  that  the  friction  of  the 
backing  on  the  sides  of  the  box  in  which  the  sand  was  contained  has 
been  uniformly  neglected.  Where  the  wall  is  long,  this  can  have 
little  influence,  but  where  the  length  is  not  much  greater  than  the 
height,  as  in  the  experiments,  this  side  friction  becomes  appreciable. 

Darwin,  as  well  as  Leygue,  endeavored  to  estimate  the  amount  the 
full  thrust  (with  no  side  friction)  was  reduced,  by  experimenting 
with  sand  behind  a  retaining  board,  or  wall,  enclosed  in  a  box  as 
usual,  when  a  partition  board  was  placed  perpendicular  to  the  wall 
and  centrally  in  the  mass,  and  comparing  results  with  those  found 
when  the  partition  board  was  omitted.  Leygue  thus  found,  for  walls 
having  a  length  of  twice  the  height,  that  the  true  or  full  thrust  was 
diminished  about  5%  from  the  side  friction,  for  level-topped  earth, 
and  as  much  as  15%  for  the  surface  sloping  at  the  angle  of  repose. 
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If  this  is  true,  then  the  experimental  walls  just  considered  would 
have  to  be  thicker  to  withstand  the  true  actual  thrust;  or  to  put  it 
allot licr  way,  for  the  given  thickness,  the  theoretical  thrust,  inchulinfi: 
the  side  friction,  would  have  to  be  made  (as  a  rough  average)  about 
5%  less  for  the  level-topped  earth  and  (roughly)  15%  less  for  the 
earth  sloping  at  the  angle  of  repose.  From  the  figures  it  is  seen  that 
this  will  modify  the  results  but  slightly,  not  enough  to  alter  the  general 
conclusion  that  the  theory  advocated  (including  the  wall  friction)  is 
practically  sustained  by  the  experiments,  and  that  the  Rankine  theory 
is  not  thus  sustained. 

1'rautwine's  wall  consisted  of  a  central  portion  of  uniform  height, 
from  which  it  tapered  to  the  ends,  the  upper  surface  being  at  the 
angle  of  repose  for  the  tapered  ends.  In  this  case  no  side  friction  was 
developed.     The  results  agree  in  a  general  way  with  the  others. 

In  the  many  experiments  on  high  grain  bins,  the  enormous  influence 
of  the  friction  of  the  grain  against  the  vertical  walls  or  sides  of  the 
bin  has  been  observed.  In  fact,  the  greater  part  of  the  weight  of 
grain,  even  when  running  out,  is  sustained  by  the  walls  through  this 
side  friction.  This  furnishes  another  argument  for  including  wall 
friction  in  retaining-wall  design. 

In  connection  with  this  subject,  it  may  be  observed  that  many 
experiments,  made  to  determine  the  actual  lateral  pressure  of  sand  or 
its  internal  friction  angle,  are  inconclusive,  because  an  unknown  part 
of  the  vertical  pressure  applied  to  the  sand  in  the  vertical  cylinder  or 
box  was  sustained  by  the  sides  of  the  cylinder  or  box.  The  ratio  of 
lateral  to  vertical  pressures,  or  the  friction  angle,  cannot  be  precisely 
found  until  the  proportion  of  the  load  sustained  by  the  sides  of  the 
containing  vessel  has  been  ascertained  experimentally.  The  writer  is 
of  the  opinion  that  the  best  experiments  to  aid  in  the  design  of  retain- 
ing walls  are  those  relating  to  the  rotation  of  retaining  walls  or 
boards.  The  few  given  herein  ai'e  the  best  recorded,  thoTigh  some  of 
them  were  on  models  which  were  too  small.  In  fact,  for  the  small 
models  of  Leygue  and  others,  the  effect  of  cohesion  is  so  pronounced 
that  some  of  the  results  are  very  misleading. 

As  the  experiments  by  Leygue*  were  very  extensive,  and  evi- 
dently made  with  great  care,  they  will  be  considered  carefully  in 
vjiat  follows. 


*  All  the  experiments  of  Leygue  referred  to  in  wliat  follows  may  bo  found  in   Aininles 
des  Pouts  et  Chaussees,  November,  1885. 
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As  preliminary  to  the  discussion,  however,  it  is  well  to  give  the 
essentials  of  Leygue's  experimental  proof  that  cohesion  and  friction 
exist  at  the  same  time.  A  box  without  a  bottom,  about  4  in.  square 
in  cross-section  and  4  in.  high,  was  made  into  a  little  carriage  by  the 
addition  of  four  wheels.  The  latter  ran  on  the  sides  of  a  trough 
filled  with  sand  which  the  bottom  of  the  box  nearly  touched.  The 
box  was  partly  filled  with  sand,  and  the  trough  and  box  were  then 
inclined  at  the  angle  at  which  motion  of  the  box  just  began,  the 
sand  in  the  box  resting  on  the  sand  in  the  trough,  developing  fric- 
tion or  cohesion  or  both,  just  before  motion  began.  Only  friction 
was  exerted  after  motion  began.  The  solution  involves  the  theory  of 
the  inclined  plane,  but,  to  explain  the  ijrinciples  of  the  method, 
it  will  suffice  to  suppose  the  trough  and  the  sand  in  it  to  be  hori- 
zontal, and  that  the  bottomless  box  filled  with  sand  is  just  on  the 
point  of  moving,  due  to  a  horizontal  force  applied  to  it.  The  weight 
of  the  box  and  a  part  of  the  weight  of  the  sand  in  it  held  up  by 
the  friction  of  the  sides,  is  directly  supported  by  the  wheels  resting 
on  the  sides  of  the  trough;  so  that  only  a  fraction  of  the  weight,  W, 
of  the  sand  in  the  box  is  supported  directly  by  the  sand  in  the  trough. 
Call  this  amount  n  W.  Then,  for  equilibrium,  calling  P  the  horizontal 
force,  less  the  resistance  of  the  carriage  wheels,  we  have, 

P  =  AJc-\-nWf, 

where  A  =  the  area  of  the  cross-section  of  the  box, 
Jc  =  the  force  of  cohesion  per  unit  of  area, 
and  f  =  the  coefficient  of  internal  friction  of  the  sand.* 

The  value  of  n  was  found  by  weighing:  For  the  dry  sand  it  varied 
from  0.79  to  0.65,  for  heights  of  the  sand  in  the  box  varying  from 
1.2  to  3.5  in.  For  the  damp  sand  and  fresh  earth  (slightly  moistened 
and  slightly  rammed)  which  can  stand  with  a  vertical  face  for  the 
height  of  the  box,  the  filling  was  loosened  by  many  blows  on  the  box, 
and  n  was  taken  equal  to  1. 

Three  suppositions  were  made:  (1)  that  both  cohesion  and  friction 
acted  at  the  same  time  before  motion;  (2)  that  friction  alone  acted 
(fc  ^  0)  ;  (3)  that  cohesion  alone  acted  (f  =  0). 

*  We  can  suppose,  here,  the  horizontal  force  to  be  the  pull  of  a  cord  extending  horizon- 
tally from  the  box  and  passing?  over  a  fixed  pulley,  and  tliat  at  the  free  end  of  the  cord  a 
weight  is  applied.  The  friction  of  the  pullev  and  carriage  wheels  could  be  found  experi- 
mentally and  allowed  for,  so  that  some  fraction  of  this  weight  would  equal  P. 


Papers,] 


RETAINING  WALLS  AND  PRESSURES  ON  TUNNELS 


59 


The  results  for  various  heights  of  sand   in   the  box  are  given   in 
Table  2. 

TABLE    2. 


(1) 

(2) 

(3) 

A: 

/ 

/ 

k 

7 
40 
31 
90 

0.70 
0.85 
1.70 
1.63 

0.80  to  0.96 
1.20   "    1.90 
2.00   '•  2.40 
2.60  "   4.40 

2(i  to    56 

73   '•   133 

107   "   226 

Fresh  earth 

150  ••  iVi 

The  values  of  k  are  given  in  kilogrammes  per  square  meter.  It 
is  seen  that  suppositions  (2)  and  (3)  give  discordant  results,  whereas 
(1),  for  each  kind  of  filling,  gave  identical  values  of  k  and  of  f  for 
various  heights;  hence  it  may  fairly  be  concluded  that,  before  motion, 
cohesion  and  friction  both  acted  at  the  same  time.  As  to  the  high 
values  found  for  k,  for  the  coherent  fresh  earth,  Leygue  states  that 
Collin  found,  by  an  independent  method,  for  clayey  earth  and  clay 
of  little  consistency,  k  =  113  and  k  =  193,  respectively.  As  a  further 
verification  of  the  values  of  k  and  f  given  in  (1),  it  is  found  tliat, 
on  using  them  in  the  formula  for  computing  the  height  at  which 
the  wet  sand  or  earth  will  stand  vertically,  the  results  agree  with 
experiments. 

The  values  of  k,  in  pounds  per  square  foot,  given  in  Column  (1), 
with  the  values  of  <^  corresponding  to  the  f  given,  are  as  follows: 

Dry    sand,  k  =  1.47,  </>  =  35° 

Wet    sand,  k  =  8.28,  <^  =  40°  22' 

Very    wet    sand,  k  =  6.36,  (f>  =  59°  30' 

Damp  fresh  earth,  k  =  18.45,  <^  =  58°  28' 

It  is  possible  that  the  method  used  by  Leygue  may  prove  of  service 
to  experimenters  in  obtaining  more  accurately  than  hitherto  the  co- 
efficient of  internal  friction.  Increasing  pressures  could  be  obtained 
by  adding  weights  on  top  of  the  sand  in  the  box;  but,  unless  the  total 
weight  sustained  by  friction  along  the  sides  of  the  box  is  determined 
carefully  for  each  weight  used,  the  results  can  have  but  little  value. 
Further,  for  coherent  earths,  the  method  of  Leygue  is  open  to 
objections. 
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Admitting  the  hypothesis  that  cohesion  and  friction  act  at  the  same 
time,  a  general  graphical  method*  will  now  be  given  to  find  the  thrust 
against  the  inner  face,  AB,  of  a  retaining  wall  or  board,  Fig.  11, 
caused  by  the  earth,  AB  b^  H,  tending  to  slide  down  some  plane  of 


rupture,  A   h.,  A   l>.„ 


the  resistance  along  this  plane  being  due 


both  to  friction  and  cohesion 


Suppose  A  h^  to  be  the  plane  of  rupture,  and  call  the  weight  of  the 
prism  of  rupture,  AB  t^  for  a  thickness  of  one  unit,  W.  The  weight 
of  the  prism  causes  the  tendency  to  slide  along  the  planes,  A  h^  and 
AB.  This  tendency  is  resisted  by  the  reactions  of  the  wall,  AB,  and 
the  plane,  A  6^.  The  reaction  of  the  wall  consists  of  the  normal 
component,  E^,  acting  to  the  right,  and  the  friction  resistance, 
E^  tan.  <j>',  acting  up.  The  resultant  of  these  two  forces,  E,  which  is 
equal  and  opposed  to  the  earth  thrust  on  AB,  thus  makes  the  angle,  </>', 

*  This  method  is  an  extension  of  that  given  by  Professor  H.  T.  Eddy  in  his  treatment  of 
earth  thrust,  in  "  Researches  in  Graphical  Statics." 
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with  the  normal  to  the  wall.  Its  direction  is  given  hj  A  f  in  Fig.  11. 
The  reaction  of  A  h^  is  made  up  of  the  cohesion,  C,  acting  up  along 
A  6p  the  normal  comi)onent,  iV,  acting  up,  and  the  friction,  N  tan.  </>, 
acting  up  along  A  h^.  The  two  forces,  N  and  iV  tan.  <^,  when  com- 
hined,  give  a  resultant,  ^^  making  an  angle  </>  with  the  normal, 
g  I,  to  A  by  Heneo,  if  the  angle,  1  g  s^  ^  <^,  then  g  Sy  gives  the 
direction  of  the  resultant,  S. 

The  prism,  AB  h^  A,  is  thus  in  equilibrium  under  its  own  weight, 
ir,  the  cohesive  force,  C,  acting  up  along  A  b^,  the  reaction,  E,  of  AB, 
nctiug  to  the  right,  and  the  force,  S,  acting  up.  On  drawing,  to  the 
scale  of  force,  g  1  vertical  and  equal  to  Wj  then  1  r  parallel  to  A  b^ 
and  equal  to  C;  then  r  c^  parallel  to  J.  /  to  the  intersection  with  g  s^, 
the  sides  of  the  closed  polygon,  g  1  r  c^  g,  in  order,  will  represent  the 
four  forces,  W,  C,  E,  and  8,  in  equilibrium. 

A  similar  investigation  pertains  to  any  other  supposed  prism  of 
rupture.  To  find  the  true  one,  a  number  of  trial  planes  of  rupture, 
A  by  .  A  b^,  .  ..  .,  are  assumed,  and  each  is  treated  in  turn  as  a  true 
one  (though  there  can  be  only  one  true  one).  As  seen  above,  the 
resultant  of  the  normal  reaction  and  friction  on  any  trial  plane  of 
rupture  must  be  inclined  below  tlie  normal  to  the  plane  at  the  angle,  <^. 
To  lay  off  the  directions  of  these  resultants,  from  any  convenient 
point,  g,  say,  in  the  vertical  through  A,  as  a  center,  describe  an  arc, 
A  Sj,  with  a  convenient  radius,  g  A.  With  the  same  radius  and  ^  as  a 
center,  describe  the  arc,  //  /  d  a^,  cutting  the  trial  planes  (produced 
if  necessary)  at  a^,  a.„  .  . .  .,  a^.  .  Let  d  be  the  point  where  the  line  of 
natural  slope  from  A  cuts  the  arc,  H  a^.     On  laying  off  the  chords, 

A  Sy,  A  s^,  .  ..  .,  equal  to  the  chords,  d  a^,  d  a^, ,  respectively,  it 

will   follow   that   g    s^,   g   s, ,    will   make   angles,   <^,   below    the 

normals  to  the  planes,  A  a^,  A  a.,,  .....  respectively.  To  prove  this, 
take  any  trial  plane,  as  A  b^,  which  makes  the  angle,  fi,  with  A  d, 
and  drop  a  perpendicular,  g  I,  from  g  on  A  b^  (produced  if  necessary)  ; 
then,  because  the  sides  of  the  angles  are  perpendicular,  A  g  I  =  H  A  a^ 
^  ^  ^  p^  and  ii  A  g  Sy  =  (3,  it  follows  that  7  ^  s^  =  <^,  as  was  to  be 
proved.  Hence  the  chord,  A  s^  =  the  chord,  d  a^,  A  s^  =  da.,,  etc.,  as 
stated. 

The  weights,  in  pounds,  of  tlie  prisms,  A  B  b^,  A  B  b.,, ,  are. 

^  ep.  B  by,  i  ep  .  B  b^, ,  respectively,  where  p  is  the  length  of  the 

perpendicular    from    A    upon    B  by    (produced    if    nece.ssary),    the   foot 
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being  the  unit  of  length  and  e  being  the  weight,  in  pounds,  of 
1  cu.  ft.  of  earth.  The  prisms  are  supposed  to  be  1  ft.  in  length 
perpendicular  to  the  plane  of  the  paper. 

These  weights  are  now  laid  oif  to  the  scale  of  force,  vertically 
downward  from  g,  to  points  1,  2,  3,  .  . .  .,  and  from  these  points,  lines 
are  drawn  parallel  to  Ah^,  Ah^,  Ah^,  ....,  respectively,  of  lengths 
equal  to  h  .  Ah ^,  k  .  Ah^,  ■■■  .,  to  represent  the  forces  of  cohesion, 
acting  upward  along  A  h^,  A  h.„  .  . .  .,  where  Tc  =  the  force  of  cohesion, 
in  pounds  per  square  foot.  From  the  extremities  of  these  lines,  lines 
are  drawn  parallel  to  the  direction  of  the  earth  thrust  on  AB  (inclined 
at  the  angle,  <^',  below  the  normal  to  AB),  to  the  intersections, 
Cj,  Cg,  C3,  ...  .,  with  g  s^,  g  s.^,  g  s.^,  .  ..  .,  respectively.  With  dividers, 
it  is  found,  for  this  figure,  that  n  c^  is  the  longest  of  these  lines; 
whence  n  c^,  to  the  scale  of  force,  measures  the  earth  thrust  against 
AB,  in  pounds.  This  follows,  because,  for  any  less  thrust,  since  n  is 
fixed,  when  n  c^  becomes  less,  c^  falls  to  the  left  of  the  first  position, 
and  the  new  g  c^,  representing  the  thrust  on  A  h^,  due  to  the  normal 
reaction  on  it  and  friction  only,  will  make  a  greater  angle  than  <^  to 
the  normal  to  A  h^,  which  is  inconsistent  with  the  laws  of  stability 
of  a  granular  mass.  In  fact,  if  N  is  the  normal  component  of  the  thrust 
on  the  plane,  A  h^,  N  tan.  cj)  is  all  the  friction  that  can  be  exerted 
on  it.  The  resultant  of  N  and  N  tan.  <{>  thus  makes  an  angle,  <j>,  with 
N,  and  this  angle  cannot  be  exceeded.  The  true  thrust  on  the  wall, 
AB,  is  thus  the  greatest  of  the  trial  thrusts,  n  c^.  The  prism  of 
rupture,  A  h^  B,  is  in  equilibrium  under  the  four  forces  represented  by 
the  sides  of  the  closed  polygon,  g  4:  n  c^  g;  g  4,  representing  its  weight; 
4  n,  the  cohesion  acting  along  Ah^;  n  c^,  the  reaction  oi  AB  (opposed 
and  equal  to  the  earth  thrust) ;  and  c^  g  the  reaction  of  the  plane, 
A  b^,  due  to  the  normal  component  and  friction  on  it  only.  The 
full  reaction  of  the  plane  can  be  found  by  combining  the  forces,  given 
in  magnitude  and  direction  by  4  w  and  c^  g,  but  it  is  not  needed. 

It  is  to  be  noted  that  n  c^  is  the  least  thrust  for  which  equilibrium 
is  possible.  The  other  trial  thrusts  should  now  be  lengthened  to  equal 
n  c^,  since  this  is  the  true  thrust  or  reaction  of  the  wall,  A  B.  All 
the  new  points,  c^,  c^,  c.^,  c.,  c^.,  will  now  lie  to  the  right  of  the  old 
points;  hence  the  new  g  c^,  g  c^,  g  c^,  g  c^,  g  c^,  will  all  make  less  angles 
than  ^  with  the  normals  to  the  planes,  A  b^,  etc. ;  hence  stability  every- 
where in  the  earth  mass  is  assured. 
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The  solution  represented  by  Fig.  11  is  general,  and  applies  whether 
AB   is    inclined   to    the    right    or   left   of    the    vortical   through   A    or 
coincides  with  it,  and  whether  the  earth  surface  B  6^  is  horizontal  or 
inclined   above   or   below   the   horizontal.     It   can   likewise   be   easily 
adapted  to  the  case  shown  in  Fig.  1.*     The  construction  of  Fig.  11 
has  been  used  in  evaluating  the  thrust  and  determining  (approximately) 
the  plane  of  rupture  in  the  experiments   (recorded  below)  of  Leygue 
on   retaining  boards,  AB,  that  could  be  rotated   about  A,  and  thus 
placed  at  any  inclination  to  the  vertical.     In  all  the  experiments,  the 
vertical  height  of  AB  was  0.656  ft. ;  the  length  of  the  board  was  1.3  ft. 
The  value  of  the  moment  of  the  eartli  thrust  about  A  was  found  by  use 
of  suitable   apparatus,   corresponding 
to  dry  sand  with  a  natural  slope  of  ^ 
3   base  to   2   rise,   or  <^  =  33°   41', 
(f/  =  (f),  and  c  ^  89  lb.  per  cu.  ft.    By 
use  of  the  partition  board  mentioned 
previously,   the    side   friction    of   the 
sand  on  the  glass   sides   of   the  box 
containing  it  was  estimated,  and  the 
moments  corrected,  so  as  to  give  the 
true  moment  when  there  is  no  side  friction.     The  notation  used  to 
express  results  is  partly  given  in  Fig.  12,  for  the  general  case  where, 
h  =  vertical  height  of  the  board,  AB; 
ch  =  vertical  height  to  center  of  pressure  on  AB; 
a  =  angle  AB  makes  with  the  vertical,  counted  as  positive  or 
negative  according  as  AB  lies  to  the  right  or  left  of  the 
vertical  through  A; 
i  =  inclination  of  surface  of  earth  to  the  horizontal; 
E^=  K^  e  h^  =  normal  component  of  tlirust  on  AB,  acting 

c  h  feet  vertically  above  A; 
E^^^  f  E^  =  tan.  (f)'  E^  =  component  of  thrust  acting  in  the 

direction  from  B  to  A,  f  =  tan.  cf/ ; 
y  ^  angle  plane  of  rupture  makes  with  horizontal. 

*  To  attain  the  greatest  accuracy,  in  constructions  like  that  sliown  in  Flp;.  11,  the  scale 
should  be  as  large  as  possible;  the  arcs  of  circles,  especially,  nuist  be  ilniwn  with  a  large 
radius,  and  the  points,  s,,  Sj,  etc.,  determined  with  care.  The  angle.  H  A  f;  can  be  com- 
puted and  laid  off  l>v  aid  of  a  table  of  chords.  The  construction  in  this  figure  corresponds 
to  a  vertical  height  'of  A  B  =  0.G50  ft.,  k  -  \,e  =  80.  The  value  of  the  component.  K,,  per- 
pendicular to  .-1  li.  is  now  to  be  found,  by  drawing  lines  from  n  and  c,,  perpendicular  and 
parallel  to  A  B.  to  intersection,  and  measin-ing  the  component  to  scale.  For  A:  =  2,  it  is 
round  that  -4  6,  is  the  plane  of  rupture.  The  line,  m  c/,  through  the  new  r,  (r,'),  repre- 
senting the  thrust,  is  very  small;  but  it  can  be  easily  magnified  by  laying  off  the  polygon, 
g  1  m  f  ,■,  to  a  scale  two  or  three  times  as  large,  and  thus  the  thrust  can  be  found  as  accu- 
rately as  before. 
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The  resultant,  E,  of  E^  and  E^,  evidently  makes  the  angle,  ^',  with 
the  normal  to  AB.  The  moment  of  this  resultant  about  A  ^  M  =  E^ 
c  h  sec.  a  =  c  Jij  sec.  a  .  e  Jv^  =  m  e  h^,  if  we  put  m  =  c  K^  sec.  a. 
From  the  last  formula,  it  is  seen  that  m  is  the  moment  of  the  thrust 
about  A,  for  e  =  /i  =  1;  also  from  E^  ^^  K^  e  h^,  it  follows  that  K^^ 
is  the  normal  component  of  the  thrust  for  e  =  h  ^  1. 

When  cohesion  is  included,  c  is  not  exactly  J,  but  it  is  very  slightly 
less  for  A;  ^  1  or  2,  It  will  be  assumed  at  J,  and,  from  the  values 
of  m  given  by  Leygue,  K^  will  be  derived  from  the  formula  above, 

/ij  ^  .3  m  cos.  a. 

Thus,  for  the  case  represented  by  Fig.  11,  tan.  a  =^  ^,  therefore 
a  =  1S°  20',  COS.  a  =  0.941);  tan.  i  =  f.  Experiment  gave  m  =  0.0.'52, 
therefore  Z,  =  3  X  0-032  X  0.949  =  0.091. 

Neglecting  cohesion,  theory  gives  K^^  =  0.182,  or  twice  the  amount 
given  by  experiment.  If,  however,  the  construction  of  Fig.  11  is  made 
for  the  actual  height  of  the  retaining  board,  h  =  0.656  ft.,  e  =  80, 
Jc  ^  1  (cohesion,  in  pounds  per  square  foot),  we  find  E^  =  2.75.  On 
substituting  this  in  the  formula,  E^  =  K^  e  h-,  we  have, 

2.75  =  80   (0.650)2  x^,  therefore  K^  =  0.080. 

By  a  comparison  of  the  values,  it  is  evident  that,  if  the  cohesion 
was  assumed  at  a  little  less  than  1  lb.  per  sq.  ft.,  the  theoretical  and 
experimental  values  could  be  made  to  agree  exactly.  The  case  just 
examined  exhibits  the  most  pronounced  difference  between  the  ordinary 
theory  (corresponding  to  A;  =  0)  and  experiment,  of  any  shown  in 
Table  3.  Further,  it  will  be  observed,  that,  for  an  assumed  cohesion 
of  about  1  lb.  per  sq.  ft.,  the  theoretical  and  experimental  values  for  all 
the  cases  given  by  Leygue  very  nearly  agree. 

The  value,  e  =  80,  in  place  of  Leygue's,  e  =  89,  was  used,  which 
would  alter  the  results  somewhat,  but  not  the  general  conclusions.  The 
construction  of  Fig.  11  will  give  E  and  its  normal  component,  E^, 
with  practical  accuracy,  but  it  is  not  readily  adaptable  in  finding  the 
plane  of  rupture.  In  most  of  the  drawings  a  small  scale  was  used,  in 
order  to  limit  the  drawing  to  a  sheet  of  writing  paper,  hence,  on  both 
accounts,  y  cannot  be  counted  on  to  nearer  than  1°  or  2°,  except  for 
A;  =  0,  when  y  was  found  by  computation,  or  by  the  construction 
of  Fig.  1. 
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TABLE   3. 


Coefficient  K^  of  the 

Cohesion, 

Angle  of  rupture  with 

NORMAL  COMPONENT  OP 

A:, 

THE  HORIZONTAL, 

THE  THRUST 

Tan.  a. 

Tan.  i. 

in  pounds 

per 

square 

foot. 

Y- 

El  =  Xj  e  h^. 

Theory. 

Experiment. 

Theory. 

Experiment. 

+  \ 

0 

0 

50°  12' 

0.060 

1 

51" 

51°  30' 

0.042 

0.043 

2 

52°  30' 

0.026 

+  {- 

2 
3 

0 

33"  41' 

0.182 

1 

44° 

47° 

0.0H4 

0.091 

2 

49° 

0.043 

0 

0 

0 

56°  36' 

0.111 

1 

57° 

56°  30' 

0  093 

0.090 

2 

58° 

0.077 

3 

58°  «0' 

0  062 

0 

1 
2 

0 

47°  80' 

0.178 

1 

50° 

51° 

0.148 

0.141 

2 

53° 

0.121 

3 

55° 

0  098 

0 

2 
3 

0 

33°  41' 

0.345 

1 

44° 

49° 

0.205 

0.195 

2 

46°  30' 

0.150 

3 

50° 

O.lll 

1 

3 

0 

0 

60°  21' 

0.185 

1 

63° 

61° 

0.171 

0.179 

2 

63° 

0.155 

1 

2 

~  3 

3 

0 

33°  41- 

0.660 

1 

57° 

57° 

0.267 

0.387 

2 

50° 

0.236 

The  results  in  Table  3  are  remarkable,  and  e-xplaiii  ciuite  satis- 
factorily how  Leygue,  Darwin,  and  others  found,  by  exi)eriinents  on 
small  models,  results  differing  so  much  from  the  ordinary  theory, 
where  cohesion  is  neglected. 

It  should  be  remarked  that  the  values  of  y,  given  in  Table  3  under 
"Experiment,"  are  not  exactly  those  given  by  Leygue  in  his  tables,  but 
are  the  averages  obtained  from  the  two  sets  of  drawings  given  by  him 
in  the  plates,  and  represent  the  inclinations  of  the  chords  of  the  really 
curved  surfaces  of  rupture.    His  experiments  with  the  spring  apparatus 
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are  not  considered,  as  the  results  are  open  to  doubt,  because  the  prism 
of  rupture,  in  descending,  could  not  slide  down  freely,  but  as  it 
advanced  would  rub  over  the  floor,  thus  lessening  the  thrust  there 
considerably. 

From  Table  3,  the  results  given  by  experiment  are  seen  to  differ 
widely  from  the  ordinary  theory  in  which  k  =^  0. 

The  discrepancies  are  largely,  or  almost  entirely,  due  to  the  very 
small  models  used,  as  will  be  evident  from  the  following  considera- 
tions: Suppose  the  height,  h,  of  the  wall,  AB,  to  be  10  times  the 
height  given  in  Fig.  11,  or  6.56  ft.;  then,  as  the  areas  of  triangles  such 
as  AB  &j,  etc.,  vary  as  the  squares  of  the  heights,  but  the  lengths  of 
sides,  as  Ah^^,  etc.,  vary  only  as  the  first  power  of  the  heights,  the 
weights  of  the  successive  trial  prisms  of  rupture  will  be  10^  or  100 
times  as  great  as  before,  whereas  the  corresponding  cohesive  forces, 
acting  along  the  planes,  A  h^,  etc.,  will  be  only  10  times  the  first  values. 
Hence,  if  we  use  a  scale  of  force  ^ho  oi  the  former  scale,  the  weights  of 
the  prisms,  AB  h^,  AB  h^,  etc.,  will  be  represented,  as  before,  hj  g  1,  g  2, 
etc.,  but  the  lines  representing  the  cohesive  forces  will  be  only  -^^  of 
the  former  lengths.  Thus  the  new  4  n.  Fig.  11,  will  be  laid  off  from 
1  only  yV  of  t^6  length  shown  in  the  figure. 

The  relative  decrease  in  the  lines  representing  cohesive  forces 
will  be  still  more  marked  for  a  wall  20  X  0-656  =  13.12  ft.  high,  the 
weights  of  prisms  being  400  times  as  great,  but  the  cohesive  forces 
only  20  times  as  great  as  before.  It  is  evident  from  this  reasoning 
that,  for  A;  =  1,  the  cohesive  forces  are  practically  negligible  for  walls, 
say,  10  ft.  high,  especially  if  the  earth  surface  is  level.  In  fact,  a 
little  examination  of  the  original  drawings  showed,  for  walls  about 
6  ft.  high,  that  the  earth  thrust,  neglecting  cohesion,  was  only  from 
1  to  5%  in  excess  over  that  for  fc  =  1.  The  smaller  percentages 
referring  to  tan.  a  =  —  ^,  or  tan.  a  =  0,  while  the  larger  percentages 
referred  to  tan.  a  =--  +  }-,,  for  earth  surface  horizontal  or  sloping 
at  the  angle  of  repose. 

Such  results  should  be  of  great  service  to  future  experimenters  as 
proving  two  things:  (1)  that  dry  sand,  with  as  small  a  coefficient  of 
cohesion  as  possil)le,  should  be  used  (perhaps  grain  would  be  a  more 
suitable  material),  and  (2)  that  no  experimental  wall  should  be  less 
than  from  6  to  10  ft.  high. 

Even  if  the  wall  is,  say,  6  ft.  high,  if  damp  clayey  earth  is  used 
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as  the  filling,  with  a  coefficient  of  adhesion,  Jc  =  10,  then  all  the  dia- 
grams of  forces,  as  in  Fig.  11,  will  be  the  same  as  before,  or  similar 
figures,  and  the  discrepancies  noted  in  Table  3,  will  be  as  pronounced 
as  ever.  All  the  experiments  on  retaining  boards,  except  some  of 
Curie's,  have  been  with  very  small  models,  and  the  results  have  brought 
the  common  theory  under  suspicion,  if  not  into  disrepute. 

The  writer  hopes  that  the  foregoing  investigation  and  results  may 
be  instrumental  in  establishing  more  confidence  in  the  theory,  and  in 
showing  when  cohesive  forces  may  be  practically  neglected  and  when 
they  must  be  included. 

As  an  illustration,  the  results  for  a  vertical  wall  10  ft.  high  are 
presented  in  Table  4;  taking  <^  =  33°  41'  and  e  =  80.  In  the  first 
wall,  the  surface  of  the  earth  was  horizontal,  in  the  second  wall  its 
slope  was  1  rise  to  2  base. 

TABLE    4. 


Tan.  a. 

Tan.  i. 

fc. 

V- 

A',. 

0 

0 

0 

.56036' 

0.111 

1 

56° 

0.110 

5 

570 

0.101 

10 

57° 

0.096 

0 

1 

0 

47»30' 

0.178 

2 

1 

49<' 

0.176 

5 

49° 

0.165 

10 

49° 

0.155 

In  Table  4  the  results  for  7*;  =  0  and  Ic  =1  are  practically  the  same, 
but  TT,  for  k  =  10  is  13%  less  than  for  k  =  0.  If  the  value,  h  =  18.5, 
for  fresh  earth  slightly  damp  and  lightly  rammed,  given  by  Leygue 
above,  is  even  approximately  correct,  it  is  seen  that,  for  such  a  filling, 
the  efi"ect  of  cohesion  must  be  included  to  get  results  at  all  agreeable 
with  experience  or  experiment. 

Recurring  to  the  experimental  retaining  walls  proper.  Figs.  4  to  9, 
it  is  evident  from  the  foregoing,  that  cohesion  will  affect  the  results 
inappreciably,  except  jjerhaps  in  the  case  of  Figs.  6  and  7,  where 
the  height  was  about  0.6  ft.  Assuming  k  =  1,  it  seems  to  be  probable, 
from  the  results  of  Table  4,  that  the  thrust  should  be  decreased  in 
the  ratio  of  93:111.  Effecting  the  construction  for  the  new  thrust, 
it  is  found  that  the  point,  I,  falls  within  the  base,  0.03  of  its  width  for 
Fig.  6  (Trautwine's  wall),  and  0.02  of  its  width  for  Fig.  7  (Curie's 
wall). 
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The  theory  advocated  is  thus  practically  sustained  by  all  the  experi- 
ments given  above,  either  on  retaining  boards  or  retaining  walls  proper, 
when  a  coefficient  of  cohesion  of  about  Ic  =  1  for  dry  sand  is  used. 

The  method  of  evaluating  the  thrust,  given  in  Fig.  11,  is  as  valid 
when  A;  =  0,  or  cohesion  is  neglected,  as  in  the  ordinary  theory.  The 
lines  parallel  to  the  thrust  are  now  drawn  directly  from  1,  2,  ...., 
to  the  intersection  with  g  c^,  g  c,,,  ...  .,  and  the  greatest  one  is  taken 
for  the  true  thrust.  Although  the  writer  expressly  disclaims  any 
great  accuracy  in  the  values  of  K^  in  Table  4,  on  account  of  the  small 
scale  of  the  drawings,  nevertheless,  the  results  by  the  construction  for 
Tc  =  0  and  tan.  *  =  0  or  i,  were  found  to  differ  from  computed 
values  only  2,  3,  0,  and  1  %  for  the  different  cases,  which  should  give 
confidence  in  the  general   conclusions,   at  least. 

The  diagram.  Fig.  11,  with  a  slight  modification,  can  be  utilized  to 
find  the  coefficient  of  cohesion,  Ic,  at  which  the  bank  of  earth  will 
stand  without  a  retaining  board.  Thus,  let  each  line,  as  4  n,  represent- 
ing the  cohesive  force  acting  along  its  proper  plane,  be  extended  to 
meet  the  corresponding  g  c;  any  such  line  measured  to  the  scale  of 
force  and  then  divided  by  the  length  of  the  plane  along  which  it 
acts,  will  give  the  cohesive  force,  in  pounds  per  square  foot,  cor- 
responding to  no  thrust  on  AB,  for  the  particular  plane  considered. 
The  greatest  of  these  values  is  evidently  the  value  of  Jc  for  which 
the  filling  will  stand  without  a  retaining  board.  The  work  can  be 
much  abbreviated  by  using  a  well-known  principle,  that  the  plane 
along  which  the  unit  cohesion  is  greatest  (the  plane  of  rupture) 
bisects  the  angle,  BA  d,  between  the  surface,  AB,  and  the  line  of 
natural  slope.  Suppose  A  h^  to  be  this  plane,  then  we  have  only  to 
extend  1  m  to  meet  g  c^,  at  0,  measure  10  to  the  scale  of  force,  and 
divide  by  the  lengih  of  A  h^,  to  the  scale  of  distance,  to  find  the 
coefficient  desired.  By  either  method  it  was  found  that  a  cohesive 
force  of  7  lb.  per  sq.  ft.  was  required  to  sustain  a  mass  of  earth  with 
a  vertical  face,  AB  =  0.656  ft.  high,  when  B  h^  was  horizontal. 

It  was  stated,  in  connection  with  Equations  (1)  and  (2),  referring 
to  the  thrust  on  a  vertical  wall  of  height,  h,  with  the  earth  surface  slop- 
ing at  the  angle  of  repose,  that  this  particular  case  would  be  discussed 
later.  To  show  the  influence  of  cohesion,  the  planes  of  rupture  for 
such  a  wall,  2.4  ft.  high,  for  various  values  of  k  (in  pounds  per  square 
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foot),  are  given  in  Fig.  13.     The  values  of  K^   (for  e  =  80  and 
^'  =  33°  41')  are  as  follows: 


ifc  =  0. 

h  =  2. 
k  =  3. 


.K^  =  0.345     k  =    5 K^  =  0.183 

.K^  =  0.237     k  =  10 K^  =  0.120 

.K^  =  0.215     k  =  15 K^  =  0.075 


'J'he  first  value  was  found  by  computation,  the  others  by  construc- 
tion. As  is  well  known,  tho  theoretical  plane  of  rupture  approaches 
indefinitely  the  natural  slope  as  k  approaches  zero.  For  appreciable 
cohesion  (and  there  is  always  some  cohesion)  the  plane  of  rupture  lies 
above  the  natural  slope,  with  very  materially  decreasing  normal 
components  to  the  thrust  as  k  increases.  As  the  height  of  wall 
increases,  the  influence  of  cohesion  diminishes.  Thus,  as  shown  above, 
for  a  wall  5  times  2.4  ft.,  or  12  ft. 
high,  the  weights  of  the  prisms, 
ABC,  etc.,  are  25  times  the  former 
values,  but  the  cohesive  forces, 
which  vary  directly  as  A  C,  etc., 
are  only  5  times  the  first  values. 
Hence,  if  the  former  values  of  k  are 
multiplied  by  5,  the  new  diagram  -C 
of  forces.  Fig.  11,  will  be  similar  -' 
to  the  old  one.  Thus,  for  the  wall  i 
12  ft.  high,  the  plane  of  rupture 
and  the  value  of  K^,  for  k  =  10, 
correspond  to  the  old  values  for  A;  =  2,  for  A;  =  15,  to  the  old  values  for 
k  =  3.  For  fresh  earth  filling,  slightly  packed,  it  is  possible  that  the 
values,  k  =  10,  k  =  15,  may  be  reached,  with  a  material  reduction 
in  /Tj  from  the  values  given  by  Equations  (1)  and  (2).  As  the  height 
of  the  wall  increases,  say  to  25  or  50  ft.,  the  influence  of  cohesion,  in 
diminishing  the  thrust,  becomes  very  small,  and  it  is  better  to  ignore 
it  altogether.  In  fact,  as  we  know  very  little,  and  that  imperfectly, 
of  the  coeflBcients  of  cohesion,  it  is  perhaps  safer,  at  present,  to  use 
Equations  (1)  and  (2)  in  all  cases.  It  is  very  evident,  though,  that 
for  most  cases  in  practice,  the  formulas  give  a  very  appreciable  excess 
over  the  true  thrust,  and  that  the  true  plane  of  rupture  never 
coincides  with  the  natural  slope. 


Fig.  13. 
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From  all  that  precedes,  it  is  seen  that  the  results  of  experiments  on 
small  models  in  the  past  have  proved  to  be  very  misleading,  and 
that  experiments  on  large  models  are  desirable,  and  can  alone  give 
confidence.  Leygue  has  made  such  experiments  on  retaining  boards, 
from  1  to  2  m.  (3.28  to  G.56  ft.)  in  height,  simply  to  determine  the  sur- 
face of  rupture.  This  is  really  the  essential  thing,  for,  as  soon  as  the 
prism  of  rupture  is  known,  the  thrust  is  easily  found.  In  a  general 
way,  the  results  agree  with  theory  when  the  cohesion  is  neglected, 
though  the  curved  surfaces  of  rupture  were  very  irregular,  particu- 
larly for  the  stone  filling.  The  first  two  experiments  were  made  with 
both  dry  and  damp  sand  as  a  filling;  the  next  six,  with  stones  varying 
from  1.5  to  20  in.  in  diameter.  In  another  series  of  five  experiments, 
sand  was  used.  In  all  the  foregoing  experiments,  the  surface  of  the 
material  was  horizontal.  In  three  additional  experiments,  the  walls 
were  surcharged  with  sand  as  a  filling.  In  one  experiment,  the  wall 
was  6.56  ft.  high  and  the  surcharge  was  3.28  ft.;  in  another  experi- 
ment, the  wall  was  3.28  ft.  high,  and  the  sand,  sloping  from  its  top 
at  the  angle  of  repose,  as  in  the  former  case,  extended  to  3.28  ft. 
above  the  wall,  where  the  surface  was  horizontal. 

Applying  the  construction  of  Fig.  1,  it  was  found  that  the  plane 
of  rupture  passed,  say,  2°  above  that  given  by  experiment  in  the 
first  case  and  about  3°  below  in  the  second.  It  will  be  evident  from 
the  construction  of  Fig.  11,  omitting  cohesion,  that  trial  planes  of 
rupture  differing  by  2  or  3°  from  the  true  one,  give  nearly  the  same 
thrust.  Taking  the  average,  these  experiments  on  large  models,  tend, 
in  a  general  way,  to  sustain  the  theory. 

In  the  late  Sir  Benjamin  Baker's  paper,  "Tlie  Actual  Lateral 
Pressure  of  Earthwork,"*  two  experiments  by  Lieutenant  Hope  and 
one  by  Colonel  Michon,  on  counterforted  walls,  are  given.  Although 
such  walls  do  not  admit  of  precise  compvitation,  on  account  of  the 
unknown  weight  of  earth  carried  by  the  counterforts,  through  friction 
caused  by  the  thrust  of  the  earth  in  a  direction  perpendicular  to  the 
counterforts,  still  the  computation  was  made,  as  the  conclusions  are 
interesting.  Therefore,  the  first  vertical  wall  of  Lieutenant  Hope  was 
examined,  especially  as  Mr.  Baker,  using  the  Rankine  theory,  found, 
for  this  wall,  the  greatest  divergence  between  the  actual  and  the 
Rankine  thrust,  of  any  retaining  wall  examined. 

*  Minutes  of  Proceedings,  Inst.  C.  E.,  Vol  LXV,  p.  140;  reprinted  in  Van  Nostrand's 
Science  Series. 
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At  the  inoinent  of  failure,  the  wall  was  12  ft.  10  in.  high,  the 
thickness  of  the  panel  was  18  in.,  and  the  counterforts  were  10  ft. 
from  center  to  eenter,  projecting  27  in.  from  the  wall,  or  3  ft.  !)  in. 
from  till'  t'acc.  as  inferred  I'rein  the  next  example.  As  it  is  stated  that  the 
wall  had  the  same  volume  as  the  10-ft.  wall  previously  examined  in 
this  paper  (Fig.  4).  the  counterforts  must  have  been  2  ft.  thick. 
Assuming  these  dimensions,  and  using  the  values  given;  tan.  6  ^=  i, 
or  ^  =  36°  52'  (say  =  </>'),  e  =  95.5  lb.  =  weight  of  a  cubic  foot 
of  earth,  and  w  =  100  lb.  =  weight  of  a  cubic  foot  of  masonry,  we 
first  compute  E^  =  1 496  lb.,  the  normal  component  of  the  earth 
tlirust  on  a  length  of  1  ft.  of  wall.  The  normal  thrust  on  the  panel 
is  thus  S  E^  and  on  the  counterfort  2  E^.  The  friction  (acting  verti- 
cally downward)  caused  by  this  thrust  is  8  E^  tan.  0  on  the  panel  and 
2  E^  tan.  0  on  the  counterfort.  The  moment  of  these  forces  about 
the  outer  toe  of  the  wall,  totals  39  800  ft-lb.  The  resisting  moment  of 
10  ft.  in  length  of  combined  panel  and  counterfort,  about  the  outer 
toe,  assuming  the  wall  to  be  vertical,  is  29  800  ft-lb.  If,  to  the  latter, 
we  add  the  moment  of  17%  of  the  weight  of  earth  between  the  counter- 
forts, supposed  to  be  held  up  by  the  sides  of  the  latter,  the  total 
moment  exactly  equals  the  first.  However,  at  the  moment  of  failure 
by  overturning,  the  panels  had  bulged  4i  in.  and  the  overliang  at  the 
top  was  7h  in.  Taking  the  moment  of  stability  of  the  wall  at  26  000 
ft-lb.  (Mr.  Baker's  figure),  it  is  found  that,  for  equilibrium,  24%  of 
the  weight  of  earth  between  the  counterforts  must  be  carried  by  them. 
When  the  earth  was  8  ft.  high,  a  heavy  rain  was  recorded,  so  that, 
doubtless,  some  appreciable  cohesion  was  exerted,  though  necessarily 
omitted  in  the  computation. 

The  experimental  wall  of  Colonel  Michon  was  40  ft.  high,  with  very 
deep  counterforts,  only  5  ft.  from  center  to  center.  The  very  heavy 
and  wet  filling  between  the  counterforts,  being  treated  as  a  part  of  the 
wall,  a  construction  (made  on  the  printed  drawing)  shows  that  the 
resultant  of  earth  tlirust  and  weight  of  wall  passes  through  the  outer 
toe.  Doubtless  the  cohesion  factor  in  this  wall  was  large.  In  the 
paper  mentioned,  the  details  as  to  General  Burgoyne's  experimental 
walls  are  given.  There  were  four  of  these  walls,  each  •_'<)  ft.  long,  20  ft. 
high,  and  with  a  mean  thickness  of  3  ft.  4  in.  Two  of  the  walls 
were  perfectly  stable,  as  in  fact  theory  indicates  for  all  four  walls 
if  they  were  monolithic.     The  other  two  walls  fell,  one  bursting  out 
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at  5  ft.  6  in.  from  the  base,  and  the  other  (a  vertical  wall),  breaking 
across,  as  it  were,  at  about  one-fourth  of  its  height.  As  these  walls 
consisted  of  rough  granite  blocks  laid  dry,  it  is  highly  probable  that 
the  breaks  were  due  to  sliding,  owing  to  the  imperfect  construction; 
besides,  "the  filling  was  of  loose  earth  filled  in  at  random  without 
ramming  or  other  x>recautions  during  a  very  wet  winter." 

From  a  consideration  of  all  the  observations  and  experiments  (some 
of  them  unintentional),  Mr.  Baker  concludes  that  the  theoretical 
thrust  is  often  double  the  actual  lateral  pressure.  He  used  the  old 
theory,  which  neglects  both  cohesion  and  wall  friction.  If  he  had 
included  them,  the  resulting  theory  would  not  have  been  so  deficient 
"in  the  most  vital  elements  existent  in  fact"  as  he  charges  against 
the  "textbook"  theory. 

However,  the  writer  must  be  clearly  understood  as  not  recommend- 
ing that  cohesive  forces  be  considered  in  designing  a  retaining  wall 
backed  by  a  granular  material,  such  as  fresh  earth,  sand,  gravel,  or 
ballast.  It  has  been  the  main  object  of  this  paper  to  show  that, 
although  cohesive  forces  must  be  included  in  interpreting  properly 
the  results  on  small  models  and  many  retaining  walls,  yet,  for  walls 
more  than  6  or  10  ft.  in  height,  backed  with  dry  fresh  material,  not 
consolidated,  the  cohesive  forces  can  be  practically  neglected  in  design. 
Hence,  experimenters  are  strongly  advised  to  leave  small  models  severely 
alone  and  confine  their  experiments  to  walls  from  6  to  10  ft.  high, 
backed  by  a  truly  granular  material,  such  as  dry  sand,  coal,  grain, 
gravel,  or  ballast,  where  the  cohesive  forces  will  not  affect  the  results 
materially.  Further,  it  is  evident  that  walls  of  brick  in  wet  sand,  or 
walls  of  granite  blocks,  etc.,  laid  dry,  are  very  imperfect  walls.  The 
overhang,  just  before  falling,  is  large,  and  the  base  is  often  imperfect. 
For  precise  measurements,  a  light  but  strong  timber  wall  on  a  firm 
foundation,  seems  to  be  best;  and  the  triangular  frame  of  Fig.  8  seems 
to  meet  the  required  conditions  very  well,  especially  if  the  framing  is 
an  open  one,  with  a  retaining  board  only  on  one  leg.  The  base  thus 
becomes  wider  and  the  overhang  less,  than  with  any  rectangular  wall. 

When  the  design  of  a  wall  to  sustain  the  pressure  of  consolidated 
earth  is  in  question,  even  if  a  perfect  mathematical  theory  existed,  it 
would  still  prove  of  little  or  no  practical  value,  because  the  coefficients 
of  friction  and  cohesion  are  unknown.  The  coefficient  of  friction  at 
the  surface  can  be  easily  found,  but  it  is  a  difficult  matter  to  find  the 
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coefficient  of  cohesion,  wliioli  doubtless  varies  greatly  throughout 
the  mass. 

Mr.  W.  Airj',  in  his  discussion  of  Mr.  Baker's  paper,  states  that 
he  found  the  tensile  strength  of  a  block  of  ordinary  brick  clay  to  be 
168  and  of  a  certain  shaley  clay  800  lb.  per  sq.  ft.,  the  coefficients  of 
friction  for  the  two  materials  being  1.15  and  0.36,  respectively. 
Cohesive  resistance  is  more  analogous  to  shear,  but  such  figures  indicate 
the  wide  variations  to  be  expected,  particularly  in  k,  the  coefficient  of 
cohesion.  If  this  coefficient  is  to  be  guessed  at,  in  order  to  substitute 
it  in  the  supposed  perfect  formula,  then  it  is  plainly  better  to  guess  at 
the  thickness  of  the  wall  in  the  first  instance. 

As  an  illustration,  consider  the  well-known  equation  :* 

4  fc  1  +  si"-  0        4  fc 


h  = 


i.  0  e    \  / 


e        cos.  0 

which  gives  the  height,  /;,  of  vertical  trench  that  will  stand  without 
any  sheeting. 

In  this  equation, 

k  =  the  cohesive  or  shearing  resistance,  in  pounds  per  square 

foot; 
e  =  the  weight  of  a  cubic  foot  of  earth,  in  pounds; 
/  =:  tan.  <f>; 

(j,  =  the  inclination  of  the  natural  slope;  and 
h  =  the  height  of  the  unsupported  bank,  in  feet. 

Thus,  if  f  =  0.7,  whence  cf)  =  35°,  the  equation  reduces  to 

k 

/i  =  7.68     - 
e 

For,  e  =  100,  A:  =  100,  h  =     7.G8  ft., 

e  =  100,  k  =  200,  h  =  15.36  ft., 

e  =  100,  k  =  300,  h  =  23.04  ft. 

As  certain  trenches  with  vertical  sides  have  been  observed  to  stand 
unsupported  for  heights  of  15  or  even  25  ft.,  the  equation  would  seem 
to  indicate  that  cohesive  or  shearing  resistances  of  about  200  to 
300  lb.  per  sq.  ft.  were  required  to  cause  equilibrium.     If  friction  is 

not  supposed  to  be  exerted,  then  /  =  0  and  /;   =  4:  —;  and,  for  the 

e 

same  unsupported  heights,  the  cohesion  would  be  about  doubled.     Evi- 

*  In  reference  to  this  equation,  see  Appendix. 
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dently,  if  cohesion,  which  (to  judge  from  Mr.  Airy's  experiments)  may 
vary  from  one  to  several  hundred  pounds  per  square  foot,  has  to  be 
g-uessed  at  in  order  to  determine  h,  it  is  plainly  better  to  guess  at  h 
at  once. 

The  foregoing  equation  cannot  be  regarded  as  giving  very  accurate 
results,  mainly  because  a  plane  surface  of  rupture  is  assumed,  whereas, 
from  both  theory  and  observation,  this  surface  is  known  to  be  very 
much  curved;  besides,  the  cohesion  and  friction  along  the  ends  of  the 
break  have  been  neglected.  However,  the  hypothesis  of  a  plane  surface 
of  rupture,  the  ends  being  supposed  to  be  included,  gives  a  greater 
value  to  /i  than  the  true  one,  whereas,  neglecting  the  influence  of  the 
ends,  it  tends  in  the  other  direction;  so  that  the  equation  may  not 
err  so  greatly. 

In  the  discussion  of  the  paper*  by  J.  C.  Meem,  M.  Am.  Soc.  C.  E., 
E.  G.  Haines,  M.  Am.  Soc.  C.  E.,  states  that  where  breaks  occur 
in  the  sides  of  an  unsupported  trench,  the  solid  H  G  F 

rupture  often  approximates  to  a  quarter-sphere, 
surmounted  by  a  half-cylinder  of  the  same  ^ 
height,  the  radii  of  the  sphere  and  cylinder 
being  eciual.  In  Fig.  14,  let  AIBE  represent  the 
quarter-sphere,  ABG  the  half -cylinder,  and 
EACDB  the  face  of  the  trench.  According  to 
the  observations  of  Mr.  Haines,  when  the  part, 
ACDB,  of  the  side  of  the  trench  is  supported  by 
sheeting  and  bracing,  it  sometimes  happens  that  a  part  of  the  quarter- 
sphere,  AIBE,  breaks  out,  so  that  the  semi-cylinder  above  would 
descend  but  for  the  bracing,  the  thrust  of  which,  it  is  supposed, 
induces  arch  action  in  the  earth. 

This  is  possible;  but,  if  so,  as  the  sheeting  is  not  supposed  to  be 
carried  to  the  bottom  of  the  trench,  there  can  be  no  vertical  component 
in  its  reaction,  and  the  thrust,  B.  of  the  braces  and  sheeting,  acting 
on  ACDB,  must  be  horizontal;  further,  the  earth  cannot  act  as  a 
series  of  independent  arches  devoid  of  frictional  resistance  between 
them,  but  must  act  as  a  whole. 

Another  way  of  explaining  the  phenomena  is  to  suppose  the  hori- 
zontal thrust  of  the  braces,  B,  on  the  exposed  face,  ABCD,  to  cause 

*  "The  Bracing  of  Trenches  and  Tunnels,  With  Practical  Formulas  for  Earth  Pressures." 
Transactions,  Am.  Soc.  C.  E.,  Vol.  LX,  p.  1.  A  number  of  important  facts  brought  out  in 
this  paper  are  of  vital  importance  to  constructors. 
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friction  at  the  baok  of  the  break  of  sufficient  intensity  to  prevent  the 
semi -cylinder  from  descending:,  just  as  a  book  can  be  held  against  a 
vertir;il   wall   by   a   lidrizunlal    imsli. 

To  illustrate  the  principle,  it  will  suffice  to  replace  the  semi- 
cylinder  by  the  circumscribing  parallelopiped,  AF,  and  suppose  it  to 
be  held  up  by  the  friction  ou  the  back  face,  with  possibly  cohesion 
acting  on  the  three  interior  vertical  faces.  Thus,  let  AC  =  CH  =  a, 
and  AB  =  2  a;  then  the  friction  on  the  back  face  is  B  f,  the  cohesion 
on  the  three  faces  is  (•2  a-  -\-  2  a-)  h,  and  the  weight  of  earth, 
AF,  equals  2a^e.  Hence,  as  friction  and  cohesion  always  act  opposite 
to  the  incipient  motion,  or  vertically  upward  in  this  case, 
5/  +  4  a2  ^  =  2  a^  e. 

Evidently,  the  value  of  B,  derived  from  this  equation,  gives  an 
extreme  upper  limit,  which  is  doubtless  never  attained,  as  there  is 
nearly  always  some  support  from  the  earth  which  has  not  broken  out 
below  the  level  of  ABI. 

Where  the  sheeting  and  bracing  are  of  sufficient  size,  are  tightly 
keyed  up,  and  extend  to  the  bottom  of  the  trench,  or  where  the  bank 
is  supported  by  a  retaining  wall,  the  earth  near  the  bottom  cannot 
break  out,  and  the  equation  is  not  valid. 

However,  if,  from  any  cause,  sucli  as  insufficient  sheeting,  the 
break  has  taken  place  over  even  a  part  of  A I  BE,  the  mass,  AF,  above 
will  tend  to  tip  over  at  the  top,  giving  the  greatest  pre^ure  on  the  top 
braces.  This  appears  to  ex|)lain  tlic  pluMionicna  observed  by  Mr.  Meem 
and  others  in  connection  with  some  trenches. 

With  regard  to  tunnel  linings,  as  is  well  known,  the  vertical 
pressure  on  the  top  is  generally  small,  tlu;  groat  mass  of  earth  vertically 
over  the  tunnel  being  largely  held  up  by  the  friction  of  the  earth 
(caused  by  the  earth  thrust)  on  its  vertical  sides,  exactly  as  in  the  case 
of  tall  bins,  where  most  of  the  weight  of  the  grain  is  held  up  by  the 
sides  of  the  bin,  the  theorj'  being  very  similar  in  the  two  cases.  In 
consolidated  earth,  cohesion  assists  vei"y  materially  in  this  action. 

It  might  be  inferred,  from  the  facts  of  observation,  that  consoli- 
dated earth  acts  as  a  solid,  tliough,  of  course,  it  differs  from  a  solid 
in  this:  that  its  i)hysical  constants  (cohesion,  friction,  etc.)  vary 
enormously  with  the  degree  of  moisture.  It  is  likely  that  these 
constants  alter  with  the  depth,  and  likewise  are  subject  to  changes 
fmni  shocks. 


76  RETAINIXG  WALLS  AND  PRESSURES  ON  TUNNELS  [Papers. 

It  is  a  question  too,  whether,  as  is  the  case  with  loosely  granular 
materials,  friction  acts  (before  rupture)  at  the  same  time  with  shear 
or  cohesion  in  consolidated  earth.  From  the  interesting  remarks* 
of  Mansfield  Merriman,  M.  Am.  Soc.  C.  E.,  on  internal  friction, 
it  seems  probable  that  friction  and  shear  exist  at  the  same  time  in 
a  solid;  but,  to  reach  sound  conclusions,  as  he  states,  "further  studies 
on  internal  friction  and  on  internal  molecular  forces  are  absolutely 
necessary." 

From  the  present  state  of  our  knowledge  with  respect  to  the  theory 
and  physical  constants  pertaining  to  consolidated  earth,  it  would  seem 
that  experience  must  largely  be  the  guide  in  dealing  with  it.  The 
facts   are   supreme — the   rational    theory   may   come   later. 

Similarly,  for  retaining  walls  backed  by  loosely  aggregated,  granu- 
lar materials,  the  facts  are  supreme,  and,  on  that  account,  they  have 
been  presented  very  fully  in  this  paper;  further,  a  theory  has  been 
found  to  interpret  them  properly.  It  is  true  that  the  fresh  earth, 
from  the  time  that  it  is  deposited  behind  a  retaining  wall,  begins  to 
change  to  a  consolidated  earth,  from  the  action  of  rains,  the  com- 
pression due  to  gravity,  and  the  influence  of  those  cohesive  and  chemi- 
cal affinities  which  manufacture  solid  earths  and  clays  out  of  loosely 
aggregated  materials,  and  even  cause  the  backing  sometimes  to  shrink 
away  from  the  wall  intended  to  support  it;  but  it  is  plain  that  the 
wall  should  be  designed  for  the  greatest  thrust  that  can  come  on  it 
at  any  time,  and  this,  in  the  great  majority  of  cases,  will  occur 
when  the  earth  has  been  recently  deposited. 

The  cases  which  have  been  observed  where  the  bank  has  shrunk 
away  from  the  wall  and  afterward  ruptured  (after  saturation,  perhaps) 
are  too  few  in  number  to  warrant  including  in  a  general  scheme  of 
design,  even  supposing  that  a  rational  theory  existed  for  such  cases. 
A  few  remarks  on  the  theory  pertaining  to  the  design  of  retaining 
walls  may  not  be  inappropriate.  From  the  discussion  of  all  the 
experiments  referred  to  in  this  paper,  the  conclusion  may  be  fairly 
drawn  that  the  sliding  wedge  theory,  involving  wall  friction,  is  a 
practical  one  for  granular  materials  of  any  kind  subjected  to  a  static 
load.  In  practical  design,  however,  vibration  due  to  a  moving  load 
has  to  be  allowed  for;  also  the  effect  of  heavy  rains.  Both  these 
influences  tend  generally  to  lower  the  coefficients  of  friction  and  add 
to  the  weight  of  the  filling.     Mr.  Baker  says: 

*  "  Mechanics  of  Materials,"  Tenth  Edition,  p.  38L 
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"Granite  blocks,  which  will  start  oii  nothing  flatter  than  1.4  to  1, 
will  continue  in  motion  on  an  incline  of  2.2  to  1,*  and,  for  similar 
reasons,  earthwork  will  assume  a  flatter  slope  and  exert  a  greater 
lateral  pressure  under  vibration  than  when  at  rest." 

Instances  of  slips  in  railway  cuttings,  caused  by  the  vibration  set 
up  by  passing  trains,  have  been  given  by  many  engineers.  The  effect 
of  vibration  is  most  pronounced  near  the  top  of  a  retaining  wall, 
and  is  evidently  gi'eater  for  a  low  wall  than  for  a  high  one.  All  the 
influences  cited  can  only  be  included  under  the  factor  of  safety,  and 
the  writer  recommends  for  walls  from  10  to  20  ft.  in  height  a  factor 
of  3.  This  may  be  increased  to  3.5  for  walls  G  ft.  high  and  decreased 
to  2.5  for  walls  50  ft.  high,  or  those  with  very  high  surcharges.  In 
the  application,  the  normal  component  of  the  earth  thrust  on  the 
wall,  E^,  will  alone  be  multiplied  by  the  factor,  the  friction,  Ej^  tan.  ^', 
exerted  downward  along  the  back  of  the  wall, 
being  unchanged.  This  allows  very  ma- 
terially for  a  decrease  in  <{>'  due  to  rains  and 
vibration,  as  well  as  for  an  increase  in  the 
thrust,  due  to  <f>  becoming  less. 

The  effect  is  illustrated  in  Fig.  15,  where 
a  retaining  wall  is  supposed  to  be  subjected  ^  ''^ 

to  the  earth  thrust,  CF,  making  an  angle  <f)'  Fig.  15. 

with  the  normal  to  the  face,  AC,  of  the  wall.  The  component  of 
CF  normal  to  AC  is  E^  ^=  CD,  the  component  acting  downward 
along  CA  is  represented  in  magnitude  and  direction  by  DF,  which 
equals  E^  tan.  <^'.  Sui)pose  the  factor  of  safety  to  be  3,  then  CD  is 
extended  to  //,  making  CII  =  3CD ;  11 G  is  drawn  equal  and  parallel 
to  DF;  whence  GC  will  represent  the  thrust,  which,  combined  with 
the  weight  of  the  wall,  acting  through  its  center  of  gravity,  must  pass 
through  the  outer  toe  of  the  wall. 

To  see  what  thickness  of  a  vertical  rectangular  wall  corresponds 
to  this  factor  of  safety,  3,  for  </,  =  (/>'  =  33°  41',  or  a  natural  slope 
of  3  base  to  2  rise,  let  it  be  assumed  that  the  weights  per  cubic 
foot  of  earth  and  cut-stone  masonry  in  mortar  are  in  the  ratio  of  2:3; 
then,  for  level-topped  earth,  a  computation  shows  that,  for  the  factor. 
3,  the  base  of  the  wall  must  be  0.34  h.  If  the  earth  slopes  indefinitely 
at  the  angle  of  repose  from  the  top  of  the  back  of  the  wall,  and  a 
factor  2.5  is  used,  then  the  thickness  will  be  0.49  h. 
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*  Perhaps  this  may  be  accounted  for  by  supposinR  cohesion  between  the  blocks  at  rest, 
which  is  destroyed  by  the  motion,  when  only  friction  acts. 
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For   brick    masonry    in    mortar,    the    specific    weight   of    which    is 

_  of  that  of  the  filling-,  the  foregoing  thickness  would  be  changed 
4 

to  0.37  h  and  0.52  /;,  respectively,  /;  being  equal  to  the  height  of  the 
wall. 

It  must  be  noted  especially,  however,  that  if  the  orig-inal  earth 
thrust,  when  combined  as  usual  with  the  weight  of  wall,  gives  a 
resultant  which  passes  outside  of  the  middle  third  of  the  base  of 
the  wall  as  computed  above,  then  the  thickness  must  be  increased, 
so  that  the  resultant  will  at  least  pass  through  the  outer  middle- 
third  limit.  This  ensures  compression  over  the  whole  base  and 
no  opening-  of  part  of  the  joint  under  normal  conditions.  With  regard 
to  the  thickness  above  of  about  one-third  of  the  height,  Mr.  Baker 
states  that  hundreds  of  brick  revetments  have  been  built  by  the  Royal 
Engineer  officers,  with  a  thickness  of  only  0.32  h  for  a  vertical  wall, 
lie  advises,  as  the  result  of  his  own  extensive  experience,  that  the 
thickness  be  made  one-third  of  the  height  for  level-topped  earth  of 
average  character,  and  that  the  wall  be  battered  IJ  in.  to  the  foot, 
lie  states,  further,  that,  under  no  ordinary  conditions  of  surcharge 
on  heavy  backing  is  it  necessary  to  make  the  thickness  of  a  retain- 
ing wall  on  a  solid  foundation  more  than  one-half  the  height.  The 
thicknesses  computed  above  agree  fairly  well  with  those  recommended 
by  Mr.  Baker,  and  it  would  seem  that  a  table  of  thicknesses  computed 
on  the  above  basis  should  correspond  to  safe  walls  under  ordinary 
conditions. 

It  has  been  noted  above  that  Equation  (1),  corresponding  to  a 
slope  of  indefinite  extent,  probably  gives  too  great  a  thrust;  besides, 
there  are  no  embankments  with  such  a  slopc^.  An  embankment  from 
100  to  150  ft.  high,  su])poi'ted  by  a  low  wall,  may  apjiroximate  the 
conditions  assumed,  but,  before  it  is  finished,  the  earth  has  consoli- 
dated to  such  an  extent  that  the  actual  thrust  is  doubtless  much  less 
than  the  computed  one.  The  truth  is  that,  in  nearly  all  back-filling 
of  ordinary  earth,  the  cohesive  and  chemical  affinities  commence  their 
work  very  soon  after  the  filling  is  deposited,  and  consolidation  is 
gradually  effected ;  so  that,  as  has  been  stated,  the  actual  thrust  is 
often  much  less  than  is  estimated  in  the  design  of  the  wall,  where 
cohesive  forces  are  neglected.  In  many  old  walls,  as  has  been 
observed,  the  consolidation  has  gone  so  far  that  the  backing  has 
sliriink  away  from  the  wall  altogether.     It  would  be  hazardous,  though. 
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to  allow  for  cohesion,  in  a  wall  backed  by  fresh  earth,  unless  the  sur- 
charge was  high  and  was  a  long  time  in  building.  Finally,  it  should 
be  observed,  that  the  footing  of  a  retaining  wall  should  be  wide, 
and  should  always  be  tilted  at  such  an  angle  that  sliding  is  impossible. 

A  glance  at  Figs.  4,  5,  and  6,  will  make  it  apparent  that  the 
Kankine  and  other  theories  differ  in  their  results  mainly  because  of 
the  assumed  difference  of  inclination  of  the  earth  thrust.  In  the 
design  of  walls,  however,  the  method  proposed  (Fig.  15)  will  approxi- 
mate in  residts  those  given  by  the  Hankine  theory,  where,  say,  the 
earth  thrust,  whether  inclined  or  not,  is  multiplied  bj'  the  factor 
of  safety-.  The  writer  docs  not  advocate  the  middle-third  limit  method 
in  design,  as  it  gives  variable  factors  of  safety  for  different  types 
of  w-alls.  Besides  if  the  actual  resultant  on  the  base  passes  one- 
third  of  its  width  from  the  outer  toe,  there  is  no  pressure  at  the 
inner  toe,  and  the  unit  pressure  at  the  outer  toe  is  double  the 
average.  If  vibration  or  other  cause  increases  the  thrust,  the  joint 
at  the  inner  toe  opens,  and  the  pressure  is  concentrated  too  much 
near  the  outer  toe.  In  the  reinforced  concrete  wall,  the  earth  thrust 
on  a  vertical  plane  through  the  inner  toe  is  required.  As  this  plane 
lies  well  within  the  earth  mass,  the  thrust  on  it  must  be  taken  as 
acting  parallel  to  the  top  slope,  and  its  amount  will  be  the  same  as 
that  given  by  the  Rankine  theory. 

Although  it  is  highly  desirable  to  have  more  precise  experiments 
on  large  models  in  order  to  draw  sure  conclusions,  yet,  as  far  as  the 
experiments  go — those  which  have  been  analyzed  and  discussed  in 
this  paper — the  following  conclusions  may  be  stated : 

1. — When  wall  friction  and  cohesion  are  included,  the  sliding- 
wedge  theory  is  a  reliable  one,  when  the  filling  is  a  loosely  aggregated 
granular  material,  for  any  height  of  wall. 

2. — For  experimental  walls,  from  6  to  10  ft.  high,  and  greater, 
backed  by  sand  or  any  granular  material  iiossessing  little  cohesion,  the 
influence  of  cohesion  can  be  neglected  in  the  analysis.  Hence,  further 
experiments  should  be  made  only  on  walls  at  least  6  ft.,  and  pre- 
ferably 10  ft.,  high. 

8. — The  nnni.v  experiments  that  have  been  made  on  retaining 
boards  less  than  1  ft.  high,  have  been  analyzed  b.y  their  authors  on 
the  supposition  that  cohesion  could  be  neglected.  This  hypothesis  is 
so   far   from   the  truth   that   the   deductions   are    very   misleading. 
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^. — As  it  is  difficult  to  ascertain  accurately  the  coefficient  of  cohe- 
sion, and  as  it  varies  with  the  amount  of  moisture  in  the  material, 
small  models  should  be  discarded  altogether  in  future  experiments, 
and  attention  should  be  confined  to  large  ones.  Such  walls  should  be 
made  as  light,  and  with  as  wide  a  base,  as  possible.  A  triangular 
frame  of  wood  on  an  unyielding  foundation  seems  to  meet  the  condi- 
tions for  precise  measurements. 

5. — The  sliding-wedge  theory,  omitting  cohesion  but  including 
wall  friction,  is  a  good  practical  one  for  the  design  of  retaining  walls 
backed  by  fresh  earth,  when  a  proper  factor  of  safety  is  used. 

As  the  subject  of  pressiires  on  the  roof  and  sides  of  a  tunnel 
lining  has  received  much  attention  of  late,  the  writer  has  concluded 
to  extend  this  paper,  so  as  to  give  a  development  of  a  theory,  based 
on  the  grain-bin  theory  of  Janssen,  but  modified  to  include  the  cohe- 
sive or  shearing  resistances  of  the  earth  in  addition  e  F 
to  the  frictional  resistances. 

Fig.  16  is  a  vertical  transverse  section  of  a 
tunnel,  ABCD,  and  the  earth,  DOPE,  extending 
over  it  li  feet.  If  this  tunnel  has  been  driven  by ' 
the  use  of  a  shield  or  poling  boards,  the  ground 
will  tend  to  settle  over  it,  and  part  of  the  weight 
of  DCFE  will  be  sustained  by  cohesion  and  fric- 
tion (resulting  from  the  lateral  thrust)  exerted  A  B 
along  the  sides,  vertically  upward.  The  earth  will  ^^-  im- 
probably arch  itself,  or  form  a  series  of  domes  superposed  one  upon 
the  other,  but  the  external  forces  acting  on  such  domes  will  be  the  same 
as  those  acting  on  a  corresponding  horizontal  lamina,  and  the  theory, 
given  in  full  in  the  Appendix,  begins  with  the  considerations  pertain- 
ing to  the  equilibrium  of  such  a  lamina. 

If  there  was  no  settlement  of  the  earth,  DCFE,  in  relation  to 
DC,  then  the  vertical  pressure  per  square  foot  on  DC  would  be  w  h 
(w  being  the  weight  of  a  cubic  foot  of  the  earth  in  pounds),  but, 
as  most  of  the  weight  of  DCFE  is  carried  by  the  sides,  in  case  of 
sufficient  settlement,  the  vertical  unit  pressure,  V,  on  DC,  will  be 
much  less  than  w  h.  Also,  the  lateral  unit  pressure,  L,  at  the  level, 
DC,  will  be  much  less  where  settlement  occurs.  From  the  equations 
for  V  and  L,  given  in  the  Appendix,  the  diagrams.  Figs.  17  and  18, 
have  been  constructed. 
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111  both  diagrams,  the  weight  of  the  earth  was  taken  at  u;  =  90  lb. 
per  cu.  ft.,  and  the  cohesion  of  the  earth  at  c  =  100  lb.  per  sq.  ft.  In 
Fig.  17,  <f)  =  45°  and  the  curves  for  V  and  L  were  laid  off  for  a  width 
of  tunnel,  h,  of  15  ft.  and  also  for  30  ft.  In  Fig.  18,  <f>  =  30°,  and 
curves  are  given  for  V  and  L,  also  for  h  =  15  ft.  and  30  ft.  for  various 
heights,  h. 

It  will  be  perceived,  in  both  figures,  that  when  certain  heights 
are  attained,  both  V  and  L  cease  to  increase  perceptibly,  so  that  such 
values  may  be  taken  as  corresponding  to  h  indefinitely  large. 
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pressure,  in  thousands  of  pounds  per  square  foot . 

Fig.  18. 


A  simple  way  of  deriving  these  extreme  values  is  given  in  the 
Appendix.  The  values  of  cf),  h  and  w  have  been  taken  here  the  same 
as  those  used  by  Mr.  Meem,  in  framing  his  table  of  pressures,*  which 
may  be  supposed  to  embody,  in  part,  practical  experience.  The  results 
found  from  Figs.  17  and  18  by  the  writer,  for  a  depth  of  covering  of 
several  hundred  feet,  are  uniformly  much  larger  than  those  given  by 
Mr.  Meem.  Are  they  too  large  for  safety?  In  answering  this  ques- 
tion, it  must  be  remembered  that,  of  the  weight  of  earth  directly  over 
the  tunnel,  all  has  been  transferred  to  the  sides  that  it  was  possible 
to  transfer,  for  the  coefficients  of  friction  and  cohesion  given.  We 
know  scarcely  anything  of  the  cohesion  coefficients,  so  that  the  value 
assumed,  c  =  100  lb.  per  sq.  ft.,  may  not  be  near  the  truth.  Certainly 
it  must  appear  plain  from  this  discussion  that  the  values  of  c  and  <f> 
must  be  better  known,  for  all  kinds  of  earth,  before  reliable  results 
can  be  attained.  The  results  are  submitted  for  discussion,  in  the 
hope  that  engineers  will  give  their  experience  relative  to  the  pressures 

♦  Tramactions,  Am.  Soc.  C.  E.,  Vol.  LXX,  p.  387. 
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realized  in  the  tiiiihcring-  of  tunnels,  iiarticularly  through  sand  or 
earth  not  thoroughly  consolidated. 

The  value  of  V,  in  Figs.  17  and  18,  is  the  average  vertical  unit 
pressure  at  the  top  of  the  tunnel.  Experiments  on  grain  bins  lead 
to  the  inference  that  the  pressure  at  the  middle  of  the  roof  is  greater 
than  that  at  the  sides,  but  no  law  of  variation  can  be  stated. 

The  lateral  unit  pressure  on  the  vertical  sides  of  the  tunnel  lining 
at  the  top  is  given  by  the  equation  for  L,  or  by  the  corresponding 
diagram.  The  variation  in  this  lateral  pressure  over  the  sides  of 
the  tunnel  cannot  be  easily  formulated,  as  so  much  of  the  weight  of 
the  earth,  directly  over  the  tunnel,  has  been  transferred  by  a  kind  of 
arch  action  to  the  sides.    Experience  would  better  speak  here. 

Table  5  gives  the  values  of  V  and  L  for  /i  =  40  ft.  The  figures 
in  Columns  M  are  taken  from  Mr.  Meem's  table,  previously  referred 
to;  those  for  Columns  C  are  from  the  diagrams,  Eigs.  lY  and  18. 

In  quoting  Mr.  Meem's  figures,  the  writer  must  not  be  understood  as 
endorsing  in  any  way  his  theory;  but  the  results  are  of  interest  as 
embodying  the  conclusions  of  a  practical  engineer  of  large  experience. 

TABLE    5. 


F,   IN  POUNDS  PER  SQUARE 

L,    IN  POUNDS  PER  SQUARE 

FOOT. 

FOOT. 

b,  in  feet. 

>!>. 

M. 

C. 

M. 

C. 

15 

45° 

1  485 

2  300 

405 

300 

15 

30° 

1035 

3100 

540 

600 

30 

45° 

3  240 

2  8(^0 

4.50 

400 

30 

30° 

2  335 

3  600 

450 

750 

If  the  height,  h,  of  earth  covering  is  200  or  300  ft.,  the  values 
given  by  Figs.  17  and  18  are  much  larger  than  those  given  in  Columns 
M,  which  presumably  represent  Mr.  Meem's  pressures  for  any  height 
greater  than  40  ft. 

In  saturated  earth,  it  has  been  customary,  jierhaps,  to  regard  the 
earth  as  if  it  were  gravel  composed  of  solid  spheres,  like  marbles, 
so  that  the  water  has  free  access  in  any  direction.  Thus,  in  the 
case  of  a  retaining  wall  backed  by  such  material,  the  water  has  full 
access  practically  to  every  part  of  the  wall,  and  the  wall  is  sub- 
jected to  the  full  water  pressure  corresponding  to  its  depth.  It  is 
likewise  subjected  to  a  thrust  from  the  earth,  corresponding  to  c  and 
(}>,  for  the  saturated  material,  but  with  a  weight  per  cubic  foot  equal 
to  that  of  the  earth  in  air  less  the  buoyant  effect  of  the  water.     Thus, 
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it"  a  cubic  foot  of  the  porous  earth,  in  air  weighed  90  Ih.,  and  if  the 
voids  were  40%,  then  1  cu.  ft,  of  earth  contains  0.6  cu.  ft,  of  solids 
and  the  buoyant  effect  of  the  water  is  the  weight  of  an  equal  volume 
of  water  or  0.6  X  62,5  =  37.5  Ih,  Hence,  the  weight  per  cubic  foot 
of  earth  in  water  is  90  —  37.5  =  52.5  lb. 

Similarly,  for  the  pressures,  V  and  L.  al  the  top  of  a  tunnel, 
to  =  00  must  be  replaced  by  52.5,  and  c  and  <^  must  be  found  for  the 
saturated  material  and  these  values  substituted  in  Equations  (5)  and 
(6)  of  the  Appendix,  To  these  pressures  must  be  added  the  cor- 
responding water  pressures  for  the  full  height  of  water,  supposing  it 
to  have  free  communication  everywhere,  as  in  the  case  of  the  gravel 
filling.  However,  wath  sand,  or  earth  with  much  fine  material,  the 
pores  are  more  or  less  clogged  up  and  there  is  perhaps  intimate  con- 
tact of  a  part  of  the  earth  with  the  roof  of  the  tunnel,  so  that  the 
water  cannot  get  under  it  to  produce  a  lifting  effect,  and  if  such 
intimate  contact  is  found  along  any  horizontal  or  vertical  section, 
of  the  earth  on  either  side  of  the  section,  it  is  plain  that  tlie  buoyant 
effort  of  the  water  on  a  cubic  foot  of  material  will  be  much  diminished. 

Mr.  Meem  deserves  gi*eat  credit,  not  only  for  calling  attention 
to  this,  but  especially  for  performing  certain  experiments  to  prove 
it,*  The  experiments  were  on  sand,  and  only  on  a  small  scale, 
but  the  practical  conclusion  drawn  from  them  is  that  the  water  pres- 
sure transmitted  through  sand  having  40%  voids  is  diminished  about 
40%  in  intensity.  This  occurs  for  a  depth  of  oidy  a  few  inches 
of  sand,  and  presumably  the  diminution  would  be  greater  for  sand 
several  feet  in  depth.  Of  course,  before  definite  values  can  be  stated, 
exiieriments  on  a  large  scale  should  be  made  on  every  kind  of  material 
usually  met;  but,  as  a  numerical  illustration  of  the  application,  for 
the  diminution  mentioned — which  is  assumed  to  extend  through  the 
mass — it  is  seen  that,  in  the  examples  of  the  retaining  wall  and  also 
the  tunnel,  the  weight  per  cubic  foot  of  the  earth  in  water  must  now 
be  taken  at  90  —  (0,4  X  0.6  X  62,5)  =  75  lb,  per  cu,  ft. 

This  value  replaces  the  tv  in  Equations  (5)  and  (6)  irom  wliicb 
the  V  and  L  for  the  top  of  the  tunnel  are  found.  To  these  values, 
add  0.4  X  62.5  /i„,  for  the  water  pressure,  where  the  surface  of  the 
water  extends  a  height,  /;„,  above  the  top  of  the  tunnel.  Similarly,  in 
the  case  of  the  retaining  wall,  add  0.4  of  the  full  water  thrust  on 
the  wall  to  that  given  by  the  earth,  weighing  only  75  lb.  per  cu.  ft. 


*  Transact  ions.  Am.  Soc.  C.  E..  Vol.  LXX.  pp.  36.>-368. 


84  RETAINING  WALLS  AND  PRESSURES  ON  TUNNELS  [Papers. 

As  a  numerical  illustration,  take  &  =  15  ft.,  <j)  =  45°,  w  in  air 
=  90  lb.,  h  =  40  ft.,  hf^  =  60  ft. ;  but  we  must  now  replace  w  by  the 
weight  in  water,  75  lb.,  as  found  above.  The  values  of  V  and  L  are 
now  found,  by  Equations  (5)  and  (6)  (Appendix),  to  be  1917  and 
246  lb.  per  sq.  ft.,  respectively,  for  the  saturated  earth  alone.  To  these 
values  add  0.4  X  62.5  X  60  =  1  500  lb.  per  sq.  ft.,  water  pressure, 
giving  a  total  of  3  417  and  1  746  lb.  per  sq.  ft.,  respectively,  for  the 
vertical  and  horizontal  unit  pressures  at  the  top  of  the  tunnel  lining. 

In  connection  with  this  subject  of  underground  pressures,  it  may 
not  be  inappi'opriate  to  make  some  concluding  remarks  on  the  maximum 
vertical  pressures  to  which  culverts  may  be  subjected. 

Let  Fig.  16  now  represent  a  longitudinal  vertical  section  along 
the  axis  of  a  road  embankment,  built  over  an  arch  culvert  or  box- 
drain,  ABCD,  the  line,  CD,  passing  through  the  summit  of  the  arch 
or  the  top  of  the  covering  stone  of  the  box-drain,  and  the  lines,  AD 
and  BC,  coinciding  in  part  with  the  exterior  sides  of  the  abutments. 

There  is  a  horizontal  thrust  of  the  earth  on  the  medial  plane, 
CDEF,  acting  at  right  angles  to  the  plane  of  the  paper,  which  tends  to 
distribute  the  weight  of  the  central  portion  partly  toward  the  sides; 
but,  ignoring  this,  it  is  seen  that,  if  the  earth  everywhere  settles  uni- 
formly, the  maximum  pressure  per  square  unit  at  the  top  of  the 
culvert  is  w  h,  and  the  total  vertical  pressure  on  the  culvert  is  the 
weight  of  the  earth  vertically  above  it. 

If,  however,  the  earth  outside  the  abutment  walls  settles  more  than 
the  walls  (a  case  which  may  occur),  then  part  of  its  weight,  and 
that  of  the  earth  vertically  above  it,  will  be  transferred,  through 
friction  and  cohesion,  along  the  planes,  AE  and  BF,  to  the  culvert, 
and  thus  the  vertical  pressure  on  the  top  of  the  culvert  will  be  greater 
than  in  the  first  supposed  case;  but,  if  the  reverse  obtains,  or  if  the 
culvert  settles  more  than  the  earth  outside  the  lines,  AD  and  BC,  or 
if  the  arch  or  covering  stone  descends  in  the  middle  relatively  to  the 
abutments,  then  part  of  the  weight  of  the  earth  vertically  over  the 
culvert  is  transferred  to  the  sides.  For  a  comparatively  rigid  arch, 
the  settlement  is  perhaps  not  enough  to  warrant  us  in  making  the 
maximum  unit  pressure  less  than  iv  h.  Exactly  what  settlement  would 
warrant  the  use  of  the  theory  set  forth  in  the  Appendix  it  is  im- 
possible to  say.  If  the  unit  pressure  is  taken  as  w  h,  we  can  rest 
assured  that  in  most  cases  the  real  pressure  is  materially  less. 
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APPENDIX 


In  the  experiments  of  Jamicson  and  Pleissner  on  the  pressures 
in  deep  grain  hins*,  the  ratio,  Ic,  of  the  lateral  unit  pressure,  L,  on 
a  vertical  plane  to  the  vertical  unit  pressure,  V,  on  a  horizontal 
plane,  was  found  by  Pleissner  to  vary  from  0.3  to  0.5  and  by  Jamieson 
to  equal  0.6,  for  wheat  in  wooden  bins  of  various  sizes. 

This   ratio,  k  ^  -— r,    increases    somewhat   with   the    depth    of   the 

grain,  but  the  increase  is  slight  after  a  depth  of  from  2i  to  3  times 
the  width  or  diameter  of  the  bin  is  reached. 

It  is  recognized  that  the  proper  value  of  Ic,  for  a  particular  case, 
can  only  be  determined  properly  by  experiment,  but  it  is  interesting 
to  note  that,  by  the  theory  of  earth  pressure  of  an  unlimited  granular 
mass,  level  at  the  top,  the  ratio  of  the  lateral  to  the  vertical  unit 

pressure,  at  any  point  in  the  mass,  is,  k'  =  tan.^  (45° ^)  '  ^"^  i\\2it 

this  varies  from  0.361  to  0.406,  as  (/>,  the  angle  of  repose,  varies 
from  28°  to  35°,  the  values  of  <^  for  wheat,  given  in  some  of  the 
experiments.  Further,  by  reference  to  Jamieson's  experiments  on  a 
model  bin   of  smooth  steel,   1   ft.   in   diameter,!   filled  with  sand,   for 

which  0  =  34°,  k!  =  tQ.n}(Ab°—^\  =  0.283,  we  find  the  experi- 
mental value  of  fc  to  equal  ¥  exactly  for  a  height  of  sand  of  2.5  ft., 
the  value  at  6  ft.  and  upward  being  0.33. 

The  theory  of  bin  pressure  is  utterly  different  from  the  ordinary 
theory  of  earth  pressure  in  an  unlimited  granular  mass;  but  it  is 
seen  that  the  latter  may  be  of  some  use  in  furnishing  a  value  of  k 
when  experimental  values  are  lacking,  as  in  the  case  of  various 
kinds  of  earth,  both  granular  and  more  or  less  consolidated. 

An  equation  for  L,  for  an  unlimited  mass  of  earth,  level  at  the 

top  and  having  a  coefiicient  of  cohesion,  c,  has  been  given  by  Scheffler,:}: 

and  is  as  follows: 

„  /              d)  \               c  cos.  4>  ,^  ^ 

L  =  ioh  tan.2(45°  — -^  )  — ^--— 0) 

cos.^M5°  — —  j 

♦Given  in  detail  in  "The  Design  of  Walls.  Bins  and  Grain  Elevators."  by  Milo  S. 
Ketchum,  M.  Am.  Soc.  C.  E. 

t  Ketchum's  "Walls,  Bins,  and  Grain  Elevators,"'  Fip.  171. 

t  "  TraiU  cie  Stabilite  des  Construct  ions,"  p.  292;  see  also  Remark  at  end  of  Appendix. 
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Here  iv  =  weight  per  cubic  unit  of  earth, 

h  =  depth  below  the  level-topped,  unlimited  mass, 

L  =  unit  lateral  pressure  on  a  vertical  plane  at  the  depth,  h. 

This  reduces  to  the  usual  formula  when  c  =  0. 

It  is  seen  from  Fig.  19,  if  we  lay  off  at  the  depth,  h,  BC  =^  w  h  tan.^ 

/450 —     \      that   the    horizontal    ordinates    of    the    triangle,    ABC, 
measure    the    values    of    the    first    term    of    the    right    member    of 

C  COS.  (p 


Equation  (1).     The  second  term, 


represented  by  the  horizontal 
ordinates  of  the  rectangle, 
ABGF.  Thus  the  value  of 
L  at  the  depth,  h,  is  repre- 
sented by  BO  —  BG=  CG. 

At  D,  L  =  DE  —  DE 
=  0;  but,  above  D,  the 
equation  is  inapplicable,  for 
negative  values  of  L,  corre- 
sponding   to    tension    along 


cos.2(45°.— ^) 


,  is  constant,  and   is 


B 


G 
Fig.  19. 

AD,  are  inadmissible;  hence,  above  D,  we  must  write  L  =  0.* 
In  Equation  (1),  for  h  =  lif  --=  AD,  L  =  0, 

c  cos.  (p 


therefore,     0  =  ?«  ///  tan.^  ('45°  —     \ 


cos.'-^  (45°  —  M 


(2) 


Solving  this  for  h', 


c     2  cos.  (/> 


(3) 


w  1  —  sin.  (/) 

For  given  values  of  c,  iv,    and  c^,  having  computed  li',  we  have,  on 
subtracting  Equation  (2)  from  Equation  (1), 

L  =  w  (h  —  h!)  tan.2  A5°  —  ^\ (4) 

which  is  true  only  for  /i  =  It'  or  /t  >  h' .     When  h  <C  h' ,  L  =  0. 

If  we  put  2/  =    (h  ■ — ■  h'),  the  equation   reduces  to  the  ordinary 
form,  and  thus  the  center  of  pressure  of  the  thrust  on  AB   (or  DB) 

acts  at         ?/  above  B,  and  its  amount  is  — -  w  y-^  tan."^   (45°  —      )  . 

*  Scheffler  has  not  noted  this  fact,  and  consequently  some  of  his  deductions  are  open 
to  objections.    His  theory,  involving  cohesion,  is  the  only  one  the  writer  has  seen. 
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VA 
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Call     r,  the  vt'itical  unit  pressure  at  the  depth  /i, 

Y'^     ..  t.  .c  .1  u      u         u         /j,/^ 

therefore     V  =  w  /i  =  w  (y  +  /t'), 
V '  =  w  h' ; 

and,  i)utting  k  =  tan."  (45°  —      V  we  Iiave,  from  Ecjuation  (4), 

L  =  tc  (h  —  h')  tau.-  (^45°  —  I)  =  (F—  V)  k. 

Next  consider  the  case  of  a  tunnel  of  width,  h,  and  length,  I, 
whii'li  lias  been  driven  by  shield  or  l)y  use  of  timbering,  so  that  an 
appreciable  settlement  of  the  roof  occurs;  then  the  weight  of  the  earth 
vertically  over  the  tunnel  is  partly  ' 
carried  by  the  adjacent  walls  of 
earth,  by  friction  and  cohesion, 
and  it  would  seem  that  such  walls 
can  be  supposed  to  take  the  place 
of  vertical  grain  bin  walls,  and 
that  the  theory  of  bin  pressures 
corresponding  may  be  made  to 
apply.  The  theory  that  will  be 
developed,  which  includes  the  in- 
fluence of  cohesion,  is  simply  a 
modification  of  that  used  in 
developing  Janssen's  formula,  as 
given  by  Mr.  Ketchum,*  and,  for 
a  ready  comparison  of  results,  his  notation  will  be  used. 

In  Fig.  20,  let  h  be  the  distance  from  the  roof  of  the  tunnel  to 
the  surface  of  the  earth.  Compute  li  from  Equation  (3)  and  lay  it  off 
from  the  top  down. 

Let  V=  vortical  unit  pressure  at  depth,  y  +  /''; 

1,  =  lateral      "  "         '^       "  '' 

w  =  weight  of  earth  per  cubic  unit; 

0  =  angle  of  repose  of  earth; 

yu  =  tan.  (p  =  coefficient  of  friction  of  earth  on  eartli; 

A  =  b  I  =:  area  of  horizontal  section  of  tunnel; 

Z7  =;  2  (6  +  0  =  perimeter  of  section;  and 
c  =  cohesive  force  of  earth  per  square  unit. 
*  "The  Design  of  Walls,  Bins  and  Grain  Elevators,"  Chapter  XVF. 
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Fig. 20. 
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The  foregoing  equation,  L  =^  {V  —  y')  h  will  be  used  as  a  semi- 
empirical  formula  to  express  the  relation  between  L  and  V,  but  now 
V  is  no  longer  equal  to  w  (y  -\-  li)  but  at  present  is  unknown.  As 
before,  V  ^  w  h'. 

Properly,  h  should  be  determined  by  experiments,  but,  from  lack  of 
such  experiments,  it  will  be  computed  from  the  formula  above, 


k 


tan.2   Ub°  —  I")  . 


Consider  now  the  conditions  of  equilibrium  of  a  horizontal  slice  of 
earth  of  depth,  dy,  the  weight  of  which  is  Awdy. 

The  top  surface,  at  the  depth,  y  +  /^',  is  acted  on  by  the  force,  VA, 
acting  downward,  and  the  bottom  surface  by  the  force,  {Y  -{-  d  V)  A, 
acting  upward.  The  total  lateral  force  acting  on  the  area,  U  d  y,  is 
L  U  dy  and  this  causes  a  frictional  force  oi  L  TJ  jx  dy,  acting  upward. 
The  cohesive  or  shearing  resistance  on  the  area,  U  dy,  acts  upward, 
and  its  amount  is  U  dy  c.  Placing  the  sum  of  the  vertical  forces 
acting  on  the  slice  equal  to  zero. 

Y  A  +  Aw  dy—  iV  +  dV)  A~iLV  ij.+  U  c)  dy  =  0. 

In  reality,  an  arch  or  dome  of  the  earth  should  be  considered  in 
place  of  the  horizontal  stratum,  but  the  result  is  the  same,  because  the 
same  vertical  forces  act  in  either  case.  Simplifying  the  above  equation, 
and  dividing  by  A, 

cl  V=  [«^  —  (!>/<  +  c)    ^1  dy. 

Putting  J?  =  —r,  and  L  =  (  r  —  V  )  fc, 

dV  r  n   1 

-^  =,„_[(,,_  F')J.„+c]- 

k  u  V        c  —  V  k  jLi 
=  w  -  ^^ j^ =  w      n  V     q, 

k  ju             c  —  V  k  ju. 
on  placing,  n  =  ^-,  q  = 

—  ndV 

It  tollows  that,  — =  —  n.  dy 

xc  —  nV  — q 

therefore  log.  {id  —  yi  V  —  ?)  ^  —  n  y  -\-  C 
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Wheny  =  0,  F=  F', 

therefore  log.  (w  —  n  V  —  q)  =  C, 

10  —  n  V  —  q 

^°s- TT, — -  =  —  '>^y^ 

10  —  n  V    —  q 

w  —  71  V  —  q 
and 


w  —  n  V  —  q 
where  e  =  2.71828  .  ..  .,  the  Napierian  base. 
Solving  for   V, 

w  —  q 


V  = 


ri_e-«?/'j+  v 


n 
Substituting  the  values  of  n  and  q,  we  have, 


\Bn—  (c  —  F  k  M)     (l  — e       «  " )  +  V  e     a'  "...('.) 


A:  / 
in  which  it  must   be  remembered  that, 

2  c  cos.  0 


F'  =?/;  h'-  h'  = 


w  (1  ■ —  sin.  0) 
The  lateral  thrust  is  now  given  by, 

L  ^  (V—  V')k (6) 

To  get  the  pressures,  V  and  L,  at  the  top  of  the  tunnel,  replace 
y  by  {h  —  h'). 

The  weight  of  the  upper  stratum,  of  depth  h',  is  in  part  sustained 
by  the  cohesion  of  the  sides,  but  as  hf  is  generally  small,  this  cohesive 
force  can  be  neglected,  as  was  done  above. 

Equations  (5)  and  (6)  reduce  to  the  ordinary  bin  formulas  of 
Janssen,  when  jx  =  i/,  c  ^  0,  and  therefore  V  =  0,  /i'  =  0.  The 
modification  due  to  these  terms  is  generally  small,  unless  c  is  very 
large. 

—  k  u. 
y 

For  large  values  of  y,  e  ^  is  small,  and  as  y  increases  m- 
definitely,  F  approaches  as  a  limit  the  value 

r„  [«"-(' -'"*•">]■ 

This   expression   may    bo   derived   independently,    and   is   of   practical 
value  when   a  very  high  surcharge  is  considered. 

Keferring  to  Fig.  20,  it  is  evident  that  the  maximum  limit  of  F 
would  be  realized  if  the  weight  of  any  horizontal  lamina  is  entirely 
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held  up  by  the  friction   and  cohesion   of  the  sides;  for  then,  for  all 
lower  slices,  V  and  L  remain  the  same. 

Therefore  A  w  dy  =  (L  U  j.i  -\-  U  c)  dy 

Aw  =  (V—  V)  k  Um  +  Uc, 

therefore  r=  ,—  \ B  w  —  (c  —  V  k  /<)1, 
k  /i  L  J 

as  given  above. 

As  seen,  such  a  state  is  not  exactly  realized,  but  is  practically  true 
for  great  depths. 

For  a  long  tunnel,  the  perimeter  of  the  section,   U,  can  be  taken 
as  2  I,  vehence, 

h  I        h 

This  value  vs^as  used  in  all  the  computations. 

As  a  numerical  illustration  of  the  use  of  Equations  (5)   and   (6), 

suppose  a  tunnel,   h  =  15  ft.   wide,   and,  for  the  earth  covering  let 

cf)  =  46°;  therefore  [x  =  tan.   (^  =  1,  w  =  90  lb.  per  cu.   ft.,  and 

c  =  100  lb.  per  sq.  ft. 

h 
We  deduce  k  =  tan.''  (45°  —  22^°)  =  0.172,  E  =  ~-    =  7.5,  h'  = 

c  cos.  (p  ^^  ^^^  therefore  V  =  to  h'  =  486  lb.,  (c  —  V  k  /<)  = 


w  (1  —  sin.  <p) 
100  —  83  =  17. 

Equations   (5)   and   ((i)    readily  reduce  now  to 

F  =  3  830  (1  —  e  -  "-"^s  V)  +  486  e  -  "-^^^  2', 
L  =  (r_486)  X  0.172. 
These  formulas  give  the  vertical  and  horizontal  unit  pressures  at 
the  top   of   the  tvmnel  when, 

y  =  h  —  h'. 
In  computing  the  values  of  V  and  L  for  various  depths  of  earth  cov- 
ering,   hj    a    short   table   of    hyperbolic   logarithms    is    a   convenience. 
The  curves  given  by  the  equations   above   are  shown  on  Fig.   17. 

An  additional  note  with  respect  to  Equation  (1)  may  not  be  inap- 
propriate. Scheffler,  in  deriving  this  equation,  considered  the  condi- 
tions of  equilibriiim  of  an  infinitesimal  wedge  of  earth  at  the  depth, 
/t.  It  was  foimd  that  the  horizontal  pressure  at  the  depth,  /(',  given 
by  Equation  (3),  was  zero,  and  it  was  assumed  by  the  writer  that 
there  was  no  pressure  on  a  vertical  plane  for  a  less  depth.     Thus,  in 
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Fig.  21,  there  is  no  horizontal  pressure  on  the  plane,  DE,  where  DE 
=  10=^  h' ;  consequently,  the  weight  of  the  wedge,  EDB,  is  sup- 
ported entirely  by  the  normal  reaction  of  the  plane,  DB,  with  the 
cohesion  and  friction  acting  along  it.*  To  deduce  Q,  the  total  earth 
pressure  on  the  vertical  plane,  AC,,  it  is  then  admissible  to  treat  the 
prism,  AD  EG,  as  the  prism  of  rupture,  the  surface  of  rupture  con- 
sisting of  the  plane,  AD,  making  the  angle  <x  with  the  vertical  and 
the  plane,  DE.  Therefore  W,  the  weight  of  the  prism,  ADEC,  is  in 
equilibrium  with  Q,  N,  and  N  f  ~\~  K,  where  N  is  the  normal  reac- 
tion of  AD,  f  =  tan.  ^,  and  K  =  the  total  cohesion  on  AD  =  c  .  AD. 

On  balancing  components  parallel  and  perpendicular  to  the  plane, 
and  then  following  familiar  methods,  it  can  be  shown  that  the  true 


value  of  Q  corresponds  to  a  = 


Q=  ,^  {li^  —  h'-)  tan 


90  —  0 


,  and  that  this  value  is, 


■K:    ^) 


c  {h  —  /i')  COS.  (p 


Fig. 2L 


The  derivative  of  this,  with  respect 
to  h,  gives  the  intensity,  L,  at  the 
depth,  h,  exactly  the  same  as  Equa- 
tion (1),  and  the  subsequent  deduc- 
tions hold.  Thus  the  fundamental 
Equation  (1),  according  to  the  inter- 
pretation given,  is  seen  to  correspond 
to  a  prism  of  rupture,  ADEC,  which 
is  a  little  nearer  the  true  one,  having  a  curved  surface  of  rupture, 
than  the  wedge,  ABC. 

The  above  refers  to  the  pressure  on  a  vertical  plane  of  a  mass 
of  level-topped  earth  of  indefinite  extent;  but  suppose  that  AC  is 
the  back  of  a  retaining  wall,  and  that  a  slight  movement  downward  of 
the  prism  of  rupture  is  imminent;  then,  if  the  earth  along  the  plane, 

*  It  may  be  well  to  remark  here,  that  for  cohesive  earth,  it  has  been  proved,  both  the- 
oretically and  experimentally,  that  the  surface  of  rupture  is  curved,  and  not  a  plane,  as 
the  theory  assumes.  However,  assuming  it  to  be  a  plane,  and  considering  successive 
wedges  of  rupture  of  different  heights,  the  bases  of  which  lie  on  the  same  plane,  it  can  be 
easily  shown  that  certain  of  the  upper  wedges  can  be  sustained  by  cohesion  alime.  and  that 
the  coefficient  of  cohesion  required  for  stability  varies  from  (i  at  the  surface  to  its  max- 
imum value  at  a  certain  depth,  /i,.  Below  this"  depth,  friction  in  addition  to  cohesion  is 
exerted,  and  stability  is  assured  if  we  suppose  the  friction  coefficient  lo  increase  from  0  at 
/i  =  A,  to  its  maximiiin  value,  tan.  <j>.  at  some  depth,  h  —  h'.  Below  this  depth,  on  the  plane 
of  rupture,  the  maximum  values  of  both  coefficients  are  exerted.  Now,  the  ordinary  wedge 
theory  assumes,  for  simplicity,  that  these  coefficients  are  constant  all  along  the  plane  of 
rupture,  which  may  be  true  at  the  instant  of  rupture,  but  not  for  a  stable  mass.  It  is 
possible,  too,  that  rupture  may  be  progressive,  starting  at  the  bottom. 


92  RETAINING  WALLS  AND  PRESSURES  ON  TUNNELS  [Papers. 

DE,  can  exert  sufficient  tension,  the  mass,  ADEG,  in  descending, 
may  drag  down  the  wedge,  DEB,  with  it,  so  that  the  full  friction 
and  cohesion  along  DB  will  be  added  to  that  along  AD.  In  other 
words,  the  prism  of  rupture  must  now  be  taken  as  the  wedge,  ABC ; 
hence,  the  value  of  Q  corresponding  is  given  by  the  equation  above,  on 
making  h'  =  0,  as  this  introduces,  in  the  first  equations  for  equili- 
brium, the  fact  that  the  prism  of  rupture  is  now  the  wedge,  ABC. 

It  is  only  one  step  farther  to  find  the  greatest  height  at  which  the 
vertical  face  of  an  open  trench  will  stand  for  given  coefficients,  c 
and  f.  On  making  Q  =  0  in  the  equation  for  Q  above  when  h'  =  0, 
we  find,  after  reduction, 

4  c  cos.  4> 

h  = :; : , 

w  (1  —  sm.  (p) 

a  value  which  has  been  quoted  elsewhere  in  this  paper.  It  is  double 
the  value  for  Ji  given  by  Equation  (3).  The  reason  for  this,  though, 
is  now  evident;  for  the  last  equation  follows  as  a  consequence  of 
assuming  that  the  full  cohesive  and  frictional  resistances  along  DB 
were  exerted;  whereas  Equation  (1)  ignores  them. 
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NOTES  ON  THE  BAR  HARBORS 

AT  THE  ENTRANCES  TO   COOS  BAY, 

AND  UMPQUA  AND  SIUSLAW  RIVERS,  OREGON. 

Discussion.* 


By    Lewis    M.    Haupt,    M.    Am.    Soc.    C.    E. 


Lewis  M.  Haupt,  M.  Am.  Soc.  C.  E.  (by  letter). — In  this  interest-    Mr. 
ing  paper  Mr.  Tower  iias  added  some  material  facts  which  emphasize  ^''"P'- 
the  importance  of  a  thorough  consideration  of  all  the  forces  which  co- 
operate to  effect  changes  at  alluvial  inlets,  and  directs  attention  to  the 
influence  of  the  flood-tidal  currents  as  being  an  important  factor,  if 
not  the  main  one,  in  causing  troublesome  shoals. 

Lest  too  much  stress  be  unduly  laid  on  a  single  factor,  it  is  well 
to  note  that  the  literature  on  this  subject  is  prolix,  and  that  many 
physical  hydrographers  and  maritime  engineers  have  directed  specific 
attention  to  the  influence  of  tidal  currents  and  the  paths  which  they 
take  in  approaching  the  tidal  estuaries  or  any  breach  in  the  ocean 
littoral.  Rear-Admiral  Davis,  in  "The  Law  of  Deposit  of  the  Flood 
Tide :  Its  Dynamic  Action  and  Office,"!  Sir  John  Coode,  on  the  "Chesil 
Banks,"  and  Wheeler,  Mitchell,  llilgard,:}:  and  many  others  have 
definitely  directed  attention  to  this  factor,  and  the  discussions  are 
of  great  interest  to  the  profession,  because  so  much  is  involved  in  the 

*  This  discussion  (of  the  paper  by  Morton  L.  Tower,  M.  Am.  Soc.  C.'E.,  printed  in  Proceed- 
ings for  November,  1910,  and  presented  at  the  meetinp  of  December  21st,  1910),  is  printed  in 
Proceedings  in  order  that  the  views  expressed  may  be  brought  before  all  members  for 
further  discussion. 

t  Smithsonian  Contributions,  Vol.  Ill,  1851,  where  "  It  was  laid  down  as  a  fundamental 
principle,  that  the  deposits  on  the  ocean  border  are  only  made  by  the  current  of  th?  flood 
tide."  See  also  "Discussion  on  the  Dynamic  Action  of  the  Ocean  in  Building  Bars,"  by 
the  writer.  Am.  Phil.  Soc.  March,  1889. 

t  Smithsonian  Report.  1874,  p.  219.  Also  letter  to  the  writer.  May  20th,  1880,  stating  "You 
are  entirely  correct,  as  it  is  the  unceasing  activity  of  the  flood  that  produces  the  forms  so 
characteristic  of  harbor  entrances."    See  ante.  Am.  Phil.  Soc,  1889. 
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Mr.     cost  of  harbor  bar   improvements   and   their  maintenance  in   a  fixed 
"*"P*-  position. 

When  the  writer  was  stationed  on  the  Texas  Coast,  in  1869,  as  the 
United  States  Engineer  of  the  Fifth  Militaiy  District,  his  attention 
was  directed  to  the  dehiys  in  crossing  the  bars  and  the  necessity  of 
lightering  passengers  and  live  stock  off  shore.  This  led  him  to  devote 
his  attention  to  these  specific  problems,  with  the  result  that  he  designed 
a  system  whereby  a  part  of  one  jetty,  properly  placed,  might  control 
the  resultant  forces  in  such  manner  as  to  remove  the  bar  automatically 
and  create  a  self-maintaining  channel,  and  Congress  was  so  well  satis- 
fied with  the  merits  and  economies  of  this  device,  that  in  1902  a  test  of 
its  efficiency  was  ordered  to  be  made  at  Aransas  Pass,  Texas,  where  all 
previous  efforts  had  failed.  After  the  removal  of  the  former  obstacles, 
and  before  the  original  design  was  completed  in  its  entirety,  the  feeble 
14-in.  tide  had  scoured  out  the  channel  to  depths  of  from  20  ft.  to 
more  than  26  ft.,  the  original  depth  being  from  5  to  8  ft.,  without  any 
dredging  whatever.  This  work  was  designed  to  control  the  sand  driven 
on  the  bar  by  the  '"flood-component"  of  the  external  forces,  and  not 
primarily  to  concentrate  the  ebb,  as  was  the  prevailing  custom,  by  two 
jetties,  which  merely  prolong  the  slope,  increase  the  friction,  reduce 
the  tidal  ingress,  and  throttle  the  inlets  so  as  to  require  frequent 
dredging  to  create  and  maintain  the  channel. 

In  many  cases  the  jetty  may  be  detached  from  the  shore  and  be 
placed  so  as  merely  to  connect  the  deep  water  on  the  outer  and  inner 
slopes  of  the  bar.  It  should  lie  between  the  proposed  channel  and  the 
source  of  the  resultant  drift  and  be  concave  to  the  channel,  thus 
creating  a  reaction  which  will  effectually  prevent  the  deposit  of 
material  on  the  protected  portion  of  the  bar. 

The  author  calls  attention  to  the  danger  of  the  structure  being 
undermined  if  placed  too  near  the  channel,  but  at  Aransas  Pass  this 
has  been  prevented  by  a  suitable  apron  laid  along  the  toe  of  the  work, 
which  has  reduced  its  deterioration  to  only  about  2  per  cent. 

This  well-known  and  much-discussed  case  is  cited  as  furnishing 
the  best  evidence  of  the  importance  of  the  questions  raised  by  Mr. 
Tower,  and  as  emphasizing  the  great  economy  which  may  be  secured 
from  an  intelligent  application  of  the  available  resources  of  Nature, 
particularly  as  the  same  site,  subject  to  the  same  forces,  furnishes 
an  admirable  illustration  of  the  comparative  results  of  the  two  systems, 
both  before  and  after  the  reaction  jetty  was  partly  built.  The  previous 
work,  after  nearly  20  years,  and  at  a  cost  of  more  than  $500  000,  was 
abandoned  with  "insignificant  results." 

The  reaction  jetty,  only  partly  finished,  produced  immediate  scour, 
and  soon  after  the  removal  of  the  old,  obstructing  works,  cut  the  20-ft. 
channel  through,  without  advancing  the  bar,  at  a  less  cost  to  the 
Government    than    the    former    work;    and    when    it   was    decided    to 
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attempt  to  deepen  the  channel,  in  1907,  before  it  had  reached  a  condi-  Mr. 
tion  of  equilibrium,  by  closing  the  tidal  opening  and  building  a  second  '^^"P*^- 
jetty,  tlie  channel  shoaled  to  less  than  14  ft.  immediately.  In  conse- 
quence it  has  become  necessary  to  appropriate  more  than  $3  000  000 
in  the  effort  to  recover  the  depths  by  jetty  extensions,  dredging,  and 
other  works,  and  for  the  protection  of  the  adjacent  islands  from 
erosion. 

IFad  the  general  jn-inciplcs  of  the  utilization  of  the  littoral  forces 
and  tlie  control  of  the  bar-building  drift  been  duly  recognized  when 
the  South  Pass  was  being  opened,  the  late  James  B.  Eads,  M.  Am. 
Soc.  C.  E.,  is  reported  to  have  said  that  he  would  not  have  built  his 
west  jetty,  which  has  been  largely  buried  under  the  deposits  created  by 
that  on  the  east  bank. 

Incidentally,  the  closure  of  the  Cumberland  Sound,  which  required 
an  emergency  appropriation  of  $500  000  to  remove  a  portion  of  the 
south  jetty,  and  the  effort  to  open  a  channel  across  the  bar  south  of 
both  jetties,  might  have  been  avoided,  while  the  subsequent  building 
up  of  the  windward  or  north  jetty  at  its  outer  end  enabled  the  natural 
forces,  aided  by  dredging,  to  restore  a  fairly  good,  normal  channel. 

The  use  of  the  two  jetties  at  the  Southwest  Pass,  aided  by  constant 
dredging  and  the  extension  of  the  bar  far  beyond  the  ends  of  the 
work,  might  have  been  saved  by  the  judicious  application  of  the  same 
forces  which  had  created  an  excellent  channel  in  the  Pass  above  with 
depths  of  from  40  to  100  ft.,  in  a  channel  1  300  ft.  in  width,  without 
cost,  and  had  also  added  some  1.50  sq.  miles  of  rich,  fast  land  to  the 
territorv'  of  the  State  and  Nation  through  crevasses  now  being  closed. 

The  attempt  to  open  a  deep-water  harbor  at  Cold  Spring  Inlet, 
N.  J.,  by  two  jetties  about  TOO  ft.  apart  and  1  mile  long,  which  has 
resulted  in  a  channel  6  ft.  deep  at  mean  low  water,  at  a  cost  of  more 
than  $1  000  000,  might  have  been  saved.  Many  other  instances  of  the 
practical  application  of  the  general  principles  enunciated  in  the  paper 
might  be  cited,  but  these  few  should  suffice  to  point  the  moral  as  to 
the  great  possibilities  of  securing  better  results  at  less  cost  and 
without  artificial  aid,  by  a  recognition  of  the  fact  that  sand  is  heavier 
than  water,  that  the  breakers  are  the  most  potent  agencies  in  trans- 
porting it,  and  the  flood-tide  the  great  propelling  force,  while,  when 
once  deposited,  a  current  unaccompanied  by  breakers  is  impotent  to 
disturb  it  unless  a  reaction  or  eddy  is  set  up  by  some  resisting 
medium  adjusted  so  as  to  cause  erosion. 

Furthermore,  it  would  seem  to  be  pertinent  at  this  time  to  direct 
the  attention  of  Members  of  this  Society  to  the  paramount  importance 
of  giving  due  weight  to  these  dynamic  forces,  which  are  so  vital  in  the 
restoration  of  our  former  commercial  supremacy  by  re-opening  the 
channels  to  the  sea,  to  state  that  the  plan  now  proposed  for  the  creation 
and  maintenance  of  the  entrance  to  one  of  the  greatest  engineering 
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Mr.  enterprises  on  earth  does  not  seem  to  have  been  adapted  to  protect 
'^"^  '  the  channel  from  the  action  of  the  off-shore  forces.  These  must 
create  an  extensive  shoaling  directly  across  the  path  of  navigation,  and 
the  extensive  breakwaters  v^ill  not  prevent  but  rather  augment  it, 
requiring  constant  and  expensive  dredging  to  remove.  This  may  be 
avoided  in  the  first  instance  at  much  less  cost. 

Much  might  be  added  as  to  the  cyclic  movements  of  the  ebb  thalweg 
over  the  outer  bars  of  entrances  and  the  necessity  of  arresting  the 
forces  which  produce  them,  that  the  location  of  the  channel  may  be 
made  permanent;  but  the  whole  problem  has  been  presented  so  fully  in 
previous  discussions  in  the  Transactions  of  the  Society  and  elsewhere, 
that  it  will  suffice  to  refer  to  them  for  further  information. 
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CORPORATION  PROPERTY. 

Discussion.* 


By  Messrs.  Frkd  Lavis,  Charles  H.  Higgins,  S.  D.  Newton,  William 

V.  PoLLEYS,  C.  P.  Howard,  J.  E.  Willoughby,  Henry  C. 

Adams,  Carl  C.  Witt,  R.  A.  Thompson,  Charles 

H.  Ledlie,  and  William  G.  Raymond. 


Fred  Lavis,  M.  Am.  Soc.  C.  E. — The  author  states  that  his  paper  Mr. 
is  confined  to  "a  discussion  of  the  methods  which  should  be  used  in 
arriving'  at  a  correct  figure  of  cost  of  reproduction  and  depreciation," 
and  that  "it  does  not  take  up  questions  involving  the  propriety  of  those 
figures  when  reached."  Tn  so  far  as  this  is  concerned,  it  is  probably 
the  most  complete  compilation  of  the  available  information  on  this 
phase  of  the  subject  which  has  yet  appeared  in  print.  The  author 
"refuses  to  recognize  that  the  consideration  of  the  so-called  intangible 
values  has  any  place  in  a  physical  valuation."  As,  however,  there 
exists  such  a  widespread  feeling,  especially  among  those  interested  in 
railroads,  that  physical  valuations,  for  any  purpose  whatever,  are 
absolutely  useless,  because  these  intangible  values  are  not  or  cannot 
be  included,  it  does  not  seem  out  of  place  to  refer  to  this  phase  of 
the  subject  at  this  time,  and  more  especially  in  view  of  the  fact  that 
many  persons,  the  prominence  of  whose  position  entitles  them  to  con- 
sideration, have  taken  this  point  of  view  very  recently,  and  their 
remarks  have  received  considerable  publicity.  Not  more  than  two 
weeks  ago,  Judge  Lovett,  the  head  of  the  Harriman  System,  expressed 
the  opinion  that  the  theory  of  valuing  railroad  property  by  trying  to 

*Thl8  discussion  (of  the  paper  by  H^nry  Rarle  Rieps.  M.  Am.  Soc.  C.  E.,  printed  in 
Proceedings  for  November.  1910.  and  presented  at  the  meeting  of  .Tan nary  4tli,  1911 ).  is  printed 
in  Proceedings  in  order  that  the  views  expressed  may  be  brought  before  all  members  tor  fur- 
ther discussion. 


Mr. 
Lavis. 
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detorniiiie  the  cost  of  reproduction  was  utterly  impractical.  It  seems 
important,  therefore,  that  we,  as  engineers,  interested  in  having  the 
question  properly  understood,  should  be  careful,  in  referring  to  valua- 
tion, to  make  it  plain  that  other  features  besides  the  value  of  the 
physical  property  are  to  receive  due  consideration.  The  speaker,  there- 
fore, proposes  to  examine  some  of  the  arguments  advanced  by  the 
opponents  of  valuation  to  see  if  the  objections  most  generally  brought 
forward  are  insuperable. 

Some  critics  of  valuation  go  so  far  as  to  say  that  engineers  cannot 
make  a  close  valuation  of  even  the  purely  physical  property.  For 
instance,  Mr.  W.  H.  Williams,  Vice-President  of  the  Delaware  and 
Hudson  Company,  in  a  paper  on  this  svibject,*  states  that: 

"No  engineer  in  estimating  on  the  several  important  items  of  con- 
struction work  for  the  year  will  come  within  10  per  cent,  of  the  total 
aggregate  cost.  Many  of  the  more  important  items  are  frequently 
underestimated  25  to  50  per  cent." 

He  cites,  as  an  especially  good  illustration,  the  Panama  Canal,  the 
original  estimate  of  the  cost  of  which  was  $140  000  000,  though  the 
present  estimate  is  $300  000  000.  Almost  everyone  who  has  kept  in 
touch  with  that  subject  knows  why  the  Panama  Canal  has  cost  more 
than  the  original  estimates,  and  that  the  greater  cost  is  no  reflection 
on  the  judgment  of  the  engineers  who  made  such  estimates.  One 
cannot  always  foresee  what  changes  in  plans  may  be  made  before  con- 
struction is  completed,  and  would  hardly  expect  the  estimates  of  the 
cost  of  a  railroad  to  be  adequate  if  they  were  made  for  a  single-track 
road  and  a  double-track  was  built.  In  any  event,  there  is  a  vast 
difference  in  estimating  the  cost  of  an  engineering  work  already  com- 
pleted and  one  which  has  yet  to  be  started,  the  difference  being  largely 
in  favor  of  a  closer  estimate  of  the  completed  work. 

Limitations  are  often  placed  on  engineers,  in  connection  with  work 
they  do,  which  are  afterward  forgotten.  The  speaker  was  asked  not 
long  ago  to  prepare  a  report  in  connection  with  the  valuation  of  a 
large  railroad  property.  The  time  within  which  the  results  were 
required  was  very  limited,  and  the  methods  used  in  the  valuation 
necessarily  had  to  be  a  combination  of  the  inventory  method  and 
reliance,  in  a  great  many  matters,  on  the  judgment  of  those  making 
the  appraisal.  Undoubtedly  the  result  obtained  was  entirely  adequate 
for  the  purpose  for  which  it  was  required,  but  would  hardly  stand  if  an 
attempt  were  made  to  use  it  as  a  basis  for  an  argument  before  a  Court 
of  law  or  a  public  service  commission,  though  it  would  not  be  beyond 
tlie  range  of  the  experience  of  many  engineers,  to  have  a  matter  of  this 
kind  brought  forward  some  time  in  the  future  as  an  absolute  statement 
of  fact,  with  no  reference  to  the  way  in  which  the  work  was  done. 

*  Electric  Railway  Journal,  January  8th,  1910,  p.  76. 
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It  is  inevituhlc.  of  coiirso,  that  onji'ineers  will  differ  in  their  opinions  Mr. 
as  to  some  details  of  methods  of  making  an  inventoiy  of  the  property  '-'"'''^• 
of  a  railroad  or  other  public  service  corporation,  and  also  as  to  exactly 
what  unit  prices  should  be  applied,  but  in  general  it  is  safe  to  say 
that  any  engineer  of  proper  experience  and  training  can  make  a  satis- 
factory appraisal  of  the  value  of  the  physical  property  of  a  railroad, 
and  that  if  two  or  more  such  competent  fair-minded  engineers, 
unhampered  by  any  consideration  of  the  purpose  for  which  it  is  to  be 
made,  should  make  such  an  appraisal,  the  variation  in  the  result  would 
be  so  small  as  to  be  negligible.  The  speaker,  however,  does  not  entirely 
agree  with  the  author,  that  the  purpose  for  which  the  appraisal  is 
to  be  used,  should  be  entirely  ignored  by  those  who  are  making  it. 
There  can  be  little  doubt  as  to  the  propriety  of  using  a  properly  made 
physical  valuation  as  a  basis  for  taxation,  or  as  information  for  the 
owners,  although  there  may  be  some  as  to  the  methods  whereby  the 
so-called  intangible  values  are  to  be  determined  in  these  cases,  or  even 
whether  they  should  be  considered  at  all.  The  greatest  difference  of 
opinion  arises  when  an  attempt  is  made  to  regulate  the  issue  of  stocks 
and  bonds,  or  to  fix  the  rates  which  should  be  charged  for  transporta- 
tion, on  the  basis  of  a  physical  valuation. 

Arguments  for  and  against  rate  regulation  revolve  in  a  circle,  and, 
apparently,  there  is  no  starting  point  which  will  satisfy  every  one. 
The  Courts  have  ruled  that  the  railroads  are  entitled  to  such  rates  as 
will  enable  them  to  earn  a  fair  return  on  the  value  of  their  property; 
the  railroads  claim  that  the  only  way  to  determine  this  value  is  on 
the  basis  of  the  earning  capacity;  that  is,  one  side  claims  that  the 
rates  must  be  based  on  the  value  and  the  other  that  the  value  should 
be  based  on  the  rates.  It  is  evident,  however,  by  this  time  that  the 
railroads  must  submit  to  regulation,  therefore  a  way  must  be  found 
to  break  into  the  circle,  and  it  would  seem  to  be  incumbent  on  them 
to  direct  their  energies  along  lines  which  will  tend  to  make  such 
regulation  fair  and  just  rather  than  to  oppose  it  entirely.  There  is 
little  claim  that  unduly  large  dividends  are  paid,  but  there  is  a  feeling 
in  the  mind  of  the  i)ublic  that  the  railroads  arc  over-capitalized.  Is 
it  not  possible,  therefore,  to  break  into  the  circle  at  this  point,  and 
decide,  by  means  of  a  proper  valuation,  as  to  the  fairness  or  otherwise 
of  the  capitalization?  The  objection  to  this,  on  the  part  of  the  rail- 
roads, is  that  the  value  of  the  purely  ])hysical  elements  is  by  no 
means  the  whole  value  of  their  property,  but  that  something  should 
be  added  for  the  so-called  intangible  values. 

To  emphasize  the  difficulties  of  appraising  the  intangible  values  in 
any  way  which  will  permit  the  application  of  such  value  to  the 
determination  of  rates  for  transportation,  the  opponents  of  physical 
valuation  cite  what  is  now  the  familiar  instance  of  two  mythical  roads 
between   the   same   termini,    the   first   with   good   alignment   and    easy 
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Mr.  grades  following  a  valley,  and  the  second  forced  into  the  mountains, 
^^'^'  having  not  only  heavier  grades  and  more  curvature  with  consequently 
a  higher  cost  of  operation,  but  also  more  expensive  construction.  The 
value  of  the  purely  physical  features  of  the  former,  of  course,  would 
be  much  less  than  those  of  the  latter,  but  its  actual  value  as  a  property 
would  be  greater.  How  then  should  the  rates  on  the  two  roads  be 
fixed?  The  fallacy  of  using  this  example  as  an  argument  against 
physical  valuation  as  a  basis  for  rate-making  is  in  assuming  that  there 
would  be  two  railroads  built  under  such  circumstances,  with  no  other 
features  than  the  two  termini  and  the  line  between. 

One  has  only  to  call  to  mind  such  examples  of  competing  lines  as 
those  of  the  Denver  and  Rio  Grande  between  Denver  and  Salt  Lake, 
the  Union  Pacific  between  Cheyenne  and  Ogden,  the  Lackawanna  and 
New  York  Central  between  New  York  and  Buffalo,  or  many  others, 
to  realize  that  there  are,  on  all  roads  of  this  nature,  many  other 
factors  than  the  actual  cost  of  operating  through  trains  between  the 
termini,  which  determine  the  through  rates. 

One  would  hardly  suppose  that  at  this  late  date  any  one  believes 
that  it  is  proposed  to  use  only  the  value  of  the  purely  physical  property 
of  railroads  as  a  basis  for  rate  regulation,  yet  the  New  York  Sun,  a 
paper  of  national  prominence  and  usually  most  ably  edited,  devoted 
a  column  of  its  editorial  page*  to  a  discussion  intended  to  show  that 
rate  regulation,  based  on  physical  valuation  alone,  was  an  impossibility. 
In  addition  to  citing  the  example  given  above,  the  following  is  put 
forward  as  the  reductio  ad  ahsurdum  of  the  argument  for  rate  regula- 
tion based  on  physical  valuation.     It  is  said: 

"Suppose  there  are  two  bridges  over  the  Ohio,  the  cost  of  the  con- 
struction of  each  being  the  same,  one  between  Cincinnati  and  Newport 
and  the  other  twenty  miles  below  where  there  is  nothing  but  a  village 
on  either  shore.  *  *  *  On  what  basis  would  the  proponents  of 
physical  valuation,  as  the  determining  value  in  rate  making,  adjust  a 
toll  charge  on  these  respective  bridges?" 

The  example  is  far-fetched,  and  in  no  way  applicable  to  the  ques- 
tion of  the  adjustment  of  rates  on  railroads,  but  inasmuch  as  it  is 
seriously  put  forward  from  a  responsible  source,  it  seems  worth  while 
to  consider  it. 

Assuming,  as  apparently  the  propounder  does,  that  the  proposition 
is  uncomplicated  by  any  questions  of  franchises,  public  rights  in  the 
land  on  which  the  bridge  and  its  approaches  are  built,  etc.,  then  there 
is  no  question  but  that  the  owners  of  either  bridge  have  a  perfect  right 
to  charge  what  toll  they  please.  On  the  other  hand,  suppose  the  per- 
mission of  the  War  Department,  or  some  other  governing  body,  had  to 
be  ODtained  in  order  to  build  piers  in  the  river,  or  even  to  build  the 
bridge  at  all;  the  argument  used  in  asking  for  this  permission  is  that 

*  December  4th,  1910. 
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the  bridge  is  needed  as  a  i)ublif  convenience;  or  it  is  desired  to  occupy  Mr. 
certain  streets  for  the  api)ro:ic'lios,  again  is  used  the  argument  of  public 
convenience,  and  so  on.  These  privileges  are  granted  on  the  tacit 
understanding,  at  least,  that  the  public  convenience  is  to  be  served, 
and  the  Courts  rule  that,  in  such  cases,  in  consideration  of  the  equity 
which  the  public  has  in  the  property  by  reason  of  the  rights  granted,  a 
fair  return  on  the  value  of  the  property,  but  no  more,  should  be  the 
basis  for  establishing  the  rates  of  toll.  Would  the  Sun  claim  that  the 
value  of  the  rights  and  franchises  given  by  the  public  in  such  a  case, 
be  included  in  the  value  of  these  bridges,  and  that  a  higher  total 
income  should  be  derived  from  one  bridge  than  the  other  because  the 
value  of  the  streets  on  which  the  approaches  had  been  built  is  greater 
in  one  case  than  the  other;  or  that  a  greater  income  should  be  derived 
in  one  case  than  another  because  the  cities  furnish  more  people  than 
the  villages?  Is  there  any  particular  reason,  except  for  the  slightly 
larger  depreciation  and  cost  of  maintenance,  and,  bearing  in  mind  the 
fact  that  both  bridges  cost  the  same,  why,  if  there  is  ten  times  the 
traffic  on  one  bridge  than  on  the  other,  the  toll  should  not  be  propor- 
tioned accordingly,  to  provide  the  same  income  on  each? 

If  the  Sun  had  imagined  a  bridge  built  by  private  individuals  with 
their  own  money,  between  two  villages,  the  inhabitants  of  which,  at 
the  time  the  bridge  was  built  having  been  willing  to  grant  almost 
any  franchises  or  privileges  in  order  to  get  the  bridge,  the  villages  in 
course  of  time  growing  to  large  cities,  and  the  old  bridge  having  been 
replaced  by  a  heavier  modem  structure,  the  example  might  have  been 
more  nearly  comparable  to  the  railroad  situation.  In  this  case,  the 
original  toll,  of  say  10  cents  a  head,  may  have,  in  the  early  days,  only 
barely  returned  a  meager  rate  of  interest  on  the  investment,  or  even  for 
some  years  resulted  in  a  deficit.  Would  the  Sun  uphold  the  owners  of 
the  bridge  if,  since  the  villages  have  grown  to  cities,  they  still  insisted 
on  collecting  the  original  toll,  if  it  could  be  shown  that  a  new  bridge 
could  be  built  and  would  be  a  paying  investment  with  a  toll  of,  say, 
2  cents,  except  for  the  fact  that  the  original  bridge  was  built  in  the 
only  location  where  it  was  practical  to  build  a  bridge  at  all?  Or  is  it 
reasonable  to  say  that  the  foresight  and  energy  of  the  owners  of  the 
bridge,  even  though  it  may  have  been  one  of  the  principal  factors  in 
enabling  the  villages  to  grow  into  cities,  entitles  them  to  capitalize 
their  enterprise  on  the  basis  of  a  10-cent  toll?  It  cannot  be  denied 
that  the  energy  and  foresight  of  the  original  builders  should  be 
recognized  in  fixing  the  rate  of  toll,  but  there  is  a  limit  to  the  value 
of  this,  and  it  is  because  of  the  feeling  on  the  part  of  the  general 
public  that  the  capitalization  of  similar  intangible  values  on  the  part  of 
the  railroads  and  other  public  service  corporations  is  too^  large,  which, 
whether  true  or  not,  has  caused  the  present  agitation  against  them.  If 
the  capitalization  is  reasonable,  there  must  be  some  way  to  demonstrate 
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Mr.    the  fact,  and  it  seems  as  if  a  properly  made  physical  valuation,  with 
*  due  allowance  for  the  intangible  values,  is  at  least  a  step  in  the  right 
direction. 

The  Sun  states  in  its  editorial  that: 

"The  scheme  of  physical  valuation,  as  a  basis  for  rate  making,  is 
flatly  rejected  as  unworkable  by  practically  all  the  ablest  railway  authori- 
ties of  the  country,  and  that  the  only  true  measure  of  value  is  the  earn- 
ing capacity.  To  quote  only  one,  namely :  Dr.  Emory  R.  Johnson, 
who  is  generally  regarded  as  an  authority  and  not  by  any  means 
predisposed  in  favor  of  the  public  as  against  the  railroads,  we  find  that 
he  states  in  his  'American  Railway  Transportation'  that  'The  earning 
capacity  of  the  railroad  cannot  be  equitably  or  logically  made  the  sole 
criterion  of  value,  because  the  rates,  and  hence  the  earnings,  should 
depend  to  some  extent,  at  least,  upon  the  amount  of  capital  justly 
entitled   to   profit.' " 

It  would  seem  to  be  self-evident  that  the  earnings  alone,  either 
gross  or  net,  are  not  necessarily  an  indication  of  the  value  of  the  road. 
Gross  earnings  are  not,  because,  if  a  minimum  proportion  of  them  is 
used  for  maintenance  and  betterment,  the  value  of  the  property  will 
steadily  decrease;  whereas,  if  the  opposite  policy  be  followed,  it  will 
increase.  On  the  same  principle,  the  net  earnings  offer  no  criterion  as 
to  the  manner  in  which  the  property  has  been  kept  up,  and  alone  are, 
therefore,  no  measure  of  its  true  value. 

As  an  example  of  the  arguments  used  by  some  of  the  opponents 
of  physical  valuation,  the  following  quotations  are  made  from  an 
article  by  Mr.  Henry  Fink,  Chairman  of  the  Board  of  the  Norfolk 
and  Western  Railway.*  Referring  to  the  fluctuation  in  the  costs  of 
construction,  he  says: 

"As  the  cost  of  materials  and  labor  fluctuates  *  *  *  it  follows 
that  what  may  be  a  fair  valuation  of  a  railroad  one  year  may  not  be 
so  one  or  two  years  later.  Hence,  it  would  be  necessary  to  make  new 
valuations  from  time  to  time." 

Further,  in  the  same  article,  referring  to  a  valuation  based  on  the 
market  value  of  bonds  and  stocks,  he  says: 

"Unlike  the  physical  valuation,  this  method  has  a  rational  basis. 
*  *  *  It  is  true  that  prices  of  stock  fluctuate — at  times  violently — 
but  this  difficulty  can  be  overcome  in  a  measure  by  using  the  average 
prices  for  long  periods." 

It  is  strange  that  it  did  not  occur  to  so  able  a  man  as  Mr.  Fink 
that  the  value  of  the  physical  property  might  also  be  based  on  average 
prices  for  long  periods;  the  cost  of  railroad  construction  and  equipment 
as  a  whole  does  not  fluctuate  nearly  so  violently  as  the  stock  market. 

The  report  on  "The  Basis  of  Unit  Prices,"!  Iby  W.  D.  Pence,  M.  Am. 
Soc.   C.  E.,  the  Engineer  of  the  Wisconsin  Railroad  Commission,  in 

*  Railroad  Age  Gazette,  July  24th,  1908,  p.  587. 
+  Engineering  News,  June  16th,  1910,  p.  697. 
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connoetioii    with    the    Appleton    Water-works    case,    is    an    excellent    Mr. 
example  of  a  fair  and  impartial  study  of  this  phase  of  the  subject,  and    '*^"'' 
the  conclusion  of  tlic  Commission  in  this  matter  can  only  be  regarded 
as   reasonable   by   any   one   who  is   disposed  to  be   at   all  fair-minded. 
He  says : 

"If  the  standard  by  which  the  reasonableness  of  charges  is  to  be 
iletermincd  should  lluctuate  with  the  market  prices  of  material,  labor 
and  land,  no  schetlule  of  rates  could  be  established  for  any  length  of 
time,  for,  under  the  circumstances,  a  rate  that  would  be  reasonable 
to-day  might  be  very  unreasonable  to-morrow.  The  principles  of  the 
law  applicable  to  the  subject  certainly  involve  no  such  absurd 
consequences." 

Another  instance  of  an  argument  based  on  technicalities  is  found 
in  the  Railway  Age  Gazette*  In  an  editorial  on  Valuation  and  Rate 
Regulation,  it  is  said: 

"It  has  been  supposed  in  the  past  that  rate-making  is  an  exercise 
of  judgment.  It  seems  to  be  assumed  by  many  that  after  a  valuation 
has  been  nuide  it  will  be  merely  an  exercise  in  mathematics.  Suppose 
the  value  of  a  railway  for  state  purposes  is  $50  000  000.  I'hen,  on  this 
theory,  all  that  will  have  to  be  done  will  be  to  multiply  this  amount 
by  6  per  cent. — or  whatever  may  be  regarded  as  a  fair  return — and  so 
adjust  the  rates  as  to  enable  the  road  to  earn,  say,  $3  000  000  a  year," 
but,  the  writer  goes  on  to  ask,  "how  are  the  specific  rates  to  be  fixed  ?  A 
great  majority  of  those  who  advocate  valuation  say  that  they  should 
be  based  on  the  cost  of  the  service.  The  proper  method,  then,  would 
be  to  ascertain  the  exact  cost  of  hauling  each  commodity  and  then  base 
rates  on  these  ascertained  costs,  making  them  just  high  enough  to 
allow  the  road  a  fair  return." 

Then  the  article  goes  on  to  point  out  the  difficulties  of  doing  this, 
which  of  course  we  all  know,  and  finally  concludes  that:  "The  thcorj- 
of  basing  rates  absolutely  on  the  cost  of  service  is  unjust  and  im- 
practicable." In  the  present  state  of  the  art  this  is  probably  true,  but 
why  is  it  necessary  to  change  the  present  theory  of  rate-making 
because  the  rates  are  to  be  lowered  or  raised?  If,  for  instance,  it  is 
shown  that  it  is  necessary  to  reduce  the  rates  sufficiently  sc  that  the 
net  earnings  will  be  reduced,  say,  approximately  10%,  is  it  beyond  the 
capacity  of  the  traffic  officials  of  a  railroad  to  adjust  their  rates 
accordingly  i 

In  an  editorial  in  another  part  of  this  same  issue  the  Gazette 
advocates  the  raising  of  rates  to  meet  higher  prices  of  supplies  and 
higher  wages;  it  is  surely  as  feasible  to  lower  rates  as  it  is  to  raise 
them,  and,  even  though  it  were  necessary  to  base  rates  on  the  cost 
of  service,  it  does  not  seem  as  if  that  would  be  entirely  impractical, 
inasmuch  as  it  is  the  whole  argument  advanced  for  raising  the  com- 
mutation rates  on  the  railroads  entering  New  York   City.     Will  the 

*  March  4th,  1910. 
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Mr.    Gazette  say  that  the  arguments  put  forward  by  these  railroads  are  all 
'wrong?     Mr.  Fink,  in  the  article*  already  referred  to,  states: 

"It  cannot  be  said  that  *  *  *  railroads  make  tariffs;  they  can 
only  adjust  them  to  varying  conditions." 

"Adjusting  freight  rates  is  practical  work  of  men  who  have  special 
training  for  it  and  large  experience.  They  may  not  all  be  able  to 
explain  underlying  principles,  such  as  the  value  of  service,  but  they 
have  used  this  principle  for  years,  and  apply  it  intuitively  in  every 
case  which  comes  before  them." 

Surely  this  body  of  men  is  equal  to  whatever  adjustment  may  be 
necessary.  Rates  will  probably  never  be  arranged  to  suit  every  indi- 
vidual shipper;  but  if  the  people,  as  a  whole,  believe  that  the  railroads 
are  fairly  capitalized  on  a  reasonable  basis  of  value,  and  the  rates, 
in  the  aggregate,  are  adjusted  so  that  unduly  high  profits  are  not 
made,  individual  complaints  of  injustice  may  easily  be  taken  care  of. 

The  most  important  considerations  affecting  the  regulation  of  rail- 
road rates  arise  in  attempting  to  fix  the  amount  which  shall  be  con- 
sidered a  fair  return  on  the  investment.  If  a  certain  rate  of  interest 
is  fijxed  as  the  maximum  which  may  be  earned,  all  incentive  toward 
improvement  or  progress  is  removed.  The  effect  of  this  would  be,  of 
course,  to  retard  all  development.  Once  a  railroad  was  earning  its 
legal  rate  of  interest,  there  would  be  no  necessity  of  cutting  down 
grades,  building  larger  locomotives  to  handle  larger  trains,  investigat- 
ing the  economics  of  operation  and  location,  in  order  to  introduce  the 
thousand  and  one  economies  which  are  being  developed  day  by  day,  or 
for  our  railroad  presidents  to  lie  awake  nights  thinking  how  they  are 
to  save  that  million  dollars  a  day  for  the  benefit  of  the  always  ungrate- 
ful shipper.  This  objection  against  rate  regulation,  and  incidentally 
against  physical  valuation,  can  undoubtedly  be  overcome.  One  proposal 
which  has  been  made  is  somewhat  along  the  lines  on  which  it  is 
proposed  to  finance  the  New  York  Subways,  the  profits  to  be  divided 
between  the  railroads  and  the  State,  after  a  certain  rate  of  interest 
had  been  earned.  There  is  nothing  novel  about  this,  as  several  railroad 
charters  have  been  granted  with  a  provision  that  all  earnings,  over 
an  amount  necessary  to  provide  a  certain  rate  of  interest,  should  be 
paid  to  the  State.  Another  suggestionf  is  that  the  reasonable  rate  of 
return  be  fixed  as  a  percentage  of  the  gross  income,  irrespective  of  the 
amount  of  capital  required  to  produce  it.  There  are  probably  other 
ways  in  which  this  might  be  worked  out  and  adjusted,  and  this  phase 
of  the  subject  surely  does  not  present  any   insuperable  objections. 

That  the  railroads  have  little  to  fear,  in  regard  to  capitalization, 
from  a  properly  made  valuation,  is  shown  by  the  results  in  the  State 

*  Railroad  Age  Gazette,  July  31st,  1908,  p.  627. 
+  Engineering-Contracting,  May  35th,  1910,  p.  468 
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of  Washington,  where  the  valuation  was  undertaken  solely  for  the  Mr. 
purpose  of  fixing  rates,  the  result  heing  a  determination  of  the  market  ^*^^' 
value  of  tlie  three  principal  railroads  of  the  State — the  Northern 
Pacific,  Great  Northern,  and  Oregon  Eailroad  and  Navigation  Com- 
pany— at  an  amount  considerably  in  excess  of  their  capitalization.* 
It  is  true  that  rates  were  lowered  in  this  case  on  some  commodities, 
but  it  does  not  necessarily  follow  that  every  change  of  rates  on  the 
basis  of  valuation  must  be  toward  a  lower  scale.  Kailroad  rates  are 
low  and  have  stayed  low  while  the  cost  of  everything  else  has  been 
raised,  and  yet,  while  this  fact  is  well  known  to  the  general  public,  they 
still  believe  that,  in  some  way  or  another,  the  railroads  are  getting  or 
have  been  getting  more  than  their  proper  share  of  profits.  Evidently 
there  is  soniething  wrong  somewhere,  and  it  is  not  going  to  be  set 
right  by  calling  the  public  fools  and  ridiculing  their  presumption  for 
meddling  in  any  way  with  railroad  affairs.  Mr.  F.  W.  Whitridge,  the 
Receiver  of  the  Third  Avenue  Railroad,  of  New  York,  while  statingf 
that  be  had  only  just  discovered  that  there  was  such  a  thing  as  valua- 
tion, at  the  same  time  held  uj)  the  whole  scheme  to  ridicule,  though  he 
admitted  that: 

"The  people  of  this  country  have,  I  think  wisely,  made  up  their 
minds,  in  consequence  of  great  corporate  abuses,  that  public  service 
corporations  should  be  subject  to  regulation,  etc." 

He  nevertheless  ridicules  the  efforts  of  the  authorities,  particularly 
their  endeavors  in  the  matter  of  valuation,  with  its  "irreverence  for 
facts."  They  seem,  he  says,  "to  be  singing  the  song  of  the  Banderlog 
who  dreamed  of 

"  'Something  noble,  grand,  and  good 
Won  by  simply  wishing  we  could.'  " 

Valuation,  however,  has  gone  far  beyond  the  point  where  it  can 
be  considered  a  visionary  scheme,  or  can  be  held  up  to  ridicule;  and 
it  has  been  worked  out  far  enough  to  show,  at  least,  that  there  is  a 
rational  basis,  on  which  a  determination  of  values  can  be  made,  which 
will  do  justice  to  both  sides;  furthermore,  the  Supreme  Court  of  the 
United  States  has  not  only  ruled  that  valuation  must  necessarily 
be  precedent  to  rate  regulation,  but  has  gone  so  far  as  to  specifj' 
at  least  some  of  the  elements  which  must  be  taken  into  account,  and 
it  may  be  worth  while  noting  that,  in  spite  of  the  author's  criticisms 
of  the  Washington  State  Valuation,  it  is  the  only  one,  thus  far,  in 
which  an  attempt  has  been  made  to  comply  with  the  rules  laid  down 
by  this  Court.  The  results  in  Washington,  however,  indicate  clearly 
the  need  of  regulation  of  the  railroads,  as  a  whole,  and  not  varied 
regulation  by  individual  States  of  the  parts  of  systems  within  the 
borders  of  each. 

•  Railway  Age  Gazette,  March  4th,  1910,  p.  437. 

t  Electric  Railway  Journal,  January  ITith,  1910,  p.  110. 
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Mr.  Arguments  on  either  side  can  be  prolonged  indefinitely,  and  many 

^'^'  goods  reasons  for  and  against  physical  valuation  are  advanced  from 
time  to  time,  just  as  they  may  be  on  any  proposition.  Some  of  the 
principal  objections  have  been  referred  to  here  in  an  endeavor  to  show 
that  they  are  not  insuperable,  the  point  vi'hich  concerns  us  now  is  that 
to-day  we  are  confronted  with  a  fact  and  not  a  theory,  and  that  fact 
is  that  the  railroads  are  going  to  be  regulated,  and  that  their  proper 
development  is  held  back  and  general  business  is  hampered  by  the 
feeling  of  uncertainty  as  to  the  outcome.  Physical  valuation  is  not  a 
l)anacea  for  all  evils,  but  a  properly  made  valuation  of  the  physical 
elements,  with  a  due  allowance  for  the  intangible  values,  based 
possibly  on  some  such  method  as  that  developed  by  the  Washington 
State  Commission  or  by  Professor  Adams  in  Michigan,  is  surely  as 
good  a  way  of  breaking  into  the  circle  of  argument  as  any  that  has 
been  proposed  thus  far. 

The  equipment  of  freight  trains  with  air  brakes  and  safety 
couplers  was  ijractically  forced  on  the  railroads  by  the  pressure  of 
public  opinion  led  by  laymen,  yet  one  will  hardly  find  a  railroad  man 
now  who  will  not  admit  that  this  is  good  practice,  not  only  from  the 
standpoint  of  safe  operation,  but  from  that  of  economy  as  well.  The 
early  attitude  of  the  railroads  in  this  matter  is  already  being  quoted  by 
the  advocates  of  valuation,  and  inasmuch  as  we  have  to  admit,  as  we 
surely  do,  that  a  start  is  going  to  be  made  somewhere  along  the  line 
of  obtaining  some  more  definite  information  in  regard  to  the  true 
relation  of  the  value,  capital,  and  profits,  of  railroad  properties,  than 
the  mere  statement  by  the  railroads  themselves  that  they  are  all  that 
is  good  and  fair,  would  it  not  be  wise  on  their  part  to  do  all  they  can 
to  have  the  start  made  properly  rather  than  oppose  it?  Some  of  the 
most  prominent  and  progressive  railroad  men  of  the  country  have 
already  arrived  at  the  point  of  believing  and  saying  that  regulation 
properly  carried  out  may  not  be  an  unmixed  evil,  in  fact,  would  prob- 
ably be  beneficial,  but  they  still  balk  at  valuation,  without,  however, 
suggesting  any  other  means  whereby  the  general  public  is  to  obtain 
the  information  on  which  to  base  an  intelligent  opinion  as  to  how  such 
regulation  is  to  be  carried  out. 

The  speaker  does  not  for  a  moment  underestimate  the  difficulties 
incident  to  the  determination  of  the  intangible  values,  or  forget  the 
difference  between  the  problem  presented  by  the  comparatively  new 
lines  in  the  State  of  Washington  and  a  valuation  of,  say,  the  Pennsyl- 
vania Railroad  or  the  New  York  Central.  No  one  who  gives  any  real 
thought  to  the  problem  pretends  that  the  value  of  a  railroad  is  the 
value  of  its  purely  physical  property;  but,  because  the  matter  of 
determining  the  intangible  values  is  difficult  and  complicated,  is  it 
necessary  that  we  should  sit  back  and  fold  our  hands  and  say  "it  can't 
be  done";  that  in  the  whole  country  there  is  no  man  or  body  of  men. 
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or  engineers,  if  you  please,  with  brains  and  al)ilit.v  enough  to  solve  the  Mr. 
problem^  As  for  cost,  is  it  not  worth  $10  UOO  000,  which  is  more  than  ^"^^• 
$40  per  mile  for  all  the  railroads  in  the  country,  or  about  three  times 
as  much  as  the  cost  of  the  most  careful  appraisals  yet  made,  to  have 
the  question  put  once  and  for  all  on  a  stable  basis,  satisfactory  to  all, 
if  the  problem  be  api)r()a(']ie(l  in  a  fair,  broad-minded,  common-sense 
way,  by  engineers  big  enough  to  conunand  the  respect  of  both  sides? 
Aside  from  the  question  of  rate  regulation,  is  it  not  worth  this  much 
to  the  railroads  of  the  country  to  be  able  actually  to  prove  that  the 
amounts  at  which  they  are  capitalized  are  reasonable,  as  in  the  great 
majority  of  cases  they  probably  are? 

There  are  one  or  two  points  which,  it  seems  to  the  speaker,  cannot 
be  too  strongly  emphasized : 

First,  that  valuations  proi)erly  made  may  be  the  means  whereby 
confidence  may  be  restored,  not  only  in  the  mind  of  the  general  public, 
but  in  that  of  the  investor;  but,  in  order  to  obtain  this  result,  the 
railroads  should  urge,  with  all  the  power  they  possess,  the  necessity 
of  having  such  valuations  made  by  a  body  of  men,  some  of  whom,  at 
least,  should  be  engineers,  big  enough  to  entitle  their  opinions  to  the 
respect  of  both  sides,  and  tlu)r()ughly  ((ualifiod  by  training  and  experi- 
ence for  the  work. 

Second,  that,  as  far  as  possible,  regulation  should  be  general  or 
national,  so  as  to  avoid  the  comidication  of  dividing  all  roads  at  the 
State  lines,  and  of  having  diiferent  regulations  in  different  States. 

Third,  that  there  need  iu)t  necessarily  be  any  relation  between  rate 
regulation  and  rate-making.  Rate  regulation  can  well  be  confined  to 
rates  in  the  aggregate,  rate-making  applies  to  the  adjustment  of 
individual  rates,  and  must  necessarily  be  the  work  of  men  well  versed 
in  all  the  varied  elements  which  control  it  and  the  particular  conditions 
affecting  the  business  of  each  particular  road.  The  speaker  believes 
that  valuations  made  in  this  way  and  with  these  objects  in  view  will 
do  no  harm  to  the  railroads,  and  will  do  much  to  restore  confidence 
and  give  us  the  much  needed  peace  and  (juietness  to  carry  out  necessary 
development. 

Ceiarles    it.    Higgins,    Assoc.    M.    Am.    See.    C.    E.— Mr.    Kiggs'     Mr, 
able  and  timely  paper  is  of  great  interest  and  worth  to  all  concerned 
with  the  matter  of  values,  whether  of  public  service  corporation  prop- 
erty,   or    other   property;    and    what    engineer    is    not    concerned    with 
values  ? 

One  cannot  but  wish  that  an  index  accompanied  the  paper,  as  its 
usefulness  would  be  thereby  greatly  increased,  particularly  as,  by  its 
arrangement,  such  subjects  as  depreciation,  non-physical  values,  etc., 
are  treated  of  in  many  different  portions  of  the  i)aper. 

The  Wisdom  of  Having  a  Physical  Valuation. — It  is  hard  to  under- 
stand how  any  thoughtful  person  can  now  doubt  this,  for  we  are  in 
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Mr.  a  period  of  regulation  and  taxation  of  public  service  corporations,  and 
the  only  question  is  whether  they  shall  be  regulated  and  taxed  with  a 
full  understanding  of  the  investment  involved,  or  by  arbitrary  methods, 
such  as  the  2  cents  per  mile  passenger  rate,  which  has  been  so  popular 
in  many  States,  under  widely  diiferent  conditions  and  irrespective  of 
the  cost  of  the  service. 

The  time  would  seem  to  have  arrived  when  the  thoughtful  public 
service  corporation  manager  would  welcome  a  fair  valuation  of  the 
company's  property,  as  protection  against  legislation  conceived  in 
ignorance  of  the  capital  invested. 

Relation  Between  Railroads  and  Other  Properties. — The  relation 
between  appraisals  of  railroad  and  of  water,  gas,  and  traction  com- 
panies is  very  close,  and  the  same  general  principles  apply.  In  the 
former,  however,  it  is  complicated  more  often  by  the  fact  that  the 
lines  of  a  railroad  extend  through  many  States,  with  terminals  in  one 
or  two,  and,  further,  that  the  railroads  have  many  subsidiary,  con- 
trolled, or  dependent  companies,  such  as  coal,  lighterage,  terminal,  car, 
warehouse,  contracting,  elevator,  stock  yard,  and  supply  companies, 
often  owned,  wholly  or  in  part,  by  men  in  the  railroad  management. 
Agreements  with  these  companies  may  greatly  affect  the  non-physical 
values,  as  determined  by  the  methods  advocated  in  this  paper,  which 
may  otherwise  be  sound. 

Valuation  of  All  Properties. — The  author  says  that  the  valuation 
of  all  railroad  properties  in  the  country  "would  be  of  interest."  It 
would  be  more;  it  would  be  of  value  infinitely  greater  than  the  cost. 
The  mere  presence  of  light  prevents  many  vices,  and  this  is  as  true 
in  corporation  practices  as  in  the  streets.  It  is  in  accord  with  Dr. 
Woodrow  Wilson's  "pitiless  publicity";  and,  which  is,  perhaps,  more 
important,  it  is  the  basis,  or  should  be,  of  all  legislation  concerning 
the  regulations  of  these  great  highways. 

One  and  Only  One  Fair  Value. — Nothing  in  Mr.  Riggs'  paper  is 
of  more  value  than  his  insistence  that  there  is  one  and  only  one  fair 
value  of  the  physical  property  of  a  railroad,  no  matter  for  what 
purpose  it  is  to  be  used.  How  futile  are  the  misdirected  efforts  of 
those  who  would  have  it  otherwise,  for,  no  matter  what  the  purpose 
of  the  appraisal  may  be,  who  can  foresee  the  use  that  may  be  made 
of  it  when  it  becomes  public  property? 

Cost  of  Reproduction. — Cost  of  reproduction  less  depreciation  seems 
to  be  the  established  method — that  recognized  by  the  Courts — for 
arriving  at  the  value  of  the  physical  property.  Cost,  as  the  author 
contends,  can  only  be  an  element  in  determining  the  present  value, 
for  the  owner  of  a  stone  bridge  has  as  much  right  to  any  appreciation 
in  the  value  of  masonry  as  the  owner  of  land  has  in  the  increased 
value  of  his  property;  and,  though  the  cost  early  in  the  life  of  the 
structure  is  usually  near  its  value,  it  may  lose  that  position.     What 
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relation  exists  between  the  value  of  the  Pyramid  of  Cheops  and  its  cost?  „.Mr, 
Now,  as  then,  our  unit  measure  of  value  is  changing.     Cost  is  certainly 
of  historic  interest,  but  present  value  is  the  subject  for  present  uses. 

The  points  in  favor  of  inspection  to  determine  the  physical  condi- 
tion of  the  object  to  be  valued  are  convincing,  where  the  structure  may 
be  readily  inspected.  Mortality  tables  mean  little  without  a  history  of 
maintenance.  With  perfect  maintenance  there  would  be  no  physical 
depreciation. 

Maintenance  versus  Depreciation. — Depreciation  and  maintenance 
are  interdependent,  so  much  so  that  some  engineers  have  advocated 
dropping  the  term,  ''depreciation,"  and  substituting  "deferred  mainte- 
nance." A  little  thought  will  make  this  clear.  While  this  term  would 
not  apply  in  the  case  of  a  single  rail  or  car,  it  is  not  illogical  when 
applied  to  a  system,  built  and  renewed  piecemeal  and  maintained  at 
a  certain  standard  of  usefulness,  that  is,  on  all  well-managed  under- 
takings of  magnitude,  units  are  constantly  being  replaced,  thus  main- 
taining a  standard  of  efficiency.  This  standard,  on  the  entire  system, 
is  usually  found  to  be  between  70  and  90%  of  the  cost  of  reproduction. 
Some  items  are  even  improved,  and  the  cost  is  charged  to  the  mainte- 
nance account,  such  as  that  referred  to  in  the  paper  as  "consolidation 
and  adaptation"  of  roadbed,  and  only  a  few,  such  as  steel  rails,  steadily 
and  progressively  become  less  useful,  and  even  these  have  a  bottom 
value,  that  of  scrap  steel.  Nor  are  examples  numerous  where  all  the 
rails  are  laid  at  one  time,  and  they  are  extremely  rare  where  all  are 
replaced  at  approximately  the  same  time.  When  the  rails  on  a  street 
or  section  are  renewed,  the  cost  cannot  properly  be  charged  to  capital 
account,  except  in  so  far  as  the  new  rails  are  of  a  more  valuable  type 
than  the  old  ones;  for,  if  this  were  done,  there  would  be  no  limit 
to  the  capitalization  as  time  goes  on.  Furthermore,  the  moment  it  is 
admitted  that,  by  reason  of  a  change  in  the  art,  we  may  have  deprecia- 
tion through  obsolescence,  we  admit  that  through  a  change  in  art  we 
may  have  appreciation  through  the  opposite  of  obsolescence.  This 
being  the  case,  the  use  of  "mortality  tables"  to  determine  present 
value  is  misleading,  unless  it  is  done  with  the  full  itemized  accounts 
of  maintenance,  which  are  seldom,  if  ever,  available.  The  author's 
position  in  regard  to  the  need  of  inspection  of  each  item  is  well  taken. 

Dead  versus  Live  Properties. — These,  perhaps,  are  not  happy  ex- 
pressions, but  they  serve  to  emphasize  a  vital  distinction  which  must 
be  made  in  the  valuation  of  properties.  The  diflFerence  may  be  as 
great  as  between  a  corpse  and  a  man;  here,  also,  the  distinction  is 
hard  to  define.  We  say  the  soul  has  departed,  or  the  spark  of  life 
is  extinguished,  but  these  expressions  do  not  contain  a  satisfactory 
scientific  definition.  So,  as  Mr.  Eiggs  points  out,  the  physical  property 
of  a  going  business  may  not  be  valued  as  so  much  junk,  even  if  the 
non-physical  values  are  to  be  determined  separately. 
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Mr.  The  Franchise  a  Contract. — The  Courts  hold  a  franchise  to  be  a 

•ggins-  contract,  something-  often  forgotten,  both  by  the  public  and  by  cor- 
porations. The  speaker,  however,  understands  this  only  to  mean,  even 
where  the  franchise  is  in  perpetuity,  that  the  property  of  the  corpora- 
tion cannot  be  taken  for  public  use  without  just  compensation.  In  a 
sense,  then,  there  can  be  no  such  thing  as  a  perpetual  franchise.  Using 
the  word  franchise  with  its  restricted  meaning,  the  unreasonableness 
of  the  rates  may  be  measured  by  the  value  of  the  franchise. 

Physical  versus  Non-Physical  Values. — The  following  division  has 
been  made  by  the  author  between  physical  and  non-physical  property, 
for  the  purpose  of  valuation : 

"That  the  Physical  Value,  or  present  value  of  the  physical  property, 
shovild  fairly  represent  the  actual  capital  invested  in  the  property  at 
the  date  of  appraisal;  that  it  should  be  made  up  of  the  sum  of  the 
various  elements  which  constitute  the  cost  of  reproducing  the  property 
together  with  any  appreciation  which  may  have  been  added  to  any  of 
them,  less  all  depreciation. 

"That  the  Non-Physical  Value  is  the  difference  between  the  'fair 
value'  as  defined  by  the  Courts,  or  the  reasonable  value  of  the  property 
as  a  business  or  producing  property,  and  the  physical  value,  or  actual 
present  worth;  and  that  the  only  proper  method  for  determining  such 
values  involves  a  study  of  income  accounts. 

"This  Non-Physical  Value  may  be:  positive,  or  a  value  in  excess 
of  the  physical  property,  or  negative,  or  less  than  the  physical  value. 
In  the  case  of  a  property  having  a  negative  intangible  value,  a  deduc- 
tion shoidd  be  made  from  the  physical  value." 

This  division  is  convenient  but  arbitraiy.  It  is  the  division  of 
an  engineer  rather  than  of  an  economist;  for  these  so-called  non- 
physical  values  are  like  the  breath  of  a  man's  life;  without  them, 
the  physical  value  is  like  the  discarded  body.  Again,  the  use  of 
negative  non-physical  values,  while  convenient,  may  not  be  wholly 
logical.  These  remarks  are  not  directed  at  Mr.  Riggs,  for  he  is  careful 
to  say  that  he  is  dealing  only  with  active  enterprises,  and  not  with 
those  which  are  inert,  and  the  speaker  realizes  that  he  is  not  attemjiting 
primarily  to  build  up  a  logical  argument,  but  to  formulate  certain 
rules  to  overcome  practical  difficulties  met  by  all  who  have  attempted 
valuation  work.  As  many  who  have  not  given  this  matter  much 
thought  are  apt  to  be  misled  by  the  distinction  made  between  physical 
and  non-physical  values,  they  should  bear  in  mind  that  the  line  between 
them  is  like  the  equator,  an  imaginary  one. 

Water. — "The  water  is  as  much  a  part  of  the  cost  of  putting  that 
line  there  as  the  rails,"  remarked  a  corporation  official,  of  admirable 
character  and  wide  experience,  pointing  to  a  trolley  line  from  the 
window  of  a  Pullman  car;  and,  bearing  in  mind  what  he  meant  by 
"water,"  this  is  undoubtedly  so.  The  cost  of  promoting  the  enterprise, 
the  discount  on  the  hazard,  the  loss  of  interest  during  its  infancy,  the 
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labor  of  buildiiif;  iij)  tlie  undertaking — these  are  all  real  elements  of      Mr. 
cost,   and  may   remain    in    tlie   property  as  value,  but,   like   all   other  ^'S^'"^- 
items  of  cost,  they  have  their  rea^^onable  limits,  which,  in  each  indi- 
vidual case,  can  be  determined  within  narrow  bounds. 

Purpose  of  a  Valuation. — As  Mr.  Riggs  points  out,  there  are  four 
reasons  for  a  valuation :  Taxation,  rate-making,  purchase,  and  control 
of  the  issue  of  securities,  one  of  which  is  usually  the  primaiy  cause 
for  the  valuation  being  made;  and  he  argues  that  there  can  be  but  one 
"fair  value''  of  the  physical  property,  whichever  of  these  reasons  may 
prompt  the  appraisal.  This  is  fundamental,  for  "fair  value"  is  used 
in  the  sense  of  true  value,  which,  to  the  writer,  seems  to  be  a  more 
apt  expression.  It  is  rather  surprising  that  it  does  not  appear  in  the 
paper.  Its  use,  of  course,  is  old;  in  the  Constitution  of  New  Jersey, 
1875,  we  find :  "Property  shall  be  assessed  for  taxes  under  general 
laws,  and  by  uniform  rules,  according  to  the  true  value."  Each  of  the 
three  matters,  taxes,  rates,  and  authorized  capitalization,  are  inter- 
dependent and,  in  the  long  run,  cannot  be  considered  separately.  This 
can  be  emphasized  by  a  reductio  ad  ahsurdum:  Modern  civilization 
is  so  dependent  on  transportation  by  rail  that  unquestionably  all  taxes 
could  be  raised  by  assessment  on  the  railroads,  if  these  roads  were 
allowed  to  fix  tlieir  rates  and  were  j)rotected  in  the  collection  of  them; 
but  how  would  this  method  differ  from  that  of  the  Romans,  of  farming 
out  the  collection  of  taxes?  Not  materially,  and  no  one  advocates 
a  return  to  that  method.  This  is  absurd,  but  it  serves  to  emphasize 
the  relation  between  taxes  and  rates.  Taxes  can  only  come  from  the 
rates. 

Overhead  Charges  versus  Unit  Values.- — There  is  much  in  various 
parts  of  this  paper  concerning  overhead  charges,  but  very  little  about 
the  items  considered  in  determining  the  unit  values  or  unit  prices 
used;  and  does  not  the  latter  greatly  affect  the  former?  For  example, 
in  discussing  the  ^Michigan  appraisal,  the  author  says: 

"For  many  items,  such  as  clearing,  grubbing,  earthwork,  masonry, 
etc.,  the  price  was  fixed  by  agreement  during  the  discussion  at  a  figure 
which  represented  the  fair  average  cost  of  this  particular  item  during 
the  5-year  period   preceding  the   appraisal." 

The  "fair  average  cost"  under  what  conditions?  This  word  "cost" 
is  understood  by  different  men  in  as  many  different  ways  as  tlie  word 
value.  Mr.  Riggs  very  clearly  gives  the  items  included  in  "fair 
value"  as  finally  arrived  at  by  him,  but  it  would  seem  to  be  as 
important  to  define  "fair  cost"  as  used  in  arriving  at  the  unit  prices, 
for  otherwise  the  chain  has  a  weak  link. 

What  may  be  considered  a  fair  cost  per  unit  of  measure  for  a 
particular  item  differs  greatly :  First,  with  the  point  of  view  and 
breadth  of  horizon  of  the  man  stating  such  cost;  and  second,  with  the 
methods   of  letting   contracts  and   accounting  with   which  he  may  be 
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Mr.  familiar,  as  applied  to  such  items  of  work.  Because  of  the  first,  a 
iKgm.s.  £^-j.  average  unit  cost  may  mean  one  thing  to  a  contractor,  another 
to  a  division  engineer,  still  another  to  a  chief  engineer,  and  a  fourth 
to  a  manager  or  consulting  engineer;  and  because  of  the  second,  the 
understanding  of  the  term  may  differ  among  men  of  the  same  class. 
'  All  of  this  quite  aside  from  what  may  be  termed  the  personal  equation 
of  the  individual.  Thus  the  subject  of  overhead  charges  can  only  be 
discussed  profitably  in  the  light  of  knowledge  concerning  what  has 
already  been  included  in  fixing  the  unit  prices  used.  For  example, 
the  element  of  hazard  common  to  all  construction,  but  differing  in 
degree  on  different  classes  of  work,  may  be  included  in  the  unit  cost 
used,  or  it  may  be  added  as  a  percentage  to  resulting  sums,  but  it 
cannot  rightly  be  included  twice.  This  is  equally  true  of  other  elements 
of  cost  of  a  similar  character. 

The  foregoing  is  pertinent,  for  any  valuation  will  probably  be 
attacked  in  the  Courts,  and  the  unit  values  will  be  one  of  the  most 
tempting  points  for  assault,  for  the  very  reason  that  this  wide  differ- 
ence of  understanding  in  regard  to  cost,  and  particularly  in  regard  to 
unit  costs,  exists.  This  same  difference  of  understanding  is  usually 
the  reason  for  the  wide  difference  in  unit  costs  testified  to  by  able 
engineers  and,  consequently,  for  the  distrust  often  felt  for  such  testi- 
mony. The  methods  followed  in  taking  expert  testimony  usually  work 
to  make  "confusion  worse  confounded."  The  judge  or  layman,  hearing 
two  engineers  testify  to  widely  different  unit  prices  as  a  fair  average 
cost  for  certain  work,  forms  a  low  opinion  of  their  judgment,  or  worse, 
whereas  the  real  difficulty  may,  and  usually  does,  lie  in  a  different 
understanding  of  the  meaning  of  the  term  "cost,"  or  "unit  cost."  To 
the  speaker,  this  seems  to  be  the  weakest  point  in  an  admirable  paper. 

Paving. — Whether  the  value  of  the  paving  between  and  for  a  space 
outside  of  the  tracks  is  an  element  of  value  in  a  street-car  line,  or 
whether  the  cost  incidental  to  the  construction  and  maintenance  is  in 
the  nature  of  a  tax,  is  a  much  disputed  point  in  all  valuations  of  street- 
railway  properties,  and  an  important  one,  for  it  may  amount  to 
$15  000,  or  more,  per  mile.  It  is  interesting  to  remember  that  the 
custom  of  requiring  street-railway  companies  to  maintain  the  pavement 
between  its  rails  and  for  a  space  of  about  2  ft.  outside  of  them,  which 
has  become  almost  universal,  developed  during  the  use  of  horses  to  draw 
the  cars,  the  animals  causing  great  wear  on  that  portion  of  the  street. 
This  question  of  values  is  a  difficult  one.  It  would  seem  that  the  most 
tenable  position  is  that:  If  the  fee  to  the  pavement  is  not  in  the  com- 
pany, and  if  the  rule  concerning  cost  of  reproduction  less  depreciation 
is  to  be  followed,  the  cost  of  taking  up  and  relaying  the  pavement  is 
an  element  of  value  in  the  physical  worth  of  the  track,  for  it  would  be 
impossible  to  reproduce  the  track  without  incurring  the  cost  of  such 
work. 
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S.  D.  Newton,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). — The  general     Mr. 
scope  of  tliis  paper  is  admirable.     The  author's  views  and  definitions  ^^"'^°- 
are   unusually  sound,   clear,   and  forcibly   expressed.     To   one  minor 
detail,  however,  the  writer  is  unable  to  subscribe.     Referring  to  "the 
physical  property  element  of  value,"  he  states  that: 

''This  consisted  of  those  things  which  are  visible  and  tangible, 
capable  of  being  inventoried,  their  cost  of  reproduction  determined, 
their  depreciation  measured,  and  without  which  the  property  would  be 
unable  to  produce  the  commodity  on  the  sale  of  which  income  depends." 

Take  the  case  of  an  industrial  spur  for  some  minor  industry  along 
a  line  of  railroad.  It  is  often  a  question  in  the  minds  of  the  manage- 
ment whether  or  not  the  car-load  business  done  by  such  an  enterprise 
is  sufficient  in  quantity  to  warrant  the  expense  of  a  spur  track.  There 
are  probably  otlier  facilities  in  the  neighborhood  which  could  be  used 
to  take  care  of  this  business  at  the  expense  of  some  inconvenience;  in 
a  large  proportion  of  cases,  the  railroad  will  handle  the  business  any- 
way, and  the  spur  can  in  no  sense  be  called  a  necessity.  Still,  it  is  visible, 
tangible,  and  capable  of  being  inventoried,  and  should  be  included  in 
an  inventory  of  the  property  the  same  as  any  track  or  section  of  track 
belonging  to  the  Company.  This  may  also  be  said  of  an  extra  settling 
basin  or  filter  bed  in  the  case  of  a  water-works  plant.  If  such  basin 
or  bed  were  not  in  existence,  and  a  leak  should  occur  in  the  original 
plant,  the  business  of  supplying  water  to  its  customers  could,  in  all 
probability,  be  carried  along  in  some  manner  until  the  break  could  be 
repaired;  nevertheless,  such  a  tank  or  bed  is  desirable,  and  its  value 
should  most  certainly  be  included  in  an  inventory. 

Take  the  extreme  case  of  a  piece  of  machinery  which  is  utterly 
broken  down  or  so  far  out  of  date  as  to  be  entirely  worthless  for  the 
purposes  for  which  it  was  designed.  Yet  such  machineiy  has,  at 
least,  a  scrap  value,  and  as  such  it  should  be  included  in  the  inventory 
as  part  of  the  tangible  assets  of  the  concern  at  the  date  in  question. 

Of  course,  in  many  instances,  certain  interests  endeavor  to  have 
inventoried  items  which  should  either  be  omitted  altogether  or  included 
at  a  much  reduced  valuation  from  that  sought  to  be  placed  on  them, 
and,  in  such  cases,  the  very  best  judgment  of  the  appraising  engineer 
must  be  called  into  play  in  order  that  injustice  may  not  be  done  to 
either  party;  but  to  say,  as  Mr.  Riggs'  definition  virtually  does,  that 
nothing  should  be  inventoried  which  can,  either  with  or  without  incon- 
venience, be  dispensed  with,  is  absurd,  and  the  writer  does  not  believe 
that  such  is  the  meaning  the  author  intended  to  convey.  Probably,  if 
the  word  "economically"  were  inserted  in  the  definition,  it  would  more 
nearly  represent  the  proper  idea. 

William  V.  Polleys,  M.  Am.  Soc.  C.  E.  (by  letter). — In  his  very     Mr. 
thorough  and  painstaking  paper  Mr.  Riggs  states  that  it  is  confined    °  ^^^ 
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Mr.     to  a  discussion  of  methods  for  arriving  at  a  correct  figure  of  cost,  and 
Polieys.  ^]igclainis   any   intention   of   considering   the  propriety   of   using   said 
figure  when  reached. 

Inasmuch,  however,  as  he  devotes  the  next  eight  or  ten  pages  to 
a  dissertation  on  law,  political  economy,  rate-making,  finance,  and 
advice  to  railroad  employees,  with  a  word  of  encouragement  to  the 
good,  and  firm  reproof  to  the  bad  ones,  it  is  fair  to  assume  that  he 
intends  this  disclaimer  in  a  Pickwickian  sense,  and  that  the  real 
intent  of  the  paper  is  to  show  that  the  physical  valuation  of  property 
is,  with  certain  determinative,  corrective  factors,  a  proper  standard  for 
gauging  taxation,  bond  issues,  and  kindred  evils. 

Is  it  not  a  fact,  however,  that  taxation  is  based  on  a  much  more 
intangible  structure,  and  that  the  net  earnings  must  necessarily  have 
more  to  do  with  it  than  the  physical  valuation  of  the  property — 
whether  it  be  that  of  a  wicked  public  service  corporation,  or  that  of  an 
honest  haymaker — rather  on  what  their  property  can  produce,  than  on 
what  it  would  cost  to  produce  the  property?  Is  it  not  rather  a  battle 
of  business  acumen  between  the  taxer  and  taxee,  a  battle  which,  among 
other  things,  is  regulated  more  or  less  by  the  fact  that  an  extreme  in 
either  direction  will  bring  disaster  to  one  or  both,  followed  by  the 
inevitable  reaction  and  readjustment. 

Take,  for  instance,  an  extreme  case:  A  manufactory  is  erected  on 
comparatively  worthless  ground.  A  million  dollars  or  more  is  invested 
in  a  plant,  with  the  result  that  surrounding  real  estate  values  go  up 
with  a  bound.  Supposing  that  the  manufacturer  has  not  made  any 
previous  arrangements  for  immunity,  and  the  assessors  are  both  acute 
and  honest,  the  property  will  be  taxed  for  a  large  figure,  which  tax, 
if  the  factory  is  making  money,  will  be  paid,  with  more  or  less  grum- 
bling, up  to  the  economical  breaking  point.  Suppose  that,  owing  to  a 
sudden  permanent  change  in  business  conditions,  it  becomes  impossible 
to  operate  this  plant,  and  it  is  abandoned.  A  corps  of  experts  may  be 
thrown  into  the  mill,  before  the  last  employee  has  left  the  building, 
and  may  carefully  scrutinize  and  caliper  the  machinery,  count  the 
bricks  in  the  wall,  tap  the  stay-bolts  in  the  boilers,  and  bore  into  the 
furniture  to  see  whether  it  is  solid  or  veneer,  and  when  they  are  through 
and  their  figures  are  all  in,  they  have  not  arrived  at  anything  that  is  of 
the  slightest  use  as  a  basis  for  a  bond  issue  or  taxation,  and  very 
little  that  would  be  of  use  for  sale.  In  such  an  extreme  but  by  no 
means  unheard  of  case  physical  value  bears  no  relation  to  real  value. 

This  is  not  to  say  that  a  physical  valuation  is  without  worth,  and 
even  great  worth  in  some  cases;  it  is  merely  oft'ered  as  an  opinion  that 
the  physical  value  is  in  many  and  probably  most  instances,  a  very 
treacherous  guide  to  the  real  value — a  far  poorer  guide,  as  a  general 
rule,  than  the  accounting  department;  a  minor  quantity,  in  fact. 

It  seems  doubtful  whether  there  is  a  scientific  way  of  arriving  at  the 
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true  value  of  a  goiny  property  by  the  physical-valuation  route.  There  Mr. 
is  too  large  a  percentage  of  values  which,  being  intangible,  are  matters  '^  ^^^' 
of  judgment.  At  best,  the  determination  of  value  must  be  that  of 
opinion,  and  the  worth  of  that  opinion  hinges  principally  on  the 
practical  qualifications  mid  disinterestedness  of  the  person  who  gives  it. 
Unfortunately,  or  fortunately,  as  the  point  of  view  may  be,  the 
disinterested  person  is  not  apt  to  be  qualified,  nor  the  qualified  person 
to  be  disinterested,  and  it  seems  extremely  probable  to  the  writer  that, 
while  weapons  may  be  changed  and  excuses  vary,  the  tax  war  will  be 
waged  as  of  yore,  and  the  fool  and  his  money  will  continue  along 
diverging  paths  until  something  more  ingenious  than  physical  valua- 
tion is  invented,  however  well  the  valuation  may  be  made. 

C.  P.  Howard,  M,  Am.  See.  C.  E.  (by  letter). — While  there  may  be      Mr. 
no   material   differences   of   opinion   as   to  the  principles   on  which   a     ^"^^^ 
physical  valuation  should  depend,  such  a  detailed  description  of  organi- 
zation and  methods  as  that  presented  by  the  author  should  be  of  great 
service  to  others  undertaking  similar  investigations. 

It  may  not  be  amiss,  however,  to  mention  certain  features  affecting 
the  non-tangible  values  which  should  be  more  fully  considered  in  any 
general  discussion  of  the  subject. 

The  author  calls  attention  to  one  or  more  particulars  in  which 
the  methods  of  the  Michigan  appraisal  may  "fail  as  a  method  of 
determining  a  value  for  use  as  a  basis  of  rate-making."  Later,  after 
quoting  various  court  decisions,  he  dismisses  this  phase  of  the  subject 
with  the  words :  "In  view  of  these  dicta,  it  is  needless  to  argue  whether 
a  rate  of  6%  or  10%,  or  15%,  or  more,  be  reasonable." 

A  value  for  purposes  of  rate-making  might  more  properly  be  called 
a  "permissible  value."'  The  writer  holds  no  brief  for  the  corporations, 
and  would  not  like  to  fall  under  the  imputation  of  being  "apparently 
incited  by,  either  the  direct  interest  of  corporations,  *  *  *  or 
an  effort  to  confuse  the  subject  of  valuations,"  but  will  venture  the 
following,  which,  while  it  does  not  exactly  represent  any  particular 
case,  it  is  hoped  may  be  recognized  as  an  illustration  drawn  from  life. 

A,  B,  C,  and  their  associates,  being  familiar  with  a  certain  territory, 
its  resources,  transportation  facilities,  and  growing  development,  be- 
lieve that  the  time  has  come  to  build  another  railroad  through  their 
State  or  States.  They  have  made  careful  estimates  of  the  amount 
of  tonnage  that  may  be  expected  from  the  development  of  its  mines, 
timber,  farms,  etc.,  and  conclude  as  follows: 

First. — The  road,  completed  along  the  most  approved  lines,  will 
cost,  with  equipment,  $50  000  000. 

Second. — It  will  take  five  years  to  construct  and  equip  the  road  and 
put  it  in  fair  running  order. 

Third.— The  traffic,  when  fully  devol(.i)ed  according  to  their  hopes 
and  expectations,   will   eventually   afford   at   usual   tariffs   a  handsome 
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Mr.  profit,  say,  from  8  to  12%  per  annum  on  the  capital  invested.  This 
^  ■  condition,  they  believe,  in  all  human  probability  will  be  attained  in 
from  5  to  10  years  after  completion. 

Fourth. — That  half  the  traffic  anticipated  will  pay  5%  on  the 
investment. 

Fifth. — They  are  obliged  to  admit  (though  the  chances  of  this  are 
so  remote  as  to  be  in  their  opinion  negligible)  that,  due  to  unforeseen 
causes,  obstruction,  competition,  etc.,  there  is  a  possibility  that,  as  has 
so  often  happened  in  the  past,  the  enterprise  may  prove  a  financial 
failure,  or  that  the  period  of  prosperity  may  be  postponed  so  far  into 
the  future  as  to  amount  to  practically  the  same  thing. 

Here  is  a  bold  undertaking;  but  were  it  $5  000  000  instead  of 
$50  000  000,  the  conditions  would  be  essentially  the  same.  Neverthe- 
less, they  have  the  courage  of  their  convictions  and  go  ahead. 

Now,  with  all  the  risks  and  uncertainties  attending  an  enterprise 
of  this  sort,  if  the  ultimate  profits  were  limited  in  advance  to  5  or  6% 
on  the  capital  invested,  less  depreciation,  who  but  the  Government 
itself  could  afford  to  build  a  railroad? 

Evidently,  when  an  existing  railroad  makes  small  additions  from 
time  to  time  to  extend  or  take  care  of  its  business,  the  risk  is  not  so 
great.  Such  extensions  will  continue  more  or  less  under  any 
limitations. 

For  rate-making,  it  is  evident  that  an  appraisal  based  on  earnings 
will  utterly  fail  of  its  purpose  if  made  during  the  lean  years  immedi- 
ately following  construction.  If  made  some  years  later,  when  the 
property  has  begun  to  pay,  the  risk  and  necessary  financial  loss  of  the 
lean  years  should  be  remembered,  as  any  one  building  a  road  in  the 
future  will  necessarily  have  the  same  problems  to  meet,  together  with 
the  expenses  of  interest,  depreciation,  loss  from  operation,  etc.,  both 
during  the  construction  and  the  lean  years  following,  all  of  which 
must  properly  be  considered  a  part  of  the  real  cost  of  constructing 
and  developing  a  property. 

Mr.wii-        J,  E.  WiLLouGHBY,  M.  Am.  Soc.  C.  E.  (by  letter). — The  determina- 
loughby.  ^-^j^   ^£  ^-^^  ^^g^   ^£  reproducing  the  property   of   any   steam   railway 
involves,  together  with  other  items,  an  estimate  of  the  present  cost  of: 
First. — -The  acquirement  of  the  right  of  way,  to  the  extent,  in  the 
form,  and  on  the  location  of  that  held  in  connection  with  the 
railway  to  be   reproduced; 
Second. — The  construction  thereon  of  the  roadway,   to  the  form 
and  dimensions,  and  of  the  materials  which  the  roadway  to  be 
reproduced  exhibits;  and 
Third. — ^The  seasoning  and  adaptation  of  the  roadway  to  the  state 
of  perfection  which  the  roadway  to  be  reproduced  exhibits  at 
the  time  the  estimate  of  cost  of  reproduction  is  made. 
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The  first  conception,  for  fixinpr  the  cost  of  the  several  items,  is  to  Mr.Wii- 
consider  the  railway  to  be  reproduced  as  being  non-existent  at  the  time  ^^^  ^' 
the  estimate  is  made,  but  having  the  environment  which  then  exists 
along  the  operated  railway,  although  that  environment  may  be  largely 
of  the  railway's  own  creating.  The  cost  of  the  right  of  way  is  to  be 
fixed  as  ungraded  and  unimproved  property  attached  and  forming  a 
part  of  the  adjoining  improved  property,  which  adjoining  property 
will  be  entitled  to  receive,  in  addition  to  the  market  value  of  the  land 
taken,  all  consequential  damages  due  to  the  taking  off  of  the  right  of 
way  in  the  form  and  location  that  the  land  has  actually  been  taken, 
and  for  the  purpose  of  railway  construction  and  operation.  This 
adjoining  projierty  is  to  give  credit  on  the  consequential  damages  for 
the  incidental  benefits  which  it  derives,  if  any,  from  the  construction 
and  operation  of  the  railway. 

In  fixing  these  values,  the  drift  of  public  sentiment — the  bias  of 
juries  of  view  and  of  trial  juries — at  the  time  the  estimate  of  cost 
of  reproduction  is  made  must  be  considered,  since  that  sentiment  may 
affect  enormously  the  cost  of  the  right  of  way.  The  amount  to  be  paid 
for  a  right  of  way  is  in  the  end  that  which  a  condemnation  court  will 
award.  The  question  as  to  whether  or  not  the  right  of  way  was 
originally  donated  can  no  more  enter  into  the  determination  of  the 
cost  of  reproduction,  for  the  purpose  of  lessening  the  estimate  of  cost 
of  acquiring  the  right  of  way,  than  the  fact  that  donations  of  lands 
or  bonds  (or  of  convict  labor  and  slave  labor,  as  in  the  South  prior 
to  1860)  made  by  governmental  authority  or  private  enterprise,  at 
the  time  of  the  original  construction,  can  be  used  to  reduce  the  repro- 
duction cost  of  the  excavation  made  in  the  formation  of  the  roadway. 

No  rule  as  to  the  sale  of  property  for  commercial  purposes  in  the 
vicinity  of  an  operated  railway  can  be  rightfully  adapted  as  covering 
the  line  as  a  whole.  While  the  cost  of  right  of  way  through  farm  or 
timber  lands  bears  a  general  relation  to  the  value  of  those  for 
agriculture  purposes,  where  improvements  thereon  bear  but  a  small 
proportion  to  their  total  value,  this  relation  is  wholly  wanting  in 
the  cost  of  a  right  of  way  through  a  village  or  city  or  at  any  point 
where  the  improvements  on  the  property  bear  a  large  proportion  to  its 
total  value.  The  relation  is  also  wanting  where  a  right  of  way  is 
obtained  through  agricultural  lands  devoted  to  special  purposes,  like 
that  of  country  homes  for  the  rich.  It  is  also  wanting  where  the  right 
of  way  is  taken  out  of  the  narrow  river  lands  in  the  Appalachian 
Mountains,  where  the  total  value  of  the  whole  farm  is  dependent  on 
the  small  acreage  of  flat  land  along  the  river  bank.  The  general  rule 
of  prefixing  a  constant  to  the  current  selling  price  of  lands,  in  order 
to  determine  the  estimated  cost  of  right  of  way,  should  be  limited  to 
agricultural   and  timber  lands,   and   to  those  which,   owing  to  their 
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Mr.  Wii-  extent,  the  carving  out  of  the  right  of  way  does  not  wholly  destroy 
oug    J.  £^^,  ^YyQ  continuation  of  agricultural  and  timber  operations. 

For  villages  and  cities,  and  for  lands  devoted  or  adapted  to  special 
purposes,  an  accurate  estimate  of  the  cost  of  reproduction  of  the  right 
of  way  can  be  determined  only  by  a  specific  investigation  of  the  condi- 
tions in  each  community.  While  it  is  difficult  to  conceive  all  the 
activities  and  sentiments  which  have  growth  in,  from,  and  of  railway 
operation,  as  being  in  existence  without  the  railway,  it  is  only  through 
such  an  assumption  that  one  can  estimate  correctly  the  make-up  of 
the  items  of  cost  of  reproducing  a  railway  as  such  railway  may  now 
exist.  To  assume  that  the  railway,  not  existent  for  the  purpose  of  esti- 
mating the  cost  of  reproduction,  will  now  receive  the  donations  of 
land  and  moneys  that  were  made  half  a  century  ago,  is  merely  going 
back  to  a  determination  of  what  the  road  has  actually  cost;  and  that 
is  contrary  to  the  intent  of  the  theory  of  the  cost  of  reproduction. 
The  conception  of  a  parallel  line  is  not  correct,  for  it  imposes  thereby 
a  further  burden  on  properties  which  have  already  contributed  to  the 
public  good,  probably  to  an  extreme  extent,  and  gives  an  abnormal 
cost  for  right  of  way,  as  shown  when  a  railway  seeks  to  enlarge  its 
terminals  in  a  crowded  community,  or  to  find  a  new  entrance  into  a 
popvilous  city. 

So,  too,  in  estimating  on  the  formation  of  the  roadway,  one  must 
consider  the  roadway  to  be  reproduced  as  being  obliterated — all  cuts 
and  borrow-pits  refilled,  and  all  embankments  and  spoil  banks  removed 
from  the  right  of  way — ^but  all  other  lines  of  transportation,  except 
the  railway  to  be  reproduced,  must  be  considered  as  being  in  existence 
as  they  actually  are  at  the  date  the  estimate  of  cost  of  reproduction 
is  made,  and  that  such  other  lines  of  transportation  are  available  for 
bringing  in  machinery,  tools,  teams,  materials,  and  supplies  for  the 
construction  of  the  railway  to  be  reproduced.  It  is  only  by  such  an 
assumption  that  the  benefit  of  the  improved  means  and  methods  of 
construction  now  prevalent  can  be  obtained;  but  it  is  not  permissible 
to  estimate  for  the  construction  of  a  railway  with  different  grades, 
alignment,  roadbed,  widths,  or  with  different  materials  than  that  of  the 
railway  to  be  reproduced  merely  because  such  constructiofi  at  this  day 
might  be  actually  cheaper  or  better  than  to  construct  it  in  exact 
duplication.      For   example,   if   the   rock   cuts   on   the  roadway    to   be 

reproduced  be  only  18  ft.  wide  with    . :  1   slopes,  one  must  not  figure 

on  the  greater  economy  of  steam-shovel  excavation,  because  the  steam 
shovel  cannot  be  worked  in  cuts  of  that  width;  nor  can  the  spoil  from 
such  cuts  be  carried  long  distances  to  eliminate  a  possible  solid-rock 
borrow  originally  made  elsewhere,  because  long  hauls  are  practicable 
in  steam-shovel  work,  but  wanting  in  excavations  where  the  mule  is  the 
transportation  force.  So,  too,  it  is  not  permissible  to  estimate  on  rein- 
forced  concrete  bridges   to   take  the   place    of   more   costly   cut-stone 
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arches,  if  cut-stono  arches  are  the  structures  that  have  been  actually  Mr.  Wii- 
built.  The  idea  of  cost  of  roproduotion  is  not  synonymous  with  the  '°"8hby. 
idea  of  the  cost  of  l)uil(li)if;'  a  railway  capable  of  serving  the  same 
transportation  i)urpose.  If  all  our  railways  were  to  be  built  anew,  in 
the  light  of  our  present  knowledge,  and  with  our  present  traffic  offerings 
and  financial  resources,  vast  changes  would  be  made  in  the  character 
of  construction.  The  physical  fact  of  existing  construction  prevents 
a  theoretical  substitution  of  what  is  the  best  construction  for  any 
community,  together  with  its  costs  for  the  construction  which  was 
actually  made  years  ago. 

In  the  event  that  an  estimate  of  reproduction  costs  be  made  for  a 
State  as  a  whole,  or  for  a  great  railway  system  as  a  whole,  the  con- 
ception of  reproduction  is  modified  so  that  the  construction  may  take 
the  form  of  progressive  construction,  the  principal  lines  being  built 
first  and  the  less  important  lines  afterward.  This  method  will  require 
the  estimate  for  interest  during  the  construction  period  to  be  greater. 

The  money  cost  of  the  seasoning  and  the  adaptation  of  the  roadway 
to  such  a  condition  as  will  permit  heavy  trains  to  be  run  at  high 
speeds,  is  great,  but  the  amount  is  not  readily  ascertained.  An  esti- 
mate of  cost  of  reproduction,  to  be  true,  must  consider  this  item;-  and 
probably  the  more  usual  method  of  ascertaining  it  is  to  assume  it  to 
be  an  amount  in  some  proportion  to  the  cost  of  the  excavation.  This 
proportion  will  vary  with  the  character  of  the  material  through  which 
and  of  which  the  cuts  and  fills  are  made,  and  with  the  methods  of  con- 
struction necessarily  adopted.  There  are  many  railways  on  which 
this  cost  will  exceed  25%  of  the  total  cost  of  excavation. 

After  the  estimate  has  been  made,  including  the  item  for  seasoning 
and  adaptation,  there  should  be  added  a  contingent  fund  to  cover  the 
omitted  work,  consisting  of  small  borrow-pits  and  ditches,  undetermined 
foundations,  unexpected  conditions  encountered,  unavoidable  "force 
account"  work,  minor  changes  of  streams  and  highways,  damages  to 
adjoining  lands  due  to  the  methods  of  construction  and  to  diversion  of 
water,  etc.  This  item  will  not  exceed  5%  of  the  cost  of  the  roadway 
if  the  estimate  be  accurately  made. 

The  more  convenient  form  into  which  an  estimate  of  cost  of  repro- 
duction of  a  steam  railway  is  to  be  put  is  to  follow  the  sub-accounts,  as 
prescribed  by  the  Interstate  Conunerce  Commission  for  Expenditure 
for  Road.  Each  item  given  in  that  accounting  has  a  place  in  the 
estimate.  These  comments  are  confined  to  the  items  covering  the  road- 
way, namely,  Right  of  Way  and  Station  Grounds,  Grading,  Tunneling, 
Bridges,  Trestles,  and  Culverts. 

Henry    C.   Adams,   Esq.*    (by  letter). — To   the   writer  this  paper     Mr. 
seems  to  be  the  most  complete  and  comprehensive  discussion  of  the  '^^'^^s. 
general  question   of   valuation  of  property  invested  in  public  service 
industries  that  has  come  under  his  notice.    It  is  especially  important  in 
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Mr.     that  it  is  a  summary  of  the  discussion  on  this  most  difficult  subject 
Adams,  (j^ij-ing  the   past    ten   years,    and   the   writer   thoroughly   agrees   with 
the  general  conclusions  reached  by  Mr.  Riggs. 

There  is  one  point,  however,  which  might  possibly  have  been 
developed  more  completely,  and  that  is,  the  treatment  of  discounts, 
which  presents  itself  from  time  to  time  in  the  general  discussion. 
Mr.  Riggs  quotes  with  approval  the  following: 

"If  a  company  can  market  its  50-year,  4  per  cent,  bonds  at  90  per 
cent,  of  par,  it  means  that  the  company's  credit  is  on  a  4^  per  cent, 
basis;  that  it  could  market  a  like  security  paying  4^  per  cent, 
at  par." 

This  is,  of  course,  correct  as  far  as  the  mathematics  of  the  proposi- 
tion is  concerned,  but  it  seems  to  overlook  that  peculiar  psychology  of 
the  market  which  enables  a  corporation  to  secure  a  larger  amount  of 
actual  cash  for  a  given  interest  annuity  when  bonds  are  sold  at  a 
discount  than  when  they  are  sold  at  par. 

Aside,  however,  from  the  accuracy  of  the  above  quotation  and  of 
Mr.  Riggs'  apparent  acceptance  of  it  as  the  final  word  on  discounts, 
one  may  ask  if  it  recognizes  all  the  elements  necessarily  involved  in  a 
discussion  of  the  problems  i-aised  by  discount  financiering.  From  the 
literature  of  the  subject  one  may  read  the  following  claims :  Discount 
is  a  measure  of  the  risk  involved  in  a  new  enterprise;  discount  is  a 
market  adjustment  that  reflects  the  current  value  of  money;  discount 
is  a  sacrifice  of  principal  for  a  slightly  reduced  interest  annuity; 
discount  is  a  dividend  declared  before  the  dividend  is  earned;  and 
many  cases  are  cited  in  which  a  discount  is  merely  a  promoter's  fee 
for  services   rendered. 

The  writer  does  not  care  to  discuss  at  this  time  these  various 
points  of  view  from  which  discounts  may  be  regarded.  They  are  men- 
tioned merely  to  suggest  that  the  subject  is  not  as  simple  as  some 
writers  seem  to  think.  Any  valuation  of  public  service  industries, 
from  whatever  point  of  view  it  may  be  regarded,  must,  from  the 
nature  of  the  case,  touch  tlie  problem  of  fundamental  equities;  and 
one  of  the  elements  of  this  problem  which  has  not  as  yet  been  fully 
analyzed  is  this  element  of  discounts.  From  the  point  of  view  of 
taxation  such  an  analysis  is  not  perhaps  essential;  but  if  the  valuation 
is  to  be  used  as  a  basis  of  determining  reasonable  rates,  or  as  a 
measure  of  reasonable  capitalization,  it  seems  to  be  essential. 

The  writer  is  sure  this  discussion  will  not  be  construed  as  in  any 
sense  a  criticism  on  Mr.  Riggs'  paper;  it  is  rather  a  suggestion  of  an 
unwritten  chapter  in  the  literature  of  valuation.  The  American 
Society  of  Civil  Engineers  is  to  be  congratulated  in  securing  from  one 
of  its  members  so  complete  and  satisfactory  a  discussion  of  the  princi- 
ples and  methods  for  the  valuation  of  public  service  corporation 
property. 
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Carl  C.  Witt,  M.  Am.  Soc.  C.  E.   (by  letter).— The  appraisal  of   Mr. 
the  railway  property  in  Michigan  was  a  wonderful  performance  in  a  ^'"' 
great  many  ways,  not  the  least  of  which  was  the  thoroughness  of  the 
work,    considering   the   short   time    available,    and   the    writer   desires 
to  express  his  appreciation  of  this  paper,  as  it  is  a  valuable  addition 
to  the  meager  literature  on  this  subject. 

More  recent  appraisals,  made  by  States  traversed  by  the  same  rail- 
way systems  as  those  involved  in  the  Michigan  appraisal,  have  been 
made  with  a  freedom  from  opposition  by  railway  companies  due  to  the 
educational  effect  of  this  pioneer  work.  Particularly  is  this  true  of  the 
recently  completed  appraisal,  by  the  Board  of  Railroad  Commissioners 
of  South  Dakota,  of  the  physical  property  of  the  railways  in  that 
State,  of  which  work  the  writer  was  the  Engineer  in  charge.  No 
opposition  w'as  met,  in  fact,  some  of  the  railway  companies  had  estab- 
lished regular  departments  for  furnishing  inventories  and  appraisals, 
had  completed  the  necessary  field  work  in  South  Dakota  before  the 
inventory  had  been  requested  by  the  State,  and  were  able  to  furnish 
a  very  complete  appraisal  in  a  short  time  after  the  request  for  it 
was  made. 

This  appraisal  was  made  in  compliance  with  an  act  of  the  Legisla- 
ture of  1907,  which  required  the  Board  of  Railroad  Commissioners 
to  ascertain  the  true  cash  value  of  all  the  property  of  every  railroad 
company  in  South  Dakota  used  in  the  operation  and  maintenance  of 
their  respective  roads.  No  attention  was  paid  to  the  purpose  of  the 
appraisal,  but  one  of  the  first  uses  made  of  the  information  thus  secured 
was  in  the  litigation  following  the  passage  of  an  act  by  the  Legislature 
of  1909,  prescribing  a  maximum  passenger  fare  of  2  cents  per  mile 
on  all  railroads  operating  within  the  State.  In  connection  with  a  rate 
case  of  this  kind,  some  questions  have  been  raised  regarding  proper 
bases  for  land  values,  the  use  of  an  item  for  adaptation  and  solidifica- 
tion as  an  element  of  physical  value,  the  value  of  the  intangible 
assets,  etc. 

The  lands-  of  all  railway  companies  were  appraised  at  a  cost  to 
reproduce  or  re-purchase  at  the  time  of  appraisal,  regardless  of  the 
original  cost  of  the  property.  The  sales  method  was  used  for  determin- 
ing the  market  value  of  adjoining  property.  There  has  been  a  very 
large  land  movement  in  South  Dakota  in  the  last  five  years,  and  as 
most  of  the  country  is  prairie,  with  similar  soil  over  large  areas,  it  was 
not  difficult  to  determine  the  average  market  value  of  the  land  for 
farm  purposes,  at  the  date  of  the  appraisal,  and  the  gradual  trend 
of  values  for  five  years  previous  to  that  date.  An  average  multiple 
of  250%  was  used  to  arrive  at  the  cost  of  reproducing  or  purchasing 
the  right  of  way.  This  multiple  was  based  on  investigations  made 
of  recent  right-of-way  purchases,  and  inasmuch  as  there  are  no  large 
terminals    in    South    Dakota,    the   same    average    multiple   was    used 
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Mr,  throughout  the  State  for  both  town  and  farm  property,  investigation 
■  showing  that  town  property  could  be  secured  for  slightly  less  and 
farm  property  for  slightly  more  than  the  average  multiple  used. 

In  each  supplemental  appraisal  the  land  values  will  be  corrected 
to  correspond  to  the  changes  in  svirrounding  values,  as  the  railway 
company  is  entitled  to  any  increase,  due  to  natural  causes,  based  on 
the  cost  to  reproduce  at  the  time  of  appraisal.  This  is  a  well-estab- 
lished theory,  as  shown  by  Mr.  Riggs. 

No  allowance  was  made  for  the  item  commonly  known  as  "adapta- 
tion and  solidification,"  except  in  the  item  of  contingencies  and  in 
the  consideration  of  the  present  value  of  the  ballast.  In  some  recent 
appraisals,  large  sums,  based  on  a  percentage  of  the  cost  of  grading, 
have  been  allowed  for  this  item.  While  there  is  no  question  that 
large  sums  of  money  are  expended  in  maintaining  a  safe  track  on 
a  new  bank,  and  that  this  expense  gradually  diminishes  as  the  road- 
bed becomes  solid,  due  to  tJie  pounding  of  the  trains  and  the  action 
of  the  elements,  this  expense  is,  and  properly  so,  charged  to  main- 
tenance, and  is  paid  for  out  of  the  operating  revenues.  Now,  in  the 
trial  of  a  rate  case,  exhibits  showing  the  operating  expenses,  includ- 
ing maintenance  charges,  are  introduced,  and  to  include  this  same  item 
in  the  appraisal  of  the  physical  property  leads  to  a  duplication,  for 
if  the  passenger  or  shipper  pays  for  this  maintenance  charge,  it  should 
not  be  counted  as  an  item  of  physical  value  as  a  basis  for  determin- 
ing what  is  a  reasonable  rate. 

The  case  is  similar  to  that  of  a  locomotive;  when  new,  it  is  kept  in 
the  vicinity  of  the  shops,  because  trouble  from  lack  of  proper  adjust- 
ment and  weak  parts  is  likely  to  develop,  and  the  maintenance  charges 
may  be  much  higher  than  a  few  months  later  when  the  machine  has 
"found  itself  and,  as  an  operating  machine,  is  more  eiEcient  than 
when  new.  However,  no  one  will  insist  that  it  has  an  added  physical 
value  in  dollars  and  cents,  or  that  the  excess  cost  of  repairs  and  main- 
tenance during  its  early  life  should  be  added  to  its  cost  of  reproduc- 
tion now;  in  fact,  it  is  a  second-hand  machine,  and  the  maintenance 
charges  must  be  paid  for  out  of  its  use. 

Generally,  when  a  roadbed  is  turned  over  to  the  operating  depart- 
ment by  the  construction  department,  it  is  in  good  line  and  sur- 
face, and  if  an  appraisal  were  made  at  that  time  its  condition  would 
be  100% ;  but  as  soon  as  it  is  placed  under  traffic,  it  begins  to  depre- 
ciate, as  shown  by  the  fact  that  it  requires  constant  attention  to 
keep  it  up.  If  the  roadbed  is  cross-sectioned  at  each  station  and  actual 
quantities  calculated  from  cross-section  notes,  there  would  be  no  depre- 
ciation, but  if  the  grading  quantities  are  calculated  from  profiles  of 
the  line,  as  constructed  some  time  previously,  and  for  a  standard  width 
of  sub-grade,  with  a  percentage  added  for  shrinkage,  and  allowance 
made  where  banks  have  been  widened,  etc.,  it  will  probably  be  found 
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to  exceed  the  actual  measured  quantities,  because  the  action  of  the  Mr. 
elements  in  washing-  the  slopes,  the  wearing  of  the  shoulders  of  the  ^"'^" 
embankment  due  to  foot  traffic,  etc.,  will  show  some  depreciation  in 
quantities.  It  is  common  practice  to  carry  the  item  for  g'rading  over 
to  the  present-value  column  at  100%,  or,  with  no  depreciation.  This 
practice,  together  with  the  present  condition  of  the  ballast  due  to 
maintenance,  and  that  part  of  contingencies  which  covers  washing  of 
slopes,  filling'  of  ditches,  sink  holes,  etc.,  certainly  takes  care  of  all 
adaptation  and  solidification  which  sliould  enter  into  a  valuation  of 
physical  property. 

No  appraisal  was  made  of  the  intangible  assets.  A  great  many 
arguments  have  been  advanced  for  and  against  such  an  appraisal,  and  in 
South  Dakota  it  was  held  that  the  earning  ability  of  any  corporation 
due  to  its  franchise,  strategic  location,  efficient  organization,  going- 
concern  value,  etc.,  while  perhaps  an  element  of  value  to  be  con- 
sidered in  a  transfer  of  the  property  or  if  assessed  on  an  income 
basis,  should  not  enter  into  a  valuation  which  would  be  used  for 
determining  a  just  and  reasonable  return  on  the  investment,  because 
the  greater  the  earning  power  the  greater  would  be  the  return,  and 
that  this  condition  would  produce  a  never-ending  increase  in  returns; 
whereas,  when  the  returns  reach  a  point  at  which  they  will  not 
only  pay  a  fair  dividend  on  the  investment,  but  take  care  of  any 
depreciation  in  the  physical  condition  of  the  property  and  make  all 
needed  improvements  in  roadbed,  buildings,  and  equipment,  demanded 
by  the  traveling  public,  shippers,  increased  traffic,  or  natural  causes, 
they  should  be  kept  to  that  point.  There  are  several  hundred  miles  of 
railway  in  South  Dakota  which  have  been  built  out  of  the  surplus 
earnings  of  the  parent  corporation — in  other  words,  with  money  sup- 
plied by  the  traveling  and  shipping  public,  but  which  are  owned  by  the 
railways  and  on  which  they  may  earn  another  surplus  for  construct- 
ing more  extensions,  etc.,  etc. 

The  original  South  Dakota  appraisal,  as  of  June  30th,  1908,  on 
forms  similar  to  those  used  in  Minnesota,  has  been  supplemented  by 
yearly  appraisals  corrected  for  all  additions  and  deductions  made  dur- 
ing the  fiscal  year.  For  this  purpose  a  new  set  of  forms*  was  pre- 
pared, with  the  various  items  classed  in  accordance  with  the  "Classifica- 
tion of  Expenditures  for  Road  and  Equipment,"  as  prescribed  by  the 
Interstate  Commerce  Commission,  and  arranged  so  as  to  facilitate 
showing  the  yearlj--  changes. 

E.  A.   Thompson,   Assoc.  M.  Am.   See.   C.   E.    (by  letter). — This       Mr. 
paper  is  considered  by  the  writer  to  be  the  most  complete  treatise      o™?^"- 
ever  written  on  the  valuation  of  public  service  corporation  property, 
and  the  author  deserves  the  sincere  thanks  of  the  entire  Engineering 
Profession  and  all  others  interested  in  this  most  important  question. 

*For  convenient  reference,  a  set  of  these  forms  is  filed  in  the  Library  of  the  Society. 
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Mr.  Its  presentation  is  most  timely,  in  view  of  the  agitation,  particularly 
ompson.  ^^  ^-^^  subject  of  railroad  valuation,  which  is  now  engaging  the  atten- 
tion of  Congress  and  the  law-making  bodies  of  the  several  States,  as 
it  contains  much  valuable  information  relative  to  decisions  of  Courts, 
in  addition  to  clear  and  concise  expositions  of  the  methods  in  vogue 
for  the  appraisement  of  corporate  property,  etc. 

It  is  a  fact — rapidly  coming  to  be  recognized  by  legislative  and  judi- 
cial bodies — that  the  prescription  and  regulation  of  tolls,  charges,  and 
assessments  against  public  corporations  cannot  be  made  systematic 
and  intelligent  unless  there  is  provided  some  estimate  of  the  value  of 
the  property  involved,  based  on  the  cost  of  its  replacement  or  reproduc- 
tion. Particularly  is  this  true  of  railroads;  and  such  regulation  of 
the  affairs  of  these  corporations  as  has  heretofore  been  essayed  by 
State  and  National  commissions,  has  generally  been  on  illogical  bases, 
unsatisfactory  alike  to  the  proponents  and  the  companies.  Results 
have  been  had,  it  is  true,  after  a  fashion,  but  there  have  been  endless 
disputes  and  litigation,  with  the  prime  questions  involved  no  nearer 
solution  than  before.  One  has  but  to  contemplate  the  varied  and  often 
antagonistic  legislation  promulgated  by  the  several  States,  relating 
to  corporation  management,  and  the  many  rulings  and  decisions 
of  the  different  courts  and  commissions  on  the  subject  of  regulation, 
assessment,  and  adjudication  of  corporate  rates,  revenues,  taxes,  and 
tolls,  to  become  convinced  of  the  complicated  and  tangled  condition 
of  the  situation,  and  to  realize  the  necessity  for  the  early  establish- 
ment of  some  logical  basis  on  which  to  establish  the  fabric  of  cor- 
porate control. 

While  it  is  not  maintained  that  an  appraisement  of  the  physical 
property  of  public  service  corporations  will  be  the  panacea  for  all 
such  ills,  the  writer  firmly  believes  with  the  author  that  such  appraisal, 
as  a  beginning,  is  absolutely  necessary,  and  when  effected  on  some 
fair  and  reasonable  basis,  will  contribute  largely  to  the  successful 
solution  of  many  of  these  intricate  problems. 

With  the  estimate  of  the  physical  value  of  a  property  before  it — 
which  represents  money  actually  invested,  together  with  such  accruals 
to  costs  as  it  may  be  determined  that  the  owner  is  reasonably  entitled 
to  have  considered — any  Court,  tribunal,  or  commission  is  in  a  better 
position  to  mete  out  impartial  justice,  whether  it  be  the  regulation  of 
a  rate,  the  assessment  of  a  tax,  or  the  imposition  of  a  fine. 

Although  the  author's  experience  in  valuing  corporate  property 
has  been  principally  in  connection  with  the  Michigan  appraisal  of 
railroads,  and  to  him  is  largely  due  the  credit  for  devising  methods 
for,  and  carrying  forward  to  successful  completion,  this  thorough  and 
most  excellent  work,  it  is  refreshing  to  note  his  inclination  to 
give  credit  to  the  work  of  others  along  the  same  line  in  other  States, 
which,  it  is  to  be  regretted,  has  not  always  been  the  case  with  writers 
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on  this  subject.  There  is  no  doubt  that  the  work  of  the  Michigan  Mr. 
and  Wisconsin  Boards  of  Appraisal — conducted  under  the  advice  and  Tbo^pson. 
direction  of  some  of  the  most  eminent  and  talented  engineers  and 
economists  in  the  United  States,  and  practically  without  regard  to 
expense — is  the  most  complete  and  perfect  of  its  kind  heretofore 
attempted,  yet  there  are  many  features  in  regard  to  the  organization 
and  execution  of  its  details  about  which  there  may  be  an  honest 
difference  of  opinion,  as  viewed  by  those  who  have  been  similarly 
employed. 

It  is  but  natural — as  suggested  by  the  author — to  find  the  "indi- 
vidual" character  of  the  appraiser  (which  has  been  moulded  by  his 
environment,  training,  and  former  service)  reflected  in  his  opinion, 
and  this  would  be  most  probable  in  tlie  organization  for,  and  carrying 
on  the  work  of,  appraising  a  railroad  property,  which  involves  con- 
sideration of  practically  every  phase  of  engineering  and  economics. 
The  judgment  of  any  man  is  essentially  warped  along  the  lines  of  his 
experience,  and  he  is  necessarily  biased  and  prejudiced  in  favor  of 
or  against  certain  jiractice.  As  a  consequence,  therefore,  it  is  not 
reasonable  to  suppose  that  any  one  man,  or  set  of  men,  can  formulate 
a  system  for  valuing  corporate  property  which  will  be  perfect  in  all 
its  details,  and  be  free  from  objection  and  criticism. 

The  writer  was  employed  for  a  number  of  years  as  Engineer  for 
the  Railroad  Commission  of  Texas,  and  had  charge  of  the  valuation 
of  railroad  property  under  the  Railroad  Stock  and  Bond  Law  of  that 
State.  A  paper  on  the  methods  used  by  this  Commission  was  prepared 
by  him  and  published  by  the  Society.*  This  Stock  and  Bond  Law  was 
enacted  in  1893,  and  the  railroads  then  existing  were  valued  in  1894 
and  1895.  The  average  value  of  8  860  miles  was  $15  844  per  mile.  This 
valuation  was  made  by  Charles  Corner,  M.  Am.  Soc.  C.  E.,  now 
Resident  Engineer  of  the  Rhodesia  Railways,  South  Africa,  and  Mr. 
H.  J.  Simmons,  now  General  Manager  of  the  El  Paso  and  South- 
western Railway  System.  The  actual  cost  of  this  work  is  not  available, 
but  is  estimated  at  about  $2  per  mile.  The  engineers  making  the 
appraisal  secured  maps,  profiles,  and  all  available  information  from  the 
offices  of  the  railroad  companies,  including  all  the  construction  records 
and  estimates  of  quantities  which  were  preserved.  Appraisal  was 
made  only  after  one  of  the  engineers  had  made  a  personal  examina- 
tion on  the  ground,  accompanied  by  assistants  to  aid  in  measuring 
structures   and   estimating   quantities. 

All  valuations  made  since  1895  have  been  of  new  railroads  making 
application  for  issuance  of  securities,  and  in  all  cases  the  deeds  for 
right  of  way  and  depot  grounds,  the  contracts  for  construction,  the 
actual  quantities  of  construction  of  all  kinds,  the  plans  and  specifica- 
tions for  all  structures  and  construction,  and  all  other  information 

*  Transactions,  Am.  Soc.  C.  E.,  Vol.  LIT,  p.  328. 
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Mr.  which  the  engineer  desired,  were  submitted  by  the  railroad  companies 
Thompson.  ^^  enable  an  accurate  appraisal  of  the  value  of  the  property  to  be  made. 
It  is  not  possible  for  valuations  of  this  character  to  be  made  under 
more  favorable  circumstances.  Up  to  October,  1909,  more  than  3  500 
additional  miles  had  been  valued,  and  in  all  cases  the  estimates  limited 
the  securities  which  the  companies  might  issue. 

Writers  on  railroad  valuation  have  generall;^  been  inclined  to  dis- 
credit the  work  of  the  Texas  Railroad  Commission  and  the  system 
of  appraisal  used  by  it.  One  writer,  of  more  or  less  prominence,  has 
referred  to  it  as  the  "cheap"  method.  While  it  may  be  true  that 
other  appraisals  have  been  more  expensive,  it  is  a  fact  that  those  of 
the  Texas  Commission  have  served  their  purpose  well,  and  the  rail- 
roads, as  a  rule,  have  made  little  complaint.  As  a  matter  of  fact, 
it  is  highly  probable  that  the  valuations  of  railroad  i^roperty  made 
by  the  Texas  Commission  have  been  of  greater  utility,  as  far  as  the 
public  is  concerned,  than  those  of  all  other  States  combined,  and, 
at  the  same  time,  no  injustice  has  been  done  the  railroads. 

It  appears  that  those  who  have  interested  themselves  in  investi- 
gating the  Texas  method  of  railroad  valuation — including  the  author — 
have  failed  to  construe  the  real  meaning  and  intention  of  the  Stock 
and  Bond  Law.  Apparently,  it  was  passed  for  the  purpose  of  limit- 
ing railroad  indebtedness — 'and  is  referred  to  by  Mr.  Riggs  as  serving 
only  this  purpose — but  while  its  effect  has  been  to  accomplish  this 
most  successfully,  its  enactment  carried  with  it  a  deeper  significance. 

This  law  was  passed  at  the  same  time  as  the  General  Railroad 
Commission  act  of  the  State,  which  gave  to  this  Board  absolute  control 
over  all  freight  rates  and  tariffs,  and  also  other  powers  not  possessed 
at  that  time  by  any  other  State  commission.  The  decisions  of  the 
highest  Courts  at  that  time  laid  stress  on  the  right  of  carriers  to 
maintain  rates  which  would  afford  a  reasonable  return  on  stocks  and 
bonds  outstanding.  Hence,  to  delegate  the  regulation  of  rates  to 
any  tribunal  by  any  law  which  did  not  carry  with  it  also  the  right 
to  supervise  and  restrict  mortgage  indebtedness  to  some  reasonable 
extent,  appealed  to  the  legislators  as  being  essentially  ineffective. 
The  effect  of  the  law  has  been  to  reduce  steadily  the  average  out- 
standing stocks  and  bonds  of  the  railroad  companies  of  the  State 
from  an  average  of  $40  802  per  mile  in  1894  to  $31910  in  1909— 
and  this,  too,  in  the  face  of  a  recognized  increase  in  the  physical 
value  of  the  properties — thus  depriving  the  railroads  of  one  of  their 
most  potent  weapons  of  offense  when  contending  against  the  Com- 
mission's orders.  It  is  a  matter  of  common  knowledge  that  the  indebt- 
edness per  mile  of  railroads  of  other  States  has  increased  greatly  dur- 
ing this  period.  It  is  also  a  fact  that  the  railroads  of  Texas  have, 
except  in  rare  instances,  contended  that  injustice  has  been  done  them 
in  the  enforcement  of  this  law,  and  the  market  value  of  their  stocks 
and  bonds  has  steadily  risen.     Also  their  physical  condition  is  on  a 
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par   with   that   of   railroads   in   other   Southern    and    Western    States,        Mr. 
and   their   inooTnes   from   operation   are   as  substantial.     The  practice  Thompson, 
of  "watoriiif'"  their  securities  has  been  eflFeotually  stopped,  as  regards 
local   issuance,   and   any   interest  which   might  have  accrued   on   such 
securities  has  been  saved  to  the  public. 

It  has  been  contended  that  the  Texas  valuations  of  1894-95  were 
too  low,  ajid  (lid  not,  even  at  that  time,  represent  the  fair  value  of 
the  properties.  Tlii.s  is  perhaps  true  to  a  certain  extent,  but  it  must 
be  remembered  that  the  costs  of  materials  and  construction  then 
were  less  than  at  any  time  before  or  since;  and,  viewed  from  the 
present-day  standpoint,  they  seem  to  have  been  inadequate.  It  must  also 
be  considered  that  real  estate  values  throughout  the  entire  State  were 
very  low,  conijiared  with  present  values  and  with  those  of  lands  in  other 
States.  Although  the  writer  admitvS  that  the  margin  was  very  narrow, 
still  he  is  of  the  opinion  that  the  valuations  as  made  represented 
closely  the  cost  of  reproduction  of  the  physical  properties  at  the  time. 

The  valuations  of  1894-95  stand  to-day  on  the  Commission's  records 
as  "the  value  of  the  property,"  except  in  cases  where  there  has  been 
application  and  necessity  for  re-valuation.  The  machinery  of  the  law 
did  not  provide  that  these  appraisals  should  be  kept  "up  to  date." 
The  mortgages  on  these  railroads  are  still  outstanding,  and  there  has 
been  no  call  for  another  appraisal,  except  in  a  few  instances.  The 
Commission  has  decided  that  in  its  opinion  the  "present  value"  of  any 
of  the  railroads  already  appraised,  is  represented  by  the  original  valu- 
ation plus  the  value  of  all  permanent  improvements  and  betterments 
added.  This  principle  has  been  carried  out  with  those  railroads  which 
have  applied  for  re-valuation  for  any  purpose,  and  the  Commission 
has  admitted  the  same  in  testimony  which  it  has  given  before  the 
Courts. 

Since  the  appraisals  which  the  Texas  Commission  makes  are 
primarily  for  the  purpose  of  limiting  indebtedness,  and  the  carriers 
are  entitled  to  have  these  at  least  equal  the  cost  of  their  property — 
the  investment  with  certain  additions  to  cover  promoters'  profits — no 
consideration  can  be  given  to  depreciation  of  structures  and  equip- 
ment, although  the  application  for  valuation  and  process  of  issuing 
of  securties  may  be  had  several  years  after  completion.  The  writer 
holds  that  there  is  strong  argument  in  favor  of  not  taking  into  account 
"depreciation,"  and  of  estimating  the  value  of  the  property  as  being 
entirely  "new,"  whatever  purpose  the  valuation  is  proposed  to  serve. 
This  is  apparent,  as  already  stated,  when  the  valuation  is  to  serve  as  a 
basis  for  limiting  the  issue  of  stock  and  bonds.  Is  there  any  logical 
reason  why  a  valuation  for  this  purpose  should  not  also  serve — as  far 
as  it  pertains — as  a  basis  for  taxation  or  for  regulating  freight  rates? 
As  far  as  the  State  is  concerned — and  to  be  consistent — should  not 
"one"  valuation  serve  all  purposes? 

Suppose  that  a  State  should  create  a  board  clothed  with  powers 
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Mr.  of  rate  regulation,  taxation,  and  authority  to  restrict  indebtedness, 
Thompson.  ^^^  ^Ig^  prescribe  that  it  should  appraise  the  value  of  the  property  of 
the  railroads,  and  use  that  appraisal  as  the  basis  for  its  acts.  Would 
it  be  logical  for  that  board  to  make  and  apply  one  system  of  valua- 
tion for  one  purpose  and  another  system,  for  another  purpose? 
Manifestly,  it  would  have  declared  that  a  valuation  was  a  "valua- 
tion" for  all  purposes,  at  least  as  far  as  the  physical  property  was  con- 
cerned; and,  when  devising  a  method  for  making  its  appraisals,  it 
should  incorporate  therein  all  the  elements  of  value  which  might 
apply  logically  to  either  purpose.  The  writer  believes  that  "depre- 
ciation" of  roadbed  and  structures  would  have  no  place  in  such 
an  appraisal,  on  the  one  hand,  nor  its  negative,  but  fully  as  intangi- 
ble and  difficult  of  concrete  estimate,  "adaptation  and  solidification 
of  roadbed,"  on  the  other. 

It  should  not  be  understood  that  the  writer  maintains  that  taxa- 
tion boards  should  not  go  beyond  the  valuation  of  physical  property 
to  arrive  at  a  final  basis  for  assessment.  There  are  certain  intangible 
elements  which  should  be  taken  into  consideration  when  taxing  prop- 
erty, chief  of  which  is  the  net  income.  It  is  only  as  far  as  physical 
valuations  apply  in  either  case  that  he  considers  that  there  should 
be  uniformity. 

He  does  not  approve  at  all  of  incorporating  in  an  estimate  of  the 
physical  value  of  a  railroad  property  such  an  element  as  "adapta- 
tion and  solidification  of  roadbed,"  which  is  credited  with  so  much 
importance  in  the  Minnesota  valuation.  In  the  first  place,  such  an 
element  is  incapable  of  being  measured  in  tangible  terms  and  reduced 
to  a  dollars-and-cents  basis;  second,  it  cannot  be  reproduced  in  the 
sense  that  other  property  is  reproduced,  and  its  value  does  not  appear 
in  the  capital  account  of  the  railroad;  and  third,  it  results  from  the 
action  of  the  seasons  on  the  one  hand,  and  the  working  over  of  the 
roadbed  by  the  maintenance  forces  on  the  other,  the  cost  of  which 
appears  in  operating  expenses.  One  is  constrained  to  believe  that  the 
engineer  who  insists  on  incorporating  such  an  element  in  an  ap- 
praisal of  the  physical  value  of  a  railroad  is  hard  put  to  find  material 
with  which  to  swell  his  estimate.  When  noting  the  large  difference 
in  value  per  mile  of  the  railroads  of  Minnesota,  as  compared  with 
those  of  Michigan  and  Wisconsin — adjoining  States — it  would  appear 
that  undue  prominence  had  been  given  to  this  and  similar  factors. 

The  writer's  experience  as  appraising  engineer  for  more  than  10 
years  with  tlie  Texas  Railroad  Commission,  and  for  the  past  2  years 
as  a  construction  engineer — having  built  about  160  miles  of  railroad 
in  Oklahoma  and  Texas — confirms  his  belief  that,  in  the  absence  of 
actual  figures  of  cost,  right  of  way  and  other  railroad  real  estate  should 
be  appraised  at  but  little  in  excess  of  the  market  value  of  abutting 
property.  The  practice  of  the  Texas  Commission  has  been  to  add  from 
25  to  50  per  cent.     The  conditions  under  which  railroads  were  built 
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in  Michijran,  Wisconsin,  Iowa,  and  Minnesota  cannot  have  been  radi-  Mr. 
cally  different  from  those  in  the  Southern  and  Western  States.  In 
Texas  it  has  been  a  rare  instance  when  a  railroad  has  had  to  purchase 
all  of  its  right  of  way.  Also,  contiguous  lands  have  greatly  increased 
in  value  since  the  advent  of  the  railroads.  It  would  appear  highly 
illogical  to  advocate  that  these  increased  values  should  be  multiplied 
by  3— or  even  li — and  used  as  a  basis  for  taxing  the  railroads  on  the 
one  hand,  or  taxing  the  public  on  the  other,  by  permitting  indebted- 
ness to  be  issued  against  it,  the  interest  on  which  the  latter  must  pay. 
The  railroad  recently  constructed  by  the  writer  traversed  fertile  and 
thickly  populated  areas,  already  quite  well  served  with  transportation 
faciliticp.  Only  a  small  fraction  of  the  necessary  real  estate  was 
purchased  by  the  railroad  company,  and  only  in  a  few  cases  of  such 
purchase  did  it  pay  largely  in  excess  of  the  market  value  of  the  land — 
and  these  were  where  the  road  interfered  with  houses  and  other  farm 
improvements.  In  cities  and  towns,  land  was  acquired  at  practically 
its  fair  market  value.  For  rural  property,  the  ratios  used  by  Professor 
Taylor  in  the  Wisconsin  appraisal  appear  to  be  quite  fair,  but  in 
cities  they  are  too  high — especially  for  the  Southwest.  The  Minne- 
sota  ratios   appear   to   be  unreasonably  high. 

Any  appraisal  of  the  physical  value  of  railroads — in  the  absence 
of  figures  as  to  their  actual  cost — is  necessarily  only  approximate,  and 
is  correct  only  within  certain  limits.  Especially  with  regard  to  the 
old  roads,  where  original  cost  data  cannot  be  had,  the  values  applied 
to  property  and  construction  must  be  largely  speculative.  It  is  im- 
possible to  build  two  railroads  in  the  same  territory,  on  the  same  speci- 
fications, for  the  same  amount;  yet,  on  the  basis  of  cost  of  reproduc- 
tion, an   appraisal  board  must  apply  the  same  value  to  each. 

The  writer  believes  that  unless  there  is  more  uniformity  as  to 
methods  of  valuing  corporation  property,  as  between  the  States,  all 
valuations  will  be  more  or  less  discredited,  as  they  should  be,  by  the 
Courts.  It  is  to  be  hoped  that  this  paper  will  be  generally  discussed 
by  the  Profession,  and  will  lead  to  the  adoption  of  more  uniform 
methods. 

Charles  H.  Ledlie,  M.  Am.  Soc.  C.  E.   (by  letter).— The  follow-     Mr. 
ing  is  suggested  as  a  method  of  procedure  for  determining  the  fair  and  i'*^'^'*^- 
equitable  value  of  a  property: 

1st. — Examine  carefully  the  statutes  governing  corporations  of  the 
class  under  examination. 

2d. — Form  an  opinion  as  to  whether  or  not  the  locality  can  sup- 
port such  a  property,  by  inquiry  regarding  the  different  businesses  car- 
ried on,  bank  clearings  railroad  facilities,  what  the  surrounding 
country  produces,  etc. 

3d.— Find  from  the  archives  of  th5  company  a  general  descrip- 
tion of  the  property,  from  its  conception  to  the  date  of  appraisement. 
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Mr.  4tli. — ^By    close   examination    of   the   minute  books,    directors    and 

'^'  executive  committees,  there  can  be  ascertained  all  the  details  of  organ- 
ization, issuing  of  stock,  bonds  and  other  forms  of  indebtedness,  con- 
tracts for  equipment,  supplies  used   in  the  construction,  etc. 

5th. — Obtain  from  the  general  manager  or  the  superintendents  an 
explanation  of  the  details  of  operating  and  maintaining  the  property, 
including  the  different  classes  of  service,  rates,  etc. 

Gth. — Go  over  the  property,  examine  it  carefully,  and  talk  to  any 
and  all  employees  from  whom  it  is  thought  that  any  information 
can  be  gained. 

The  foregoing  will  give  a  general  knowledge  of  the  property  under 
examination,  and  will  enable  one  to  begin  the  real  work.  The 
examiner's  assistants  must  be  competent  and  experienced  men. 

7th. — Examine  all  the  vouchers,  from  the  beginning  of  the  com- 
pany down  to  the  date  it  began  operation ;  classify  their  contents 
under  the  respective  heads  for  the  different  classes  of  material  used 
in  the  construction,  for  example,  pipe,  engines,  cable,  etc.;  then  pre- 
pare blank  tables  for  each  heading,  having  columns  for  size,  quantity, 
prices,  and  total;  and  abstract  each  voucher.  Do  the  same  with  the 
vouchers  for  labor,  general  office  salaries,  general  expenses,  interest, 
taxes,  legal,  etc.  This,  when  completed,  will  give  the  detailed  cost, 
as  shown  by  the  vouchers. 

Next  check  the  vouchers  back  through  the  books,  and  draw  up  a 
statement,  which  will  show  the  total  book  cost  and,  no  doubt,  will 
differ  from  the  voucher  total.  It  is  likely  that  many  items  will  be 
found  for  which  no  vouchers  exist,  a  list  of  these  is  made  and  if  the 
officers  cannot  give  a  satisfactory  explanation  of  any  of  them  they 
are  omitted.  The  total  of  what  remains  is  added  to  the  voucher  total 
and  represents  the  cash  expended  for  the  benefit  of  the  original  prop- 
erty, as  shown  by  the  books  and  vouchers. 

8th. — Take  all  the  remaining  vouchers  of  the  company  (it  is 
supposed  that  the  examiner  has  already  been  informed  by  the  officers, 
and  by  his  inspection  of  the  records,  of  the  extensions  and  better- 
ments which  have  been  made),  separate  the  vouchers  for  materials, 
labor,  etc.,  from  those  on  operating,  etc.  Next  classify  them  by  years, 
and  then  proceed  as  set  forth  in  7th,  and  add  the  different  yearly 
amounts  to  the  total  of  the  original  plant.  This  will  show  the  amount 
of  cash  expended  (according  to  the  vouchers  and  books)  on  the  prop- 
erty, for  its  physical  plant,  organization,  etc.,  from  its  beginning  to 
the  date  of  appraisement. 

Every  examining  engineer  should  know  (or  can  obtain)  the  prices 
for  materials,  labor,  etc.,  during  these  periods  of  original  construction, 
extension,  etc.  If  the  prices  are  the  same,  or  about  the  same,  as 
at  the  time  of  purchase,  the  above  total  stands  as  the  cash  expended; 
if  there  should  be  much  difference — and  sometimes  there  is — take  the 
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detail  of  the  materials  as  found  in  the  vouchers,  affix  the  proper  prices,  Mr. 
and  do  the  stuno  with  labor,  etc.,  and  this  total  will  be  what,  in  the  ^®^"^' 
judgment  of  ihe  examining  engineer,  the  plant  should  have  cost.  A 
mean  between  this  latter  total  and  that  in  8th  is  taken,  in  order 
to  be  fair  and  equitable.  This  amount,  in  place  of  that  given  by  8th, 
is  then  used  as  the  cash  expended  on  the  physical  property.  If  no 
difference  is  found  in  prices,  then  the  total  cash  as  shown  by  8th  is 
considered  as  the  total  to  be  hereafter  used. 

9th. — A  careful  detailed  inventory  is  now  made  of  the  physical 
property  as  it  exists  at  the  date  of  examination.  This  often  requires 
some  excavation  in  order  to  determine  sizes,  quantities,  and  condi- 
tions. The  prices  used  to  ascertain  the  total  of  the  inventory  are 
made  by  taking  the  average  of  all  those  paid  for  materials,  labor, 
etc.,  of  the  same  class,  during  each  year  of  the  property's  existence. 
(The  writer  considers  it  manifestly  unfair  to  use  the  current  prices 
in  this  calculation,  for  they  may  be  very  much  below  or  above  those 
actually  paid,  and  in  either  event  an  injustice  would  be  done,  whereas, 
if  the  average  prices  are  used,  the  examiner  cannot  be  accused  of  un- 
fairness.) To  this  total  cost,  as  shown  by  the  inventory,  5%  is  added 
for  engineering  and  superintendence;  3%  for  general  office  salaries, 
2%  for  general  expenses,  li%  for  legal  and  organization  expenses, 
and  from  5  to  10%  for  contingencies.  (This  latter  percentage  depends 
on  the  jud^Tnent  of  the  examiner,  who,  after  studying  the  local 
conditions  carefully,  can  determine  from  his  own  experience  what  dif- 
ficulties have  been  met  in  the  construction.  It  is  not  believed  that 
a  hard-and-fast  rule  can,  in  equity,  be  laid  down  for  this  latter 
percentage.)  This  total  represents  the  value  of  the  tangible  property, 
based  on  the  inventory.  The  inventory  cost  and  that  set  forth  in  8th 
(or  possibly  as  modified  by  prices  current  when  the  plant  was  built) 
are  averaged,  and  this  result,  plus  the  supplies  on  hand,  is  the  fair  and 
equitable  amount  of  cash  which  has  been  expended  on  the  property. 
This  is  used  in  fimliiii^-  the  'Tair  and  Equitable  Value." 

10th. — Next  take  the  inventory  of  the  plant  set  forth  in  9th,  affix 
the  current  prices  at  the  date  of  appraisal,  and  to  this  total  add  the 
same  percentages  for  engineering,  etc.,  as  set  forth  in  9th.  This  gives 
the  cost  of  rei)roducing  the  property,  with  the  same  classes  of  ma- 
terials, size  and  make  of  engines,  etc.,  as  is  now  in  it,  to  which  total 
add  the  cost  of  materials  on  hand  for  the  total  of  cash  required  to 
be  expended  at  current  prices  to  reproduce  the  plant  as  it  exist.s. 

It  is  often  found  that  this  latter  total  is  grcat<>r  than  that  set 
forth  in  8th,  for  the  ret'son  that  the  engines,  etc.,  may  be  of  types  which 
are  now  abandoned  or  obsolete,  and  the  manufacturing  company, 
having  to  make  patterns,  etc.,  would  charge  more  for  them  than  the 
original  price  at  the  date  of  purchase. 

This  reproduction  cost  at  current  prices  is  only  to  give  the  examiner 
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Mr.     information  he  may  or  may  not  require  later  in  the  investigation  to 
c     ■  determine    some   point    that    might    arise    in    ascertaining   the    "Fair 
and  Equitable  Value." 

The  writer  considers  it  unfair  to  call  the  reproduction  value  the 
cost  of  a  modern  plant  which  will  give  the  same  service  and  output, 
because  one  is  not  dealing  with  the  value  of  a  modern  plant,  but  with 
that  of  an  existing  property. 

11th. — From  this  cost  (using  the  detailed  inventory  to  find  the 
extent  of  property  still  in  existence),  calculate  the  amount  of  deprecia- 
tion for  each  section  of  the  plant,  this  being  based  on  the  present 
condition  of  the  different  parts  and  what  their  future  life  may  be. 
The  total  depreciation  is  then  deducted  from  the  result  found  in  9th, 
and  this  remainder  is  used  as  the  "Fair  and  Equitable  Value"  of  the 
tangible  property  at  the  date   of  appraisal. 

The  intangible  value   (called   by  many  names)    must   now   be   de- 
termined.    It  consists  of  rights,  from  the  State,  county,  city,  or  any 
one   or  more  combined,   which   the  company   must  have   in   order  to 
carry  on  its  business.     These  rights  in  nearly  all  States  are  taxable, 
and  taxes  are  collected  on  them.     The  Supreme  Court  of  the  United 
•    States  has  in  the  past  held  that  they  are  property,  notwithstanding 
what   State  "Courts   and   Commissions"  have   set   forth  on   this   sub- 
ject, and  in  the  writer's  examinations  they  will  be  treated  as  property 
until  the  Supreme  Court  of  the  United  States  decides  otherwise. 
There  are  in  general  three  classes  of  franchises,  namely: 
I. — Those    granted    by    the    State   to    conduct    a   business,    where 
no  county  or  city  franchise  is  necessary,  only  requiring  the 
company   to   obey   the   ordinances   for   excavation,   etc.      The 
charter  of  the  Laclede  Gas   Company,  of  St.  Louis,  Mo.,   is 
an  example  of  this  class. 
II. — Those   granted    by    the    State   to    carry    on    a    business    sub- 
ject to   a  county   or   city   franchise. 
III. — Those  granted  by  a  city  to  an  individual,  singular  or  plural, 
or  a  company,  to  do  business  within  its  limits  or  a  section 
thereof. 
In  each  case  the  right  may  be  a  contract,  for  it   may  require  a 
payment  for  the  franchise  granted,  either  in  a  lump  sum  or  in  yearly 
installments,  or  in  the  form  of  services  rendered,  such  as  for  light, 
etc.,  free  service  of  some  kind,  or  a   combination  of  any  two  or   all 
of  them. 

The  manner  of  determining  the  value  of  "Intangible  Property"  is 
as  follows : 

11th.- — (a)  The  gross  collected  earnings  are  audited  for  each 
year  during  the  period  the  company  has  carried  on  its  business.  The 
same  is  done  for  all  vouchers,  i.  e.,  operating,  maintenance,  salaries, 
legal,  general  expenses,   interest,   insurance,   and   taxes,    and   includes 
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every  item  disbursed.     Whatever  this  latter  amounts  to,  is  deducted     Mr. 
from  each  year's  gross  earnings  as  already  found,  and  the  result  is 
the  true  net  earnings  or  deficit  for  each  year. 

(6)  The  true  net  earnings  are  added  together  and  the  mean  taken; 
if,  in  the  period  from  the  beginning  to  the  date  of  appraisement,  any 
deficits  are  found,  these  are  deducted  from  the  total  of  the  plus- 
earnings,  the  result  is  divided  by  the  total  number  of  years,  and  this 
gives  the  true  average  net  earnings.  This  is  then  capitalized  at  the 
legal  rate  of  interest  of  the  State  in  which  the  property  is  located. 
The  result  is  used  as  the  value  of  the  "Intangible  Property." 

12th. — The  amount  given  by  11th  is  added  to  the  result  obtained 
by  9th,  and  this  total  is  the  "Tangible  and  Intangible  Value"  of  the 
property,  and  the  "Fair  and  Equitable  Value"  of  the  property  at 
date  of  appraisement. 

If  it  is  found  that  grave  mistakes  in  design  or  judgment  have 
been  made  by  not  employing  competent  people,  and  money  has  been 
wasted  in  construction,  the  plant  is  re-designed,  for  the  original  plant, 
and  its  cost  estimated.  The  same  is  done  for  each  extension,  iising 
the  prices  paid  at  the  different  periods,  and  this  result  is  used  in 
place  of  9th,  as  the  cash  cost  at  the  date  of  appraisement. 

In  determining  the  intangible  value,  if  it  is  found  that  the  manage- 
ment has  been  careless  in  order  to  make  large  net  earnings,  at  the 
expense  of  the  physical  property,  estimates  are  made  of  what  the 
property  can  be  operated  and  cared  for  (here  the  practical  knowledge 
of  operation,  etc.,  is  necessary-),  and  these  results,  plus  taxes,  etc., 
are  subtracted  from  each  year's  collected  earnings.  The  mean  or 
average  of  these  results  is  considered  as  the  true  net  earnings,  which 
are  capitalized  and  added  as  set  forth  in  12th. 

The  writer  holds  that  consumers  or  purchasers  should  not  pay 
for  avoidable  error  or  ignorance,  and  the  amount  of  the  securities 
issued  on  the  property  is  not  considered  as  entering  into  the  matter 
of  "Fair  and  Equitable  Value";  when  they  do,  the  method  is  some- 
what different. 

The  mean  true  net  earnings  are  used  in  determining  the  intangi- 
ble value  because  franchises  have  average  values,  as  earnings  and 
expenses  fluctuate  in  corporations,  and,  when  intangible  values  are  to 
be  considered,  they  must  not  be  based  on  the  last  year's  net  earnings, 
for  if  they  are,  they  may  give  a  very  large  result  in  one  year  and  a 
small  one  in  the  next;  therefore,  to  be  fair,  the  mean  true  net  earn- 
ings should  be  the  basis  of  the  intangible  value.  If  the  company  has 
been  over-capitalized,  and  no  sinking  fund  or  depreciation  has  been 
set  aside,  it  is  the  present  owner's  misfortune.  If  the  company  calls 
something  a  betterment,  and  it  is  found  that  the  betterment  has 
only  replaced  something,  it  is  not  allowed,  but  is  classed  as  main- 
tenance; on  the  other  hand,  if  the  replacement  is  larger,  and  capable 
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Mr.  of  rendering  greater  results,  such  as  a  larger  engine,  pipe,  cable,  etc., 
the  cost,  less  the  cost  of  what  it  replaces,  is  allowed  as  a  betterment, 
and  if  the  old  part  is  sold  the  proceeds  are  deducted  from  the  better- 
ment charge,  for  if  it  is  credited  to  maintenance,  it  increases  the 
true  net  earnings.  This  is  often  done,  but  is  not  the  correct  way 
to  treat  the  matter,  for  it  increases  the  intangible  value. 

13th. — When  new  rates  are  to  be  established  for  a  period  of  future 
years,  the  manner  of  determining  the  "Fair  and  Equitable  Value" 
is  the  same  as  has  been  heretofore  set  forth.  The  new  rates  are  based 
on  averages,  and  the  first  step  necessary  is  to  ascertain  what  gross 
revenue  the  company  must  have  in  order  to  pay  all  classes  of  operat- 
ing expenses,  maintenance,  depreciation,  taxes,  interest  on  the  "Fair 
and  Equitable  Value"  of  the  property,  and  a  reasonable  profit. 

To  obtain  this  amount,  the  procedure  is  as  follows: 

(a)  Find  the  percentage  of  increase  of  the  operating  expenses 
for  each  year  over  the  prior  one,  for  a  period  of  generally  five  years 
preceding  the  date  of  examination  (a  longer  time  may  be  taken  if, 
in  the  opinion  of  the  examiner,  it  is  necessary),  and  then  ascertain 
the  average  annual  increase  of  the  percentages.  The  result  thus 
obtained  is  taken  as  the  increase  percentage  for  the  operating  expenses 
for  the  new  period  of  time. 

(&)  In  order  to  determine  what  the  operating  expenses  will  average 
during  the  time  the  new  contract  is  to  run,  take  the  amount  of  the 
last  year's  operating  expenses  as  a  basis  and  add  to  it  the  percentage 
found  by  (a).  This  total  is  the  operating  cost  for  the  first  year  of 
the  new  contract.  The  amount  for  the  second  year  is  found  by 
adding  to  the  cost  of  the  first  year  the  percentage  found  by  (a),  and 
so  on  for  each  year  of  the  new  period.  These  results  are  added  to- 
gether and  their  average  is  then  used  as  the  mean  cost  of  operation 
for   each   year   during   the   full   period. 

(c)  The  same  method  is  followed  for  maintenance  and  taxes,  in 
order  to  find  the  average  maintenance  and  taxes  for  the  new  con- 
tract's life. 

(d)  Depreciation  on  the  plant  begins  from  the  date  of  appraise- 
ment, and  is  estimated  on  the  physical  property  by  using  for  each 
section  the  percentages  used  in  determining  the  "Fair  and  Equitable 
Value." 

(e)  Interest  at  the  rate  of  6%  is  allowed  on  the  "Fair  and  Equit- 
able Value,"   and  6%  profit. 

The  question  of  extensions  and  betterments  to  the  original  plant 
must  now  be  taken  into  consideration. 

(f)  The  amount  of  the  betterments  and  extensions  have  already 
been  found  for  each  year  of  the  property's  existence,  and  an  average 
of  them  is  taken  as  the  amount  the  company  will  spend  on  exten- 
sions, etc.,  during  each  year  of  the  new  contract.     On  this  sum  6^ 
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interest  and   6%   profit   is   allowed,   and,   for  depreciation,   the   same    Mr. 
pcroontnp-e   as   used   in   the   original  plant.  Lediie. 

Ft  will  be  seen  that  all  the  expenses  of  operation,  etc.,  of  these 
extensions  have  been  allowed  in  (h),  where  the  increase  has  been 
added  for  each  year  for  these  extensions  and  betterments,  as  they  are 
assumed  to  increase  the  cost  of  operation,  etc. 

(g)  The  amounts  found  by  (&),  (c),  (d),  (e),  and  (f)  are  now 
added  together,  and  to  the  sum  5%  is  added  for  interest,  taxes,  opera- 
tion, etc.,  which  may  be  caused  by  the  necessary  increase  in  capital 
expenditures,  for  a  greater  growth  than  could  be  foreseen  at  the  time 
the  now  rates  were  established,  for  losses,  etc.  This  total  is  used  as 
the  basis  for  establishing  the  new  schedule  of  rates. 

14th. — The  next  step  is  to  determine  what  part  of  the  amount 
found  by  (g)  must  be  paid  by  the  different  classes  of  consumers. 

(I)  First  ascertain  the  yearly  percentage  of  increase  in  the  out- 
put of  the  plant  for  the  five  years  before  the  new  contract  is  to  go 
into  effect  (or  longer  if,  in  the  opinion  of  the  examiner,  it  is  neces- 
sarj')  ;  then  find  the  average  increase  of  percentage  during  the  before- 
mentioned  five  years.  Add  to  the  last  year's  output  the  percentage 
found  above,  this  result  representing  the  output  for  the  first  year  of 
the  new  contract.  Continue  this  operation  for  each  year  in  the 
same  way  as  the  operating  expenses  were  found  in  13th  (b).  The 
average  of  these  results  will  be  the  average  estimated  output  during 
the  life  of  the  new  contract. 

(II)  Next  find  the  amount  of  the  total  output  each  class  of  con- 
sumers used  during  each  of  the  five  years,  and  then  find  the  average 
yearly  use  during  this  period.  Put  these  into  percentages  of  the 
amount  of  the  average  output  for  the  five  years,  and  then  use  the 
percentages  as  the  amount  each  class  of  consumer  will  use  of  the 
average  output  found  in  (I)  during  the  period  of  the  new  contract. 

This  gives  the  average  amount  of  the  output  each  class  of  con- 
sumers will  use  during  the  average  life  of  the  new  contract. 

(III)  Next  find  the  average  percentage  of  the  total  revenue  each 
class  of  customers  paid  during  the  five  years.  Take  these  percentages 
as  the  average  percentage  each  class  will  pay  of  the  average  revenue 
necessary  during  the  time  the  new  contract  is  to  run. 

(IV)  Having  found  the  average  amount  of  the  required  revenue 
that  each  class  must  pay,  and  the  average  amount  of  the  total  out- 
put each  class  will  use,  dividing  the  former  by  the  latter  for  each 
case  will  give  the  rate  each  class  is  to  pay  during  the  new  period. 

It  is  often  found  in  plants  that  large  extensions  have  been  made 
to  supply  a  special  contract  for  a  long  period  of  time,  and  these  exten- 
sions are  set  aside  for  the  exclusive  use  of  this  contract.  In  such 
cases  exclude  the  cost,  etc.,  of  this  part  of  the  plant  from  the  "Fair 
and  Equitable  Value"  in  the  matter  of  adjustment  of  rates. 
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Mr.  In  determining  the  operating  expenses,  etc.,  in  such   a  case,  find 

'®'  the  percentage  of  the  total  output  this  special  output  amounts  to;  then, 
using  this  percentage,  find  what  part  of  the  total  power-house  expenses 
of  all  kinds  are  caused  by  this  special  contract.  This  result  is  deducted 
from  the  total  power-house  expense,  and  the  remainder  is  the  power- 
house cost  of  furnishing  the  consumers  with  their  share  of  the  total 
output.  If  it  is  found  that  special  employees  are  required  to  deliver 
this  special  output,  their  cost  is  deducted,  and  the  same  for  the  main- 
tenance material  used.  Taxes  and  interest  on  the  cost  of  this  special 
equipment  are  found  by  ascertaining  the  percentage  this  cost  of  the 
special  equipment  bears  to  the  whole  plant. 

The  above  results  are  deducted  from  the  total  operating,  main- 
tenance, taxes,  and  interest  disbursements,  and  "Fair  and  Equitable 
Value,"  and  the  remainders  are  used  as  the  cost  of  the  last  year's 
expenses  for  furnishing  the  consumers  with  their  share  of  the  product 
and  the  "Fair  and  Equitable  Value." 

Tlie  same  method  is  used  in  determining  the  revenue  paid  by 
the  consumer. 

The  above  result,  i.  e.,  cost  of  operating,  etc.,  is  then  used  as  the 
basis  for  estimating  the  expenses  for  the  period  of  the  new  con- 
tract, as  heretofore  set  forth. 

If  the  charter  comes  under  Class  II  or  III,  the  city  no  doubt 
has  incorporated  a  clause  for  the  adjustment  of  rates,  and  the  method 
used  above  is  followed. 

15th. — Where  the  franchise  has  expired  and  is  going  to  be  renewed, 
the  same  method  holds. 

16th. — Where  the  franchise  has  expired  and  the  city  has  paid 
a  certain  amount  for  service,  and  is  to  buy  the  property,  the  same 
method  is  used,  except  in  determining  the  intangible  value.  For 
determining  the  latter,  the  amount  the  city  pays  for  service  is  deducted 
from  the  gross  collected  reveniie.  From  expenses  is  deducted  the 
same  percentage  as  the  amount  of  the  city's  payment  is  of  the  gross 
revenue;  a  net  revenue  is  found  from  this,  the  taxes  paid  are  de- 
ducted, the  remainder  is  capitalized  as  heretofore  set  forth,  and  is 
the  intangible  value.  Whatever  the  latter  amounts  to  is  added  to 
(or  deducted  from,  in  case  of  deficit)  the  "Fair  and  Equitable  Physical 
Value,"  and  the  result  is  the  price  the  city  should  pay. 

Cities  generally  claim,  and  so  do  their  "experts,"  that  they  should 
only  pay  junk  value,  or  the  cost  of  a  modern  plant  to  give  the  same 
results.  This  is  eminently  unfair,  because  the  city  buys  a  property 
which  is  in  full  operation  and  it  receives  the  full  revenue,  in  addi- 
tion to  obtaining  service  for  itself  at  a  less  cost  than  it  heretofore 
paid.  The  difference  between  the  cost  to  the  city  of  furnishing  the 
service  itself,  and  what  it  paid  the  company,  is  profit,  but  there  is  a 
charge  against  this  of  loss  in  taxes.     These  two  latter  items,  namely, 
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profit  and  taxes,  generally'  balance  each  other,  although  the  writer  has     Mr. 
known  of  cases  where  the  city  was  the  gainer.  Ledhe. 

There  are  many  points  which  can  be  advanced  to  establish  the 
fairness  of  the  methods  outlined  herein,  but  they  would  take  some 
time  to  explain,  and  therefore  the  writer  has  only  set  out  the  plan  he 
follows  in  his  examinations,  hoping  that  it  may  be  of  some  aid  in 
establishing  a  uniform  method  which  will  be  upheld  by  the  Courts. 

It  may  be  stated  that  recently  this  method  was  used  in  an  examina- 
tion, going  back  thirty-five  years,  and  the  results  were  accepted  by 
both  sides  without  question. 

The  writer  has  refused  a  number  of  examinations  when  told  in 
advance  what  result  must  be  found,  as  well  as  in  "Expert"  work, 
where  the  examiner  is  expected  to  help  make  a  case,  regardless  of  his 
honest  judgment,  for,  by  accepting  such  work,  the  engineer  hurts 
his  reputation  and  lays  the  Profession  open  to  such  remarks  as  Judge 
Lacombe  recently  made  in  the  case  of  the  Peoria  Water- Works  Com- 
pany vs.  Central  Railway  Company. 

The  writer  is  fast  coming  to  the  conclusion  that  a  great  deal  of 
legal  trouble  is  caused  by  the  decisions  of  commissions,  the  members 
of  which  have  not  had  experience  in  these  matters.  If  a  commission 
consisted  of  an  able  lawyer,  a  financial  man,  and  an  engineer  who 
has  had  a  broad  operating  experience,  its  decisions  would  carry  weight, 
and  the  Courts  would  not  be  burdened  with  so  many  appeals. 

William   G.  Raymond,  M.   Am.   Soc.  C.  E.   (by  letter). — This  is,      Mr. 
perhaps,  the  best  paper  on   the  valuation  of  public  service  property    *J'"^°"'^- 
that  has  yet  appeared.     The  author's  analysis  is  very  clear,  and  his 
arguments    are   convincing.      Three   points   the   writer   would   like   to 
consider;  two  of  them  briefly. 

The  item,  "going  value,"  even  if  it  is  determined  on  logical  reason- 
ing, as  suggested  by  Professor  Mead,  would  seem  to  be  a  dangerous 
item,  and  one  which  might  result  in  absurdities  when  estimated  by 
an  unscrupvdous,  ignorant  person.  Moreover,  the  term  has  been 
differently  defined,  and  there  is  no  certainty  as  to  just  what  it  means. 
The  writer  sees  no  reason  for  the  existence  of  such  a  term,  or  of  such 
a  separate  quantity  as  this  term  is  supposed  to  represent. 

The  term,  "franchise  value,"  or,  "value  of  the  franchise,"  is  used 
to  represent  the  difference  between  the  capitalized  net  earnings  and 
the  value  of  the  physical  property.  Of  course,  there  is  such  a  differ- 
ence, cither  positive  or  negative,  but  there  seems  to  be  some  objection 
by  the  Courts  to  calling  this  "franchise  value."  The  w^riter,  therefore, 
would  suggest  that,  since  franchise  value  is  a  very  elusive  item,  depend- 
ing on  the  life  of  the  franchise,  the  attitude  of  the  community  toward 
the  corporation,  the  activity  of  competing  corporations,  and  numerous 
indeterminate  items,  the  term,  "business  value,"  or,  "going  concern 
value,"  be  used  instead  of  "franchise  value."     "Going  concern  value" 
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Mr.  is  not  as  good  a  term  as  "business  value"  or  "value  of  the  business," 
Raymond,  because  it  may  be  assumed  to  include  both  the  value  of  the  business 
and  the  value  of  the  property.  "Value  of  the  business"  would  pre- 
sumably include  the  value  of  the  franchise,  and  perhaps  would  not 
always  be  represented  exactly  by  the  difference  between  the  capitalized 
net  earnings  and  the  value  of  the  physical  property,  but  would  be  this 
difference  affected  by  some  judgment  percentage  resulting  from  a  con- 
sideration of  the  probable  continuance  of  the  franchise. 

Mr.  Eiggs  has  truly  said  that  the  value  of  the  physical  property 
must  not  be  made  to  depend  on  the  purpose  for  which  the  valuation 
is  made;  that,  for  the  business  for  which  it  is  used,  the  value  of  the 
physical  property  is  the  same,  regardless  of  the  purpose  for  which  a 
valuation  is  desired;  but  valuations  are  made  for  different  purposes, 
and,  while  there  is  room  for  argument  as  to  the  proper  valuation  to 
be  used  for  capitalization,  taxation,  or  sale,  there  are  perfectly  definite 
methods  suggested  for  valuing  property  for  these  purposes.  The 
writer  has  never  seen  a  statement — that  appealed  to  him  as  at  all 
rational — of  a  proper  method  of  valuing  property  for  rate-making. 
Indeed,  the  writer  has  said*  that  "proper  traffic  rates  have  no  relation 
to  valuation  except  that  the  minimum  net  income  should  be  at  least 
sufficient  to  pay  interest  on  the  physical  valuation."  The  writer  is 
not  absolutely  certain  of  the  correctness  of  this  position,  for  a  study 
of  the  public  right  to  regulate  a  corporation  which  is  performing  a 
semi-public  function  seems  to  indicate  that  the  public  has  a  right  to 
say,  not  only  that  rates  shall  be  non-discriminatory,  but  also  that  they 
shall  be  reasonable. 

Now,  the  writer  is  familiar  with  three  bases  for  the  determination 
of  what  constitutes  reasonableness  of  rates.  One,  which  applies  to 
rates  as  a  whole,  is  this :  That  the  net  income  should  produce  not 
more  than  a  reasonable  interest  rate  on  the  actually  invested  capital. 
Another  is  the  rate  that  the  traffic  will  bear,  and  the  third  is  a  rate 
that  represents  what  the  service  is  worth  to  the  purchaser.  Of  course, 
a  difficulty  arises  in  determining  reasonable  rates  on  any  one  of  these 
three  bases. 

The  only  difficulty  with  the  first  one  is  in  determining  what  is 
a  reasonable  interest  rate  on  invested  capital,  and,  as  far  as  the  writer 
has  read,  no  Court  has  yet  determined  what  this  is,  although  some 
Courts  have  held  that  5%  is  a  not  unreasonable  -return,  that  8%  is 
a  not  unreasonable  return,  and,  if  the  writer's  memory  serves  him 
right,  that  even  15%  is  a  not  unreasonable  return. 

There  is  great  difficulty  in  the  determination  of  what  the  traffic 
will  bear.  It  is  a  matter  of  the  exercise  of  judgment  and  of  experi- 
ment, and  must  be  applied  to  a  considerable  extent  to  particular  rates, 
for  particular  commodities,  for  particular  places. 

*  "Elements  of  Railroad  Engineering." 
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The  third  basis  would  seem  to  be  the  most  difficult  to  use,  although  Mr. 
it  is  one  which  has  recently  been  established  in  important  Court  ^^y""""*^- 
decisions,  and  is  mentioned  by  Mr.  Riggs.  What  is  a  monopoly- 
provided  service  worth  to  the  user  or  purchaser?  Suppose  that  a  gas 
company  charges  $1.G0  per  1  000  cu.  ft.  for  gas,  and  a  very  consider- 
able part  of  the  populace  living  in  the  city  served  purchases  gas  at 
this  price.  Presumably  the  purchasers  pay  what  the  service  is  worth 
to  them,  and  what  they  are  willing  to  pay  rather  than  suffer  the 
inconvenience  of  tallow  candles,  oil  lamps,  or  to  pay  a  high  price  for 
electric  lights.  Suppose  that  through  a  period  of  five  years,  by  a 
series  of  reductions  voluntarily  made,  the  price  of  gas  finally  reaches 
$1.15  per  1  000  cu.  ft.  Is  this  gas  worth  any  less  to  the  consumer  at 
the  end  of  the  five-year  period  than  it  was  at  the  beginning?  So  far 
as  the  writer  can  see,  it  is,  for  only  one  reason,  namely,  that  it  can 
be  had  for  less;  but  this  has  been  a  voluntary  reduction  on  the  part 
of  the  supply  corporation,  and  who  shall  say  that  the  service  is  not 
worth  less  than  $1.15  to  the  consumer,  or  who  shall  say  that  it  was 
not  worth  less  than  $1.60  at  the  beginning  of  the  period  suggested? 
The  figures  here  given  represent  an  actual  case  which  has  occurred 
during  the  last  five  years,  within  the  writer's  knowledge.  There  seems 
to  be  a  growing  feeling  among  the  people  that  rates  as  a  whole  must 
be  fixed  so  as  to  yield  only  a  reasonable  return  to  the  corporation,  and, 
apparently  only  for  want  of  the  suggestion  of  a  better  method,  a  reason- 
able return  has  been  held  to  mean  a  reasonable  return  on  the  capital 
invested.  Believing  that  there  may  be  some  ground  for  the  claim  that 
rates  as  a  whole  should  be  thus  fixed,  and  that  the  return  should  not 
be  unreasonable,  let  us  consider  how  what  is  reasonable  may  be 
determined. 

In  the  first  place,  it  appeals  to  the  writer  that  the  invested  capital 
is  not  the  proper  basis  for  estimating  reasonable  rates.  If  it  shall  be 
finally  established  that  a  corporation  is  entitled  to  realize  only  a 
reasonable  interest  rate  on  the  capital  invested,  there  will  be  no  more 
public  service  corporations  organized;  but,  if  the  reasonableness  of  the 
return  may  be  based  on  the  capital  invested  and  the  business  done, 
there  will  still  be  good  inducement  to  capable  men  to  engage  in  public 
service  business. 

It  would  seem  that  the  rate  of  return  that  is  reasonable  differs  for 
the  capital  invested  and  for  the  business  done — that  is  to  say,  if  the 
capital  invested  is  $1000  000  an  ordinary  investment  return  of  from 
4  to  5%  may  be  sufficient;  and  if  the  business  done  with  this  million- 
dollar  plant  amounts  to  $10  000  000  a  year,  a  reasonable  return  may 
be  10%  or  even  15%  of  the  whole. 

Now,  as  has  been  suggested  by  Mr.  Riggs,  it  is  manifestly  im- 
possible to  capitalize  the  net  earnings  as  a  basis  for  determining 
reasonable  rates,  because  these  net  earnings  are  the  result  of  certain 
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Mr.  rates  already  established,  the  reasonableness  of  which  may  be  in 
Raymond.  quggtiQ^.  ^nd  if,  instead  of  speaking  separately  of  interest  rate  on 
capital  actually  invested  and  profit  rate  on  business  done,  it  is  desired 
to  obtain  a  value  on  which  to  base  reasonable  rates,  the  following  is 
suggested  as  a  method :  Determine  the  physical  value  and  the  annual 
interest  on  this  physical  value  at  an  assumed  reasonable  rate,  say  5% ; 
determine  the  annual  expense  of  conducting  the  business,  and  assume 
a  business  man's  profit  rate,  say  15%,  and  find  the  profit  that  should 
be  earned  on  the  business  done.  This,  added  to  the  total  interest 
charge,  should  give  the  net  income,  over  and  above  operating  expenses, 
that  may  be  considered  reasonable,  and  this  sum,  capitalized  at  any 
given  assumed  reasonable  interest  rate,  would  give  a  value  which 
might  with  reason  be  used  as  a  basis  for  rate-making,  rates  being 
deemed  to  be  reasonable  as  a  whole  which  furnish  from  year  to  year 
a  simple  reasonable  interest  rate  on  this  established  value.  Of  course, 
there  is  no  necessity  for  establishing  such  a  value,  as  the  reasonable- 
ness of  the  rates  will  be  determined  when  it  is  learned  that  they 
produce  not  more  than  a  fair  interest  rate  on  the  actual  physical  value 
of  the  property  plus  a  fair  profit  rate  on  the  business  done. 

This  method  is  not  free  from  the  objection  that  what  is  a  reason- 
able interest  rate  and  what  is  a  reasonable  profit  rate  have  never  yet 
been  fixed,  but  it  is  much  easier  to  fix  these  separately  than  to  fix  what 
is  a  reasonable  return  on  the  capital  actually  invested  or  the  physical 
valuation  of  the  property. 
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Richard  Lamb,  M.  Aim.  Soc.  C.  E. — There  has  been  no  improve-  Mr. 
rncnt  in  materials  or  processes  for  timber  preservation  since  the  Spe- 
cial Committee  on  Wood  Preservation,  of  this  Society,  reported  in  1885, 
Inventors  and  merchants  have  patented  so-called  improvements  on 
the  Burnettizing  or  zinc-chloride  process,  the  Kyanizing  or  bichloride 
of  mercury  process,  the  Thilmany  or  sulphate  of  copper  process,  and 
the  Bethell  or  creosote  in  hermetically-sealed  cylinder  process.  To  an 
engineer  familiar  with  the  business  of  wood  preservation,  these  so- 
called  new  processes  seem  to  have  been  designd  mainly  for  promo- 
tion purposes,  to  secure  a  trade  advantage  rather  than  additional 
efficiency,  or  additional  economy  without  loss  of  efficiency. 

With  the  exception  of  the  business  of  treating  wood  blocks  for 
paving,  none  of  the  new  materials  in  combination  with  the  tried  ones, 
has  made  any  considerable  headway.  It  will  be  conceded  that  the 
Bethell  process,  or  creosote  in  hermetically-sealed  cylinders,  has  ex- 
ceeded all  others  in  general  use  for  preserving  wood  against  all  causes 
of  deterioration.  It  stands  alone  for  use  in  preserving  piles  against 
the   ravages   of   the   Teredo    Navalis.      Opinion   has   not  changed   as 

*  This  discussion  (of  the  paper  by  Walter  Buehlfr,  M.  Am.  Soc.  C.  E.,  rrinted  in  Pro- 
ceedinqx  for  November,  1910,  and  presented  at  the  meeting  of  December  21st.  1910),  is 
printei'l  in  Proceed i tigs  in  order  that  the  views  expressed  may  be  brought  before  all 
members  for  further  discussion. 
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Mr  regards  the  need  of  naphthalene  in  the  creosote  oil  for  this  purpose, 
that  attribute  being  the  main  stable  germicidal  agent  of  creosote  oil. 

The  Burnettizing  or  zinc-cliloride  process  is  still  used  to  a  con- 
siderable extent  for  railroad  ties  where  the  roadbed  can  be  kept  com- 
paratively dry.  This  process  is  cheaper  than  creosote,  and  quite 
effective,  but  the  zinc  chloride  vpashes  out  of  the  wood  in  wet  loca- 
tions. Engineers  who  are  advocating  preservatives  which  contain 
no  antiseptics  or  poisons  should  note  that  zinc  chloride,  bichloride  of 
mercury,  and  sulphate  of  copper  depend  solely  on  poison  to  preserve 
the  wood.  Tar  acids  and  naphthalene  are  the  only  poisons  in  dead  oil 
of  coal-tar.  To  leave  out  these  fractions  from  creosote  would  be  to 
abandon  the  only  known  method  of  preserving  wood,  namely,  poison- 
ing the  bacteria  of  decay.  In  a  paper  on  the  preservation  of  ties, 
before  the  'New  York  Railroad  Club,*  the  speaker  showed  that  creo- 
soted  ties  pay  for  themselves  every  15  years. 

Since  the  presentation  of  the  report  of  the  Special  Committee  of 
this  Society,  creosoted  conduits  which  had  been  in  use  21  years  have 
been  taken  up  and  proved  to  possess  100%  salvage  value;  a  number  of 
these  conduits  have  been  relaid. 

There  no  longer  remains  a  question  as  to  the  feasibility  or  advisa- 
bility of  preserving  wood.  There  is  much  talk  in  the  United  States 
now  about  the  need  of  the  conservation  of  the  forest  supply.  This 
can  best  be  accomplished  by  treating  or  preserving  the  wood  after 
it  is  cut,  so  that  a  less  quantity  will  be  needed  to  meet  our  require- 
ments. Woods  which  without  treatment  would  decay  too  quickly  to 
be  of  commerical  value  become  valuable  when  preserved,  and  engineers 
should  study  well  this  phase  of  the  subject. 

The  conservation  which  should  be  sought  now  is  that  of  the  waste 
from  the  vast  number  of  coke  ovens  in  the  United  States.  We  import 
38  640  000  gal.  of  creosote  oil  per  year  for  wood  preserving,  only  get- 
ting 17  360  000  gal.  from  home  sources.  In  Europe  they  apply  con- 
densing apparatus  to  coke  ovens,  by  which  waste  products  hereto- 
fore lost  are  liquefied,  producing  a  creosote  like  the  distillate  of  coal- 
tar  procured  in  America  from  gas-houses  using  coal.  Much  of  this 
creosote  is  shipped  to  the  United  States. 

In  order  to  determine  the  best  attributes  of  coal-tar  for  preserving, 
the  speaker  knows  of  no  surer  method  than  to  take  samples  of  treated 
wood  of  known  history  and  make  analyses  by  fractional  distillation 
of  the  oil  remaining  in  the  wood.  This  has  been  done  by  the  United 
States  Forestry  Department,  and  the  results  are  recorded  in  Circular 
No.  98. 

The  averages  in  Table  1  have  been  compiled  from  the  Government 
analyses  of  all  tests. 

*  Proceedings,  New  York  Railroad  Club,  February  18th,  1910. 
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The  following  are  the  usually  accepted  fractions  for  the  degrees  of 
heat,  centigrade,  as  recorded: 

Light  naphtha,  up  to 110° 

Light  oil,         }  1        11  J  .  -A     \  110°  to  170° 

^     ,    ,.       .,      r  commonly  called  tar  acids   •{  ^^„o   .     ooro 
Carbolic  oils    )  (  170     to  225 

Creosote    oils 225°  to  270° 

Anthracene  oils  270°  to  360° 

Tar  or  pitch above  360° 

The  Government  officials,  however,  have  selected  an  arbitrary  divi- 
sion for  their  fractions,  as  recorded  in  Table  1.  However,  by  apply- 
ing the  foregoing  commonly-used  divisions,  an  idea  of  the  nature  of  the 
various  fractions  can  be  secured. 

The  tests  showed  that  piles  which  endured  had  been  preserved  by 
an  oil  which  left  in  the  wood  an  average  of  nearly  26%  of  naphthalene, 
and  one  sample  showed  48  per  cent.  They  all  also  had  a  good  per- 
centage of  anthracene,  which  is  undoubtedly  of  equal  importance  with 
naphthalene  as  a  presei'\'ative. 

The  results  of  tests  also  showed  that  from  10  to  12  lb.  of  creosote 
per  cubic  foot  is  ample  for  railroad  ties,  and  that  from  10  to  20  lb. 
is  needed  for  piles,  depending  on  whether  they  are  used  in  the  warm 
waters  of  the  South,  where  the  teredo  is  more  destructive,  or  in  the 
colder  waters  of  the  North,  where  the  season  of  their  boring  is  shorter. 
Naphthalene  and  anthracene  fractions  predominated. 

The  average  quantity  of  creosote  taken  from  paving  blocks  which 
had  been  in  use  20,  29,  and  34  years,  was  16.14  lb.  The  naphthalene 
and  anthracene  percentages  were  conspicuously  large. 

Tar  acids  or  volatile  oils  are  strong  antiseptics.  Although  their 
stay  in  the  W(jod  is  comparatively  short,  they  exert  an  antiseptic 
influence  on  the  bacteria  of  decomposition,  and  render  a  valuable 
service  thereby.  The  speaker  is  convinced,  however,  that  we  have  all 
the  antiseptics  needed  in  the  naphthalene  and  anthracen9  which  remain 
in  the  wood,  and  that  not  more  than  1.5%  of  tar  acids  should  be  ad- 
mitted in  the  creosote  oil  used  for  wood  preservation. 
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Mr.  While  it  is  important  not  to  accept  any  oils  distilling  below  150° 

Lamb,  cent.,  in  order  to  avoid  the  carbolic  or  tar  oils,  which  evaporate  from 
the  wood,  it  is  equally  important  that  no  product  of  distillation  should 
be  accepted  above  360°  cent.  This  product  represents  simply  pitch, 
which  has  no  antiseptic  qualities  or  ability  to  preserve  the  wood,  other 
than  to  caulk  the  pores.  This  pitch  is  practically  the  same  as  that 
in  heart  pine,  and  will  not  preserve  the  wood  longer  than  the  natural 
pitch,  so  far  as  it  acts  as  a  germicidal  agent.  It  requires  high  heat 
to  keep  it  sufficiently  liquid  to  enable  it  to  be  injected  into  the  pores 
of  the  wood.  This  heat  breaks  down  the  fiber  tissues,  and  takes  the  life 
out  of  the  wood.  Persons  familiar  with  kiln-drying  timber  know  that 
if  it  is  dried  at  280°  Fahr.,  it  becomes  too  brittle  to  dress.  Where 
blocks  have  been  treated  with  pitch,  or  oil  of  high  specific  gravity, 
say,  1.10  or  1.12,  and  laid  in  places  where  the  foundations  were  not 
solid  or  the  blocks  not  rigidly  held,  as  in  the  case  of  a  certain  bridge 
in  Brooklyn,  and  the  floors  on  the  ferry-boats  of  the  Central  Rail- 
road of  New  Jersey,  the  blocks  will  be  found  to  be  split  almost  into 
splinters.  In  a  bridge  in  Baltimore,  in  which  the  conditions  were 
similar  to  those  in  the  bridge  just  referred  to,  blocks  of  short-leaf  pine 
treated  with  regular  creosote  oil  were  laid  6  years  ago,  and  are  as 
good  to-day  as  when  laid,  in  spite  of  the  very  heavy  traffic  which  it 
has  carried.  Regular  creosote  oil,  having  a  specific  gravity  of  from 
1.03  to  1.07,  was  used  in  treating  those  blocks,  therefore  no  excessive 
heat  was  necessary  to  inject  it,  and  the  wood  remained  intact  as  to 
its  fiber  adhesion,  no  blocks  having  split. 

It  is  contended  by  many  engineers  that  this  pitch  or  oil  of  1.10 
specific  gravity  is  preferable  in  the  case  of  paving  blocks,  because 
it  prevents  the  absorption  of  water.  The  sole  purposes  of  stopping 
the  absorption  of  water  are:  to  prevent  the  alternate  wetting  and  dry- 
ing (which  is  a  primary  cause  of  decay)  and  the  expansion  of  the 
blocks  (which  causes  the  buckling  of  the  pavement).  As  a  matter 
of  fact,  this  heavy  oil  does  not  penetrate  the  blocks  as  thoroughly 
as  the  lighter  creosote  oil,  and  when  they  are  split  for  closure-blocks 
it  causes  the  exposure  of  the  interior  where  the  moisture  can  enter 
the  wood.  However,  if  creosote  oil  will  preserve  the  wood,  it  is  idle 
to  contend  that  the  pitch  is  better  as  a  preservative,  because  it  will 
caulk  the  wood  better  than  creosote  oil.  If  a  paving  block  treated 
with  20  lb.  of  pitch  per  cubic  foot  is  dried,  using  100°  heat  for  24 
hours,  and  is  then  immersed  in  water,  it  will  not  absorb  more  than 
3J%  by  weight.  Creosote  oil  having  a  specific  gravity  ranging  from 
1.03  to  1.07  will  absorb  about  4  or  4J  per  cent.  The  latter,  however, 
penetrates  the  wood  more  thoroughly,  coating  the  fiber,  which  is  the 
part  that  absorbs  the  water  when  the  swelling  of  the  wood  takes 
place. 

The  Lowny  process  is  based  on  the  principle  that  it  is  not  neces- 
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sary  for  the  oil  to  remain  in  the  wood  after  it  has  coated  all  the  pores  Mr. 
thoroughly,  and  moans  are  provided  for  extracting  the  oil  after  it  has  ^'"''• 
been  injected.  Although  the  speaker  does  not  believe  that  this 
patented  process  will  have  very  extended  use,  because  it  is  objection- 
able to  dilute  the  oil  with  the  sap  and  steam  and  then  use  it  over 
again;  yet  the  principle  is  based  on  reasonable  grounds,  for  experience 
has  proven  that  after  a  few  years'  use  one  never  finds  in  the  wood  the 
same  amount  of  oil  as  was  injected  into  it,  and  still  its  life  is  extended 
without   appreciable  deterioration. 

In  regard  to  the  buckling  of  wood  blocks,  the  speaker's  observation 
has  shown  that  when  they  are  treated  with  the  real  creosote  oil,  this 
does  not  occur.  He  has  never  seen  nor  heard  of  the  buckling  of  any 
properly  creosoted  wood  blocks.  On  the  other  hand,  in  a  large  number 
of  cases,  he  has  seen  serious  buckling  with  blocks  treated  with  pitch 
of  1.12  specific  gravity. 

The  kinds  of  creosote  are  dependent  on  the  sources  of  supply,  which 
may  Ke  named  as  follows: 

(1)  Wood  creosote  oil, 

(2)  By-product  coke-oven  distillate, 

(3)  Water-gas  tar  distillate, 

(4)  Coke-oven  distillate,  and 

(5)  Coal-gas  tar  distillate. 

These  are  numbered  in  the  order  of  their  value  as  sources  for  get- 
ting the  oil  containing  the  best  constituents  for  wood  preserving,  as 
determined  from  the  results  of  tests  of  woods  treated,  compared  with 
the  length  of  time  they  would  have  lasted  without  treating. 

The  speaker  was  associated  with  the  Carolina  Oil  and  Creosote 
Company,  probably  the  largest  plant  ever  built  for  distilling  wood 
for  wood  creosote  oil  and  preserving  timber  therewith.  Time  showed 
that  this  oil  could  not  be  depended  on  for  protection,  either  against  the 
teredo  or  decay,  and  the  process  was  abandoned. 

Of  late  years  by-product  ovens  have  been  perfected,  and  the  Otto- 
Iloffman  process  has  been  established  in  America  to  make  various 
products  from  the  distillation  of  coal,  but  because  of  the  high  cost 
of  the  plants,  its  general  introduction  has  been  slow. 

These  by-product  plants  make  coke,  illuminating  gas,  sulphate  of 
ammonia,  and  by-products  of  coal-tar.  The  residuum,  after  the  fore- 
going valuable  products  have  been  extracted,  is  pitch  of  1.12  specific 
gravity,  containing  but  little  naphthalene  and  anthracene.  This  pitch 
is  used  for  roofing  and  water-proofing,  and  one  company,  with  its 
allied  interests,  as  far  as  can  be  ascertained,  has  bought  up  all  the 
output  that  can  be  used  for  wood-block  paving. 

A  committee  of  the  American  Society  of  Municipal  Improvements 
recently  reported  that   an   oil  of  at  least   1.10  specific  gravity,  at   a 
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Mr.    temperature  of  38°  cent.,  should  be  used  for  preserving  paving  blocks; 

*"  ■  and  stated  that  its  investigations  had  shown  that  this  oil  is  not  con- 
trolled by  one  company. 

One  of  the  large  creosoting  companies  manufacturing  paving 
blocks  wrote  to  each  member  of  that  Committee,  stating  that  for  some 
time  this  country,  as  well  as  foreign  countries,  had  been  canvassed 
for  a  delivery  of  100  000  gal.  of  this  oil,  and  it  was  found  that  it  could 
not  be  obtained.  Each  member  was  asked  to  forward  the  names  of 
companies  in  this  country,  in  Canada,  or  other  foreign  countries, 
which  manufacture  this  oil,  and  have  the  capacity  to  furnish  it  in 
large  quantities — from  50  000  to  200  000  gal. — in  a  reasonable  length 
of  time  after  the  order  is  placed.  The  answer  to  this  letter,  signed  by 
the  Committee,  states  in  part: 

"We  might  say,  to  start  with,  that  the  assertion  in  the  report  of 
the  committee  of  the  American  Society  of  Municipal  Improvements 
On  the  subject  of  Wood  Block  Paving  Specifications  that  'investigation 
on  our  part  had  shown  that  the  oil  recommended  was  not  controlled 
by  one  company'  was  made  in  reference  to  wood  block  manufacturers 
only,  and  did  not  relate  to  oil  manufacturers." 

The  only  company  mentioned  which  could  furnish  the  oil  is  the 
one  which  controls  the  output  of  the  1.10  specific  gravity  oil.  This 
company  furnishes  the  1.03  specific  gravity  oil  to  the  creosoting  com- 
pany referred  to,  but  has  always  refused  to  furnish  the  1.10  specific 
gravity  oil. 

The  chairman  of  the  Committee  wrote  that  a  letter  just  received 
from  Dr.  Gellert  Alleman,  Professor  of  Chemistry,  Swarthmore 
College,  states: 

"I  have  no  hesitation  in  stating  that  any  dealer  in  tar  can  fulfill 
the  specifications  to  which  you  refer  by  either  filtering  the  tar  and 
adding  a  certain  proportion  of  creosote  oil  to  it,  or  in  some  cases  by 
adding  creosote  oil  to  the  unfiltered  tar." 

Attention  is  drawn  to  the  speaker's  remarks*  on  this  phase  of  the 
subject  in  his  discussion  on  Chicago  paving  practice. 

One  member  of  the  committee  wrote: 

"I  have  delayed  answering  your  letter  for  the  reason  that  the 
question  of  the  limiting  value  of  the  specific  gravity  of  creosote  oil 
was  referred  to  the  Chairman  of  this  Committee,  and  I,  personally, 
did  not  look  into  this  subject.  Furthermore,  the  time  allowed  this 
Committee  for  the  preparation  of  a  report  did  not  permit  of  an  investi- 
gation into  this  subject  by  each  of  the  members  of  this  Committee. 

The  speaker  has  no  doubt  of  the  good  faith  of  this  Committee,  and 
in  view  of  the  fact  that  the  combination  of  wood-block  manufacturers 
who  can  command  that  special  oil  has  done  practically  all  the  wood- 
block paving  propagation  during  the  past  few  years,  the  members  of 

*  Transactions,  Am.  Soc.  C.  E.,  Vol.  LXVI,  pp.  43-48. 
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the  Committee,  as  well  as  many  of  the  best  engineers,  have  been  misled    Mr. 
in  this  important  engineering  business. 

The  specifications  of  this  Committee  require  that  the  distillate  shall 
not  exceed  2%  up  to  150°  cent.,  and  shall  not  exceed  35%  up  to  315° 
cent.  This  is  strictly  a  call  for  the  by-product  pitch,  and  is  a  bid  for 
an  oil  which  can  be  absolutely  void  of  naphthalene  and  anthracene,  the 
materials  which  engineers  have  depended  on  thus  far  to  preserve  the 
wood.  It  is  begging  the  question  to  say  that  the  kind  of  oil  is  imma- 
terial, because  it  is  expected  that  the  pavements  will  be  replaced  before 
they  would  naturally  have  time  to  rot.  If  this  is  so,  why  specify  other 
than  an  oil  that  experience  has  shown  will  preserve  wood,  unless  it  is 
a  question  of  cost?  As  a  matter  of  fact,  although  creosote  costs  more 
than  pitch,  when  the  Bridge  Department  of  the  City  of  New  York 
specified  for  the  Manhattan  Bridge  the  regular  blocks  treated  with 
creosote  oil,  there  was  a  very  material  drop  in  the  cost  of  the  pave- 
ment under  that  of  former  orders  when  the  1.12  specific  gravity  oil 
was  specified.  Richmond  is  the  only  Borough  of  New  York  City  in 
which  regular  creosote  oil  is  specified.  Learn  what  drop  in  prices 
there  was  when  the  specifications  were  changed  from  1,12  specific 
gravity  oil  to  regular  creosote  oil  blocks,  and  compare  the  higher 
prices  for  similar"  work  done  in  the  other  Boroughs,  which  call  for 
the  heavier  oil, 

"Water-gas  tar  or  pitch  is  as  good  as  the  by-product  oil;  in  fact, 
it  is  very  similar.  It  is  more  plentiful;  any  one  can  buy  it.  In  a 
valuable  paper  by  Charles  N,  Forrest,  Assoc.  M.  Am.  Soc.  C.  E.,  on 
'Treservatives  for  Wood  Paving  Blocks,"*  by-product  tar  and  water- 
gas  tar  are  compared.    He  states: 

"From  the  data  already  presented  there  appears  to  be  no  reason 
why  coal-tar  should  be  better  than  water-gas  tar  for  the  preservative 
treatment  of  wood  paving  blocks,  but  the  following  comparison  of 
creosote  oil  distilled  from  water-gas  tar  with  creosote  oil  distilled 
from  coal-tar  will  undoubtedly  be  of  interest  to  engineers  who  are 
interested  in  the  preservative,  aside  from  the  water-proofing,  features 
of  this  tar." 

The  following  is  the  comparison  of  coal-tar  creosote  and  refined 
water-gas  tar  referred  to : 

Refined 
Coal-tar  water-gas 

creosote.  tar. 

(1)  Original  specific  gravity  at  15°  cent 1.04  1.14 

(2)  Fraction  distilling  below  315°  cent 84.8%  16.00% 

("3)  Fraction  distilling  above  315°  cent 13.8%  54.3% 

(4)  Total  distilling  from  oil 98.6%  70,3% 

(5)  Coke  remaining  in  retort 1.4%  29.7% 

*  The  Engineering  Record,  April  16th,  1910. 
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Mr.  The  comparison  of  the  three  oils  is  as  follows: 

Lamb. 

Coal-tar  called 
Creosote  oil.  creosote.  Water-gas  tar. 

(1)  1.04  1.122  1.14 

(2)  84.8%  34.2%  16.0% 

(3)  13.8%  41.8%  54.3% 


(4)  98.6%  76.0%  YO.3% 

(5)  1.4%  24.0%  29.3% 

In  buying  creosote  oil  for  wood  preservation,  we  seek  to  purchase 
oils  containing  as  little  coke  as  possible.  Note  the  above  percentages 
of  coke.  The  fractions  distilling  below  315°  are  naphthalene  and 
anthracene. 

In  view  of  the  past  failures  of  water-gas  tar  as  a  wood  preservative, 
the  question  is:  What  engineer  wishes  to  specify  that  oil,"  or  what 
company  wishes  to  guarantee  it?  If  it  is  a  hazard  to  use  water-gas 
tar,  why  is  it  not  also  a  hazard  to  use  by-product  tar,  which  is  prac- 
tically the  same?  If  specifications  did  not  demand  that  the  oil  shall 
be  the  product  of  coal,  either  oil  could  be  used  under  the  specifications. 

This  Society  should  appoint  a  Special  Committee  to  investigate 
this  subject  thoroughly  and  independently,  and  compile  specifications 
strictly  from  an  engineering  standpoint. 

The  American  Railway  Engineering  and  Maintenance-of-Way  Asso- 
ciation adopted  specifications  for  creosoting,  demanding  the  best  obtain- 
able grade  of  coal-tar  creosote — the  pure  product  of  coal-tar  distillation, 
free  from  admixture  of  oils  or  other  tars.  It  requires  that  the  creosote 
shall  have  a  specific  gravity  of  at  least  1.03  at  38°  cent. 

The  speaker  believes  that  the  most  desirable  specification  for 
creosote  for  all  wood  preservative  purposes  is  as  follows : 

The  creosote  shall  be  not  less  than  1.03  specific  gravity  at  38° 
Fahr.,  and  not  more  than  1.07  specific  gravity,  the  latter  in  order  to 
insure  thorough  penetration.  A  fractional  distillation,  using  100 
grammes  of  creosote,  shall  show  percentages  of  dry  oil  by  weight  about 
as  follows : 

Up  to  150°  cent.  (302°  Fahr.),  no  distillate. 

Between  150°  cent.  (302°  Fahr.)  and  170°  cent.  (338°  Fahr.),  not 
to  exceed  1.5%. 

Between  170°  cent.  (338°  Fahr.)  and  235°  cent.  (455°  Fahr.),  not 
to  exceed  35%. 

Between  235°  cent.  (455°  Fahr.)  and  300°  cent.  (572°  Fahr.),  not 
to  exceed  35%. 

The  residue  should  be  soft.  The  oil  should  contain  not  less  than 
25%  naphthalene  and  at  least  15%  anthracene  oils.  Of  the  creosote 
oil,  95%  should  be  soluble  in  carbon  bisulphide,  and  equally  in  abso- 
lute alcohol.     This  test  is  to  determine  the  amount  of  coke. 
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Tlie  above   specification   would   have   met   the   requirements   for    a     Mr. 
creosote  as  good  as  any  used  in  the  tests  as  reported  in  the  Government  ^"'*'- 
circular  previously  referred  to. 

If  a  specification  for  creosote  was  standardized  by  this  Society,  the 
coal-gas  manufacturers  would  make  their  creosote  conform  to  it  with 
sufficient  closeness,  and  the  many  bee-hive  coke  oven  operators  could 
be  induced  to  distill  their  waste  product  for  this  specific  oil.  As  it  is 
now,  many  specifications  are  demanded,  and  there  is  no  assurance 
that  any  one  formula  of  oil  a  company  might  produce  would  command 
a  market. 

It  is  a  fact  that  neither  the  by-product  oil  nor  the  gas-tar  oil  has 
been  tried  for  wood  block  paving  for  a  longer  time  than  good  heart 
pine  will  last.  Heart  pine  blocks  have  always  been  specified  when 
by-product  oil  has  been  called  for.  If  real  creosote  is  used,  short-leaf 
pine  can  be  specified,  at  a  saving  in  cost  for  the  wood  of  at  least 
15  cents  per  sq.  yd.  for  blocks  3i  in.  deep. 

Nelson  P.  Lewis,  M.  Am.  Soc.  C.  E.,  in  a  valuable  pamphlet,  has 
given  an  account  of  the  European  practice  in  wood  block  pavement,  in 
which  he  shows  that  European  nations  have  found  the  softer  woods 
more  durable  than  the  harder  ones.  Baltic  pine,  which  is  like  our 
short-leaf  pine,  is  generally  used  abroad. 

Data  concerning  wood  block  pavements  have  been  collected  re- 
cently by  the  American  Society  of  Municipal  Improvements,  from  the 
engineers  of  a  number  of  American  cities.  Under  the  caption,  "What 
Wood  is  Preferred,"  Boston,  Mass.,  reported:  "Short-leaf  pine.  Also 
long-leaf."  Boston  was  the  first  city  in  the  Eastern  States  to  take  up 
modern  wood  block  paving,  all  the  first  blocks  being  made  from  long- 
leaf  pine,  as  nearly  all  heart  as  could  be  secured.  It  is  interest- 
ing to  note  that  the  engineers  of  that  city  are  among  the  first  in 
America  to  decide  that  short-leaf  pine  would  be  preferable. 

The  speaker  has  endeavored  to  show  that  pitch  oils  as  wood  pre- 
servatives can  only  be  considered  as  experimental.  In  spite  of  this 
fact,  the  engineers  of  America  are  laying  hundreds  of  thousands  of 
dollars'  worth  of  wood  block  pavements  yearly,  specifying  blocks 
treated  with  that  material,  when  they  have  the  experience  of  Europe, 
California,  and  Texas  to  teach  them  that  in  those  places  regular 
creosote  oil  has  satisfactorily  preserved  paving  blocks  for  more  than 
a  quarter  of  a  century. 

J.  Martin  Schreiber,  M.  Am.  Soc.  C.  E.  (by  letter). — Mr.  Buehler's  Mr. 
paper  is  a  conservative  resume  of  the  more  important  requirements 
of  modem  wood  preservation.  The  great  attention  that  is  being  given 
to  this  subject  is  certain  to  produce  a  more  correct  understanding  in 
the  future.  The  whole  proposition  of  wood  preservation,  with  its 
numerous  ramifications,  requires  a  peculiar  combination  of  special 
study.      We    should    have,    not    only    a   thorough    knowledge    of    the 
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Mr.  characteristics  and  performance  of  the  wood,  but  also  the  chemistry 
Schreiber.  ^^  ^^^q  preservative  and  the  mechanical  knowledge  of  plant  operation. 
Lastly,  the  commercial  instinct,  or  experience  for  purchasing  the 
supplies,  is  necessary,  in  order  to  put  the  whole  proposition  on  an 
economical  and  practical  basis.  Probably  there  is  no  better  indication 
of  the  necessity  of  diiferentiating  the  subject  into  component  parts 
and  studying  carefully  each  division  than  the  large  variation  in  the 
results  of  treatments  that  have  been  carried  out,  supposedly  by  the 
same  standard  process. 

About  a  year  ago,  the  writer's  attention  was  called  to  the  failure 
of  a  structure  in  which  the  timber  had  been  impregnated  with  20  lb.  of 
oil  per  cu.  ft.  The  trouble  appeared  to  be  that  the  original  oil  was  of 
inferior  quality,  so  that  a  large  proportion  of  it  disappeared  after  three 
years.  The  practice  is  rapidly  passing  of  blindly  plugging  a  stick  full 
to  saturation,  irrespective  of  classification,  the  seasoning  of  the  wood, 
and  the  exact  quality  of  the  preservative,  leaving  the  principle  of  water- 
proofing finally  to  accomplish  all.  However,  some  modern  specifica- 
tions are  still  very  unique  in  their  generalities,  for  instance,  the  follow- 
ing is  quoted  from  a  specification  for  the  treatment  of  wood  paving 
blocks  for  a  city  of  considerable  size: 

"The  blocks  will  be  treated  by  the  injection  of  an  impermeable 
and  antiseptic  mixture,  22  lb.  per  cubic  foot,  that  contains  at  least 
50%  of  inert  oil  of  soft  bituminous  coal-tar  or  dead  oil  of  coal-tar.  The 
rest  of  the  mixture  will  be  composed  of  material  adequate  to  offer 
impermeability  to  water." 

What  the  contractor  could  be  compelled  to  use  for  "the  rest  of  the 
mixture"  it  would  not  be  an  easy  matter  to  ascertain. 

In  relation  to  methods,  it  may  be  of  interest  to  state  that  Mr.  E.  H. 
Hartman  has  applied  for  a  patent  for  a  combination  process  in  which 
the  seasoned  wood  is  first  placed  in  a  hot  bath  of  creosote  oil  and  then 
treated  in  a  cold  solution  of  zinc  chloride.  The  principle  may  be  used 
with  either  the  pressure  or  open-tank  methods.  It  is  unlike  the  Card 
process,  as  it  is  a  two-movement  method,  and  is  different  from  the 
Allerdyce,  inasmuch  as  the  oil  treatment  is  given  first,  instead  of  the 
solution  of  zinc  chloride. 

Probably  the  author  has  not  given  the  light  treatments  with  high- 
class  oils  the  prominence  that  they  deserve.  Considerable  development 
has  been  made  in  the  empty-cell  process,  for  both  the  pressure  and  the 
open-tank  methods.  Some  prominent  railroads  are  treating  ties  by 
the  empty-cell  pressure  method,  in  spite  of  the  fact  that  advocates  of 
other  processes  have  assailed  the  principles  involved.  The  empty-cell 
pressure  process  seems  to  be  of  considerable  importance,  not  only  on 
account  of  the  deep  penetration  obtained  at  a  moderate  cost,  but 
because  the  wood  comes  out  of  the  treating  cylinders  comparatively  dry. 
Oil  dripping  is  objectionable,  not  only  on  account  of  waste,  but  also 
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because  it  often  gives  trouble  after  the  lumber  has  been  installed.  In  Mr. 
tlie  1910  Keport  of  the  Committee  on  Preservation  of  Poles  and  Cross-  ^chreiber. 
Arms,  of  the  National  Electric  Light  Association,  an  empty-cell  process 
for  the  open  tank  is  described.  Briefly,  the  timber  is  treated  by 
the  ordinary  hot  and  cold  process  in  creosote  oil,  and  then  a  third  step 
is  taken  by  reheating  the  timber  in  oil;  this  results  in  driving  a  portion 
of  free  oil  from  the  wood.  Here  again  is  obtained  the  benefit  of  deep 
penetration  with  a  limited  quantity  of  oil.  The  importance  of  a  proper 
quality  of  creosote  oil  in  any  empty-cell  process  is  readily  apparent. 

One  of  the  most  pertinent  subjects  at  present,  in  connection  with 
wood  preservation,  is  that  of  water-gas  tar  creosote  versus  coal-tar 
creosote.  In  1908,  approximately  17  000  000  gal.  of  coal-tar  creosote 
oil  were  produced  in  the  United  States,  while  39  000  000  gal.  of  the 
coal-tar  creosote  used  was  a  foreign  product.  The  scarcity  of  the 
domestic  oil  will  undoubtedly  continue,  at  least  as  long  as  the  present 
conditions  of  by-product  industry  obtain.  The  quantity  of  water 
gas  made  in  the  United  States  is  about  twice  as  great  as  that  of  coal 
gas,  and  the  creosote  made  therefrom  is  similar  in  many  respects  to 
that  from  coal-tar. 

The  writer  was  recently  surprised  to  obtain  from  a  contractor  a 
bid  for  treating  cross-ties  in  which  the  prices  quoted  were  higher  for 
water-gas  creosote  than  for  coal-tar  creosote.  It  was  understood,  of 
course,  that  each  oil  was  to  have  the  same  physical  properties.  This 
does  not  seem  to  indicate  the  alleged  advantage,  at  least  at  present, 
and  from  the  commercial  standpoint,  of  using  the  water-gas  creosote 
as  an  adulterant  or  substitute. 

Some  interesting  papers  have  been  presented  recently,  before  the 
American  Branch  for  Chemical  Industry,  by  S.  R.  Church  and  J.  M. 
Weiss,  and  with  the  discussion  have  considerable  bearing  on  the  ques- 
tion of  the  value  of  water-gas  creosote  as  a  preserving  agent.  Mr.  Weiss, 
whose  paper  had  the  caption  of  some  experiments  on  the  action  of  oils 
and  tars  in  preventing  mould  growth,  said  in  conclusion  that  the  coal-tar 
creosote,  as  well  as  the  undistilled  tar,  is  antiseptically  more  efficient 
in  about  the  proportion  of  6  to  1.  It  is  unfortunate  that  the  chemistry 
of  creosote  oils  is  not  well  enough  known  to  enable  one  to  form  more 
definite  and  authentic  ojjinions  on  the  value  of  the  creosote  oils,  other 
than  their  physical  characteristics,  and  it  is  hoped  that  further  data 
will  be  obtained  along  this  line.  Although  the  antiseptic  ratio  between 
the  oils  of  coal-tar  and  water-gas  tar  may  not  be  as  important  where 
the  timber  is  treated  by  the  full-cell  method,  it  certainly  requires 
serious  consideration  where  the  treatment  calls  for  a  limited  quantity 
of  oil. 
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CHARLES  EDWARD  GOAD,  M.  Am.  Soc.  C.  E. 


Died   June   10th,   1910. 

Charles  Edward  Goad  was  born  in  London  on  March  15th,  1848. 
He  attended  the  College  of  Preceptors,  in  London,  passing  his  final 
examinations  with  honors  in  mathematics.  Later  he  received  the 
degree  of  Associate  of  Arts  at  Oxford  University.  Until  1869  he  was 
engaged  in  the  building  of  various  public  works  in  England,  and  in 
that  year  he  went  to  Canada.  From  1869  to  1873  he  was  Assistant  and 
then  Division  Engineer  on  the  Toronto,  Grey  and  Bruce  Railway. 
From  1873  to  1875  he  was  Locating  Engineer  and  in  charge  of  the 
drafting  office  for  the  land  and  structure  plans,  and  then  Engineer  for 
the  contracting  company  building  the  Montreal  Northern  Colonization 
Railway,  afterward  the  Quebec,  Montreal,  Ottawa  and  Occidental 
Railway. 

In  1876  he  commenced  the  compilation  of  a  series  of  special  surveys 
of  Canadian  cities  and  towns  for  the  use  of  Insurance  Companies.  In 
1877  he  became  Chief  Engineer  of  the  Halifax  and  Cape  Breton 
Railway,  but  in  the  following  year  found  it  essential  to  the  success 
of  the  system  of  insurance  plans  which  he  had  originated  to  give  his 
whole  time  to  the  supervision  of  that  work. 

Some  idea  of  the  extent  to  which  his  system  has  developed  may  be 
gathered  from  the  fact  that  the  surveys  now  include  all  the  important 
areas  in  London,  England,  from  Kingston-on-Thames  to  Gravesend, 
fifty-five  of  the  principal  cities  and  towns  in  the  British  Isles,  several 
cities  on  the  Continent  of  Europe,  in  the  "Near  East,"  South  Africa, 
the  West  Indies,  and  South  America.  In  Canada  more  than  1  300 
places,  from  Halifax  to  Vancouver,  have  been  surveyed  and  mapped. 

In  1909,  while  engaged  on  a  survey  at  Valparaiso,  Chile,  on  behalf 
of  the  Fire  Offices  Committee,  Mr.  Goad  had  a  paralytic  stroke.  As 
soon  as  he  could  be  moved  he  was  taken  to  England,  the  voyage  being 
of  much  benefit  to  him.  After  a  short  stay,  he  returned  to  his  home 
in  Toronto,  with  his  health  so  far  improved  as  to  encourage  the  hope 
that  he  would  be  spared  for  a  number  of  years,  but  after  a  journey 
South  and  a  short  stay  in  Florida,  he  returned  to  Toronto  in  April, 
1910,  where  he  died  from  the  effects  of  a  second  stroke  of  paralysis. 
He  is  survived  by  his  widow  and  eight  children,  three  sons  and  five 
daughters. 

*  Memoir  prepared  by  the  Secretary,  from  information  on  file  at  the  House  of  the 
Society. 
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Fire  insurance  men  will  remember  Mr.  Goad  as  the  author  of 
"Fire  Plans  for  Cities,"  and  as  the  founder  of  the  business  now 
carried  on  as  a  Company  under  the  title  of  Charles  E.  Goad,  Limited. 
In  ISSl,  in  Montreal,  he  founded  the  publication,  Insurance  Society, 
but,  a  few  years  later,  on  account  of  the  increasing  demands  on  his 
time,  he  transferred  it,  the  paper  developing  into  the  Chronicle,  devoted 
to  banking,  insurance,  and  finance. 

Mr.  Goad  was  a  man  of  sterling  integrity  and  indomitable  energy, 
and  never  happier  than  when  he  had  difficulties  to  surmount.  When- 
ever he  had  opportunity  to  give  any  of  his  time  to  the  public  service, 
notably  as  a  Member  of  the  Executive  Committee  of  the  British  Fire 
Prevention  Committee,  and  as  an  Advisor  on  the  Guild  of  Civic  Art 
in  Toronto,  he  was  unsparing  in  his  efforts  for  the  furtherance  of  the 
objects  they  had  in  view. 

Owing  to  the  wide  area  of  his  professional  and  business  interests, 
he  was  engaged  in  almost  constant  travel,  and  so  did  not  have  the 
opportunity  of  building  up  that  large  amount  of  local  influence  and 
popularity  usual  to  men  of  his  type  who  retain  one  center,  but  his 
social  acquaintance  was  very  wide,  and  he  was  equally  popular  on  both 
sides  of  the  Atlantic. 

To  those  who  were  intimate  with  him,  he  was  endeared  by  the 
many  fine  qualities  he  possessed.  He  was  entirely  lacking  in  ostenta- 
tion, and  warm-hearted  and  loyal  in  his  friendship. 

His  eldest  son,  Mr.  Charles  Ernest  Goad,  who  for  some  years  has 
had  charge  of  the  British  and  Continental  surveys,  succeeds  him  as 
Managing  Director  of  Charles  E.  Goad,  Limited,  of  London,  England, 
and  will  also  undertake  the  direction  of  the  Canadian  business. 

Mr.  Goad  was  elected  a  Life  Member  of  the  Royal  Canadian  Yacht 
Club  about  ten  years  ago,  and  was  a  very  ardent  supporter  of  its 
interests,  though  he  had  not  the  leisure  to  participate  very  much  in 
the  sport. 

Mr.  Goad  was  an  active  Member  of  the  British  Fire  Prevention 
Committee,  a  Fellow  of  the  Statistical  Society  of  England,  and  a 
Member  of  the  London  Chamber  of  Commerce.  He  was  also  a  Member 
of  the  Engineers'  Club  of  Montreal,  the  Engineers'  Club  of  Toronto, 
the  Engineers'  Club  of  IS^ew  York,  the  Toronto  Club,  and  the  Canadian 
Society  of  Civil  Engineers.  He  was  elected  a  Member  of  the  American 
Society  of  Civil  Engineers  on  September  7th,  1881. 
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MINUTES  OF  MEETINGS 
OF  THE  SOCIETY 


FIFTY-EIGHTH  ANNUAL  MEETING* 

January  i8th,  ipii. — The  meeting  was  called  to  order  at  10  a.  m. ; 
President  John  A.  Bensel  in  the  chair;  Charles  Warren  Hunt,  Secre- 
tary; and  present,  also,  about  500  members. 

Messrs.  James  L.  Davis,  D.  Ulrich,  and  H.  D.  Winsor  were  ap- 
pointed tellers  to  canvass  the  Ballot  for  Officers  for  the  ensuing  year. 

The  Annual  Report  of  the  Board  of  Direction,  and  the  Annual 
Reports  of  the  Secretary  and  of  the  Treasurer,!  for  the  year  ending 
December  31st,  1910,  were  presented  and  accepted. 

•  A  full  report  of  the  Fifty-eighth  Annual  Meeting  is  printed  on  pages  74  to  104  of  this 
number  of  Proceedings. 

t  For  tljese  reports  see  pages  19  to  3-1  of  Proceedinys  for  January,  1911  (Vol.  XXXVII). 
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The  Secretary  read  the  report  of  the  Committee  to  Recommend 
the  Award  of  Prizes,*  and  stated  that  the  Board  of  Direction  had 
awarded  the  prizes  for  the  year  ending  with  the  month  of  July,  1910, 
in  accordance  with  the  recommendations  of  that  report,  as  follows: 

The  Norman  Medal  to  C.  E.  Grunsky,  M.  Am.  Soc.  C.  E.,  for  his 
paper  entitled  "The  Sewer  System  of  San  Francisco,  and  a  Solution  of 
the  Storm-Water  Flow  Problem." 

The  Thomas  Fitch  Rowland  Prize  to  John  H.  Gregory,  M.  Am.  Soc. 
C.  E.,  for  his  paper  entitled  "The  Improved  Water  and  Sewage  Works 
of    Columbus,    Ohio." 

No  award  of  the  Collingwood  Prize  for  Juniors  was  made. 

The  following  were  appointed  members  of  the  Nominating  Com- 
mittee to  serve  two  years: 

O.  E.  HovEY Eeyrcsenling  District  No.  1 

F.  H.  Fay 

Charles  J.  Tilden " 

Thomas  H.  Johnson " 

E.  E.   Wali 

M.  J.  Caples 

N.   B.    1VELL0(3G " 

Austin  L.  Bowman,  M.  Am.  Soc.  C.  E.,  Chairman  of  the  Special 
Committee  on  Steel  Columns  and  Struts,  presented  a  Progress  Report 
of  that  Committee. t 

The  report  was  accepted  and  ordered  printed. 

Desmond  FitzGerald,  Past-President,  Am.  Soc.  C.  E.,  Chairman  of 
the  Special  Committee  on  Engineering  Education,  presented  a  Progress 
Report  of  that  Committee.:}: 

The  report  was  accepted  and  ordered  printed. 

The  Secretary  presented  a  report  from  the  Special  Committee  on 
Uniform  Tests  of  Cement,§  and  also  a  supplementary  report. || 

These  reports  were  accepted  and  ordered  printed,  and  the  Com- 
mittee was  continued  until  1912. 

A.  H.  Blanchard,  M.  Am.  Soc.  C.  E.,  Secretary  of  the  Special  Com- 
mittee on  Bituminous  Materials  for  Road  Construction,  presented  a 
Progress  Report  of  that  Committee. 

The  report  was  accepted  and  ordered  printed.H 

The  consideration  of  the  following  proposed  amendment  to  the 
Constitution  was  then  taken  up : 

*  See  page  75. 

t  See  page  78. 

X  See  page  79. 

§  See  page  105. 

II  See  page  81. 

IF  This  report  was  printed  in  Proceedings,  Vol.  XXXVI,  page569  (December,  1910). 
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Amend  Article  IV,  as  follows: 

Add  at  the  end  of  Article  IV,  the  following: 

"13.  Corporate  Members  and  Associates  who  have  reached  the  age 
of  seventy'  years,  and  who  have  paid  dues  as  such  for  twenty-five  years, 
shall  be  exempt  from  further  dues.  Corporate  Members  and  Associates 
wlio  have  paid  dues  as  such  for  thirty-five  years  shall  be  exempt  from 
further  dues." 

This  amendment  was  proposed  by  Messrs.  Kenneth  Allen,  A.  L. 
Bowman,  F.  W.  Gardiner,  J.  A.  Knighton,  C.  D.  Pollock,  Eobert 
Kidgway.  J.  Waldo  Smith,  and  George  W.  Tillson,  and  was  mailed  to 
all  Corporate  ^lembers  on  December  1st,  1910. 

The  amendment  was  discussed  but  was  not  amended. 

The  Secretary  read  the  following  Resolutions  adopted  by  the  Board 
of  Direction  in  reference  to  licensing  Civil  Engineers: 

"Whereas:  There  are  National  Societies  of  Engineers  in  the  United 
States,  membership  in  which  can  only  be  secured  after  rigid  examina- 
tion of  the  fitness  of  applicants  to  practice  as  Engineers;  and 

"Whereas:  The  public  has  ample  protection  if  they  will  employ 
only  those  who  have  thus  demonstrated  their  ability;  be  it 

"Resolved:  That  the  Board  of  Direction  of  the  American  Society 
of  Civil  Engineers  does  not  deem  it  necessary  or  desirable  that  Civil 
Engineers  should  be  licensed  in  any  State;  and  be  it  further 

"Resolved:  That  if,  notwithstanding  this,  the  Legislature  of  any 
State  deems  the  passage  of  a  statute  covering  the  practice  of  Civil 
Engineering  desirable  for  the  protection  of  the  public,  the  accompany- 
ing draft*  of  such  a  statute,  which  has  been  prepared  by  the  Board  as 
embodying  proper  requirements  for  that  purpose,  is  recommended." 

On  motion,  duly  seconded,  the  meeting  approved  the  action  and  the 
report  made  by  the  Board  of  Direction. 

Allen  Hazen,  M.  Am.  Soc.  C.  E.,  presented  the  following  motion: 
"That  it  is  the  sense  of  this  meeting  that  the  licensing  of  Engineers 
by  States  is  undesirable." 

The   motion   was   seconded   and   adopted. 

The  Secretary  announced  the  election,  by  unanimous  vote  of  the 
Board  of  Direction  and  all  Past-Presidents,  of  D.  J.  Whittemore,  Past- 
President.  Am.  Soc.  C.  E..  on  January  6th,  1911,  as  an  Honorary 
Member  of  the  Society. 

Charles  Hansel,  M.  Am.  Soc.  C.  E.,  introduced  the  following 
resolution : 

"Resolved:  That  a  Special  Committee  of  seven  be  appointed  by  the 
Board  of  Direction  to  formulate  principles  and  methods  for  the  valua- 
tion of  railroad  property  and  other  public  utilities,  and  to  report  to  the 
Society  at  the  next  Annual  Convention." 

On  motion,  duly  seconded,  the  resolution  was  referred  to  the  Board 
of  Direction. 

♦  This  draft  was  printed  in  Proceedings  for  January,  1911,  pages  7  to  13. 
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The  Secretary  presented  the  report  of  the  tellers  appointed  to 
canvass  the  Ballots  for  Officers  for  the  ensuing  year. 

The  President  announced  the  election  of  the  following  officers: 

President,  to  serve  one  year: 

MoRDECAi  T.  Endicott,  Washington,  D.   C. 

Vice-Presidents,  to  serve  two  years: 

Alfred  P.  Poller,  New  York  City. 
Charles  L.  Strobel,  Chicago,  111. 

Treasurer,  to  serve  one  year: 

Joseph   M.   Knap,  New  York   City. 

Directors,  to  serve  three  years: 

George  C.  Clarke,  New  York  City. 
Henry  G.  Stott,  New  Rochelle,  N.  Y. 
Jonathan  P.  Snow,  Boston,  Mass. 
Robert  Ridgway,  Poughkeepsie,  N  Y. 
Leonard  W.  Rundlett,  St.  Paul,  Minn. 
William  H.  Courtenay,  Louisville,  Ky. 

Mr.  FitzGerald  and  Mr.  Noble  conducted  Mr.  Endicott,  the  Presi- 
dent-elect, to  the  chair. 

Mr.  Endicott  addressed  the  meeting  briefly. 

Adjourned. 

SPECIAL  MEETINGS  FOR  TOPICAL  DISCUSSION  ON  ROAD 
CONSTRUCTION  AND  MAINTENANCE 

January  20th,  191 1. — The  first  special  meeting  for  topical  dis- 
cussion on  "Road  Construction  and  Maintenance"  was  called  to  order 
at  10  A.  M. ;  President  Mordecai  T.  Endicott  in  the  chair;  Charles 
Warren  Hunt,  Secretary;  and  present,  also,  about  200  members  and 
guests. 

The  Secretary  announced  that  A.  H.  Blanchard,  M.  Am.  Soc.  C.  E., 
would  act  as  Secretary. 

The  discussion  on  the  first  topic,  "Preliminary  Investigations,"  was 
opened  by  Logan  W.  Page,  M.  Am.  Soc.  C.  E.  The  topic  was  discussed 
further  by  Messrs.  W.  W.  Crosby,  A.  H.  Blanchard,  and  Harold  Parker. 

The  second  topic  for  discussion,  "Relative  Value  of  Three  Methods 
of  Carrying  on  Work:  (a)  That  in  which  both  labor  and  material  are 
furnished  by  the  contractor;  (&)  That  in  which  the  material  is  sup- 
plied by  the  party  of  the  first  part,  and  the  labor  by  the  contractor; 
(c)  That  in  which  both  the  labor  and  material  are  supplied  by  the 
party  of  the  first  part,"  was  opened  by  Harold  Parker,  M.  Am.  Soc. 
C.  E.     The  topic  was  discussed  further  by  Messrs.  Henry  B.  Drowne, 
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Joseph  W.  Hunter,  Paul  D.  Sargent,  F.  E.  Ellis,  W.  W.  Crosby, 
James  Owen,  Samuel  Whinery,  H.  B.  Pullar,  and  Eugene  Lentillion. 

Discussion  on  the  third  topic,  "Systems  of  Maintenance,"  was  opened 
by  Hubert  K.  Bishop,  M,  Am.  Soc.  C.  E.,  who  was  followed  by  Messrs. 
Eugene  Lentilhon,  T.  McKenzie,  L.  R.  Grabill,  Leon  F.  Peck,  James 
Owen,  L.  W.  Page.  Frank  J.  xVppel,  E.  H.  Thomes,  A.  H.  Blanchard, 
John  B.  Wright,  Nelson  P.  Lewis,  George  C.  Diehl,  and  G.  C.  Wright. 

Adjourned. 

January  20th,  1911. — The  second  special  meeting  was  called  to 
order  at  2.30  P.  M.;  President  Mordecai  T.  Endicott  in  the  chair; 
A.  H.  Blanchard  acting  as  Secretary;  and  present,  also,  about  170* 
members  and  guests. 

Samuel  Whinery,  M.  Am.  Soc.  C.  E.,  introduced  the  fourth  topic, 
"The  Use  of  Water,  Calcium  Chloride,  Light  Oils,  etc.,  as  Dust 
Palliatives."  The  subject  was  discussed  fiirther  by  Messrs  Herbert  C. 
Piiore,  Joseph  L.  Weeks,  Hubert  K.  Bishop,  A.  H.  Blanchard,  and 
L.  R.  Grabill. 

The  fifth  topic,  "Surface  Treatment  with  Tars,  Heavy  Oils,  etc.," 
was  introduced  by  a  discussion  prepared  by  Charles  W.  Ross,  Esq.,  and 
presented  by  E.  H.  Rogers,  M.  Am.  Soc.  C.  E.  The  topic  was  discussed 
further  by  Messrs.  Prevost  Hubbard,  Arthur  W.  Dean,  A.  H.  Blan- 
chard, W.  W.  Crosby,  A.  F.  Armstrong,  F.  E.  Ellis,  Harold  Parker, 

E.  H.  Thomes,  Michael  Driscoll,  M.  H.  Smith,  P.  P.  Sharpies,  C.  F. 
Knowlton,  R.  A.  Meeker,  E.  P.  North,  H.  K.  Bishop,  H.  F.  Layton, 
Watson  G.  Clark,  and  James  MacDonald. 

Adjourned. 

January  2i8t,  1911. — The  third  special  meeting  was  called  to 
ordtM-  at  10  a.  m.;  President  Mordecai  T.  Endicott  in  the  chair;  A.  H. 
Blanchard,  acting  as  Secretary;  and  present,  also,  about  130*  members 
and  guests. 

The  discussion  on  the  sixth  topic,  "The  Use  of  Bituminous  Materials 
by  Penetration  Methods,"  was  introduced  by  Walter  W.  Crosby,  M.  Am. 
Soc.  C.  E.,  who  was  followed  by  Messrs.  A.  F.  Armstrong,  R.  K. 
Compton,  H.  G.  Shirley,  E.  H.  Thomes,  James  C.  Wonders,  A.  H. 
Blanchard,  Michael  Driscoll,  Robert  A.  Meeker,  C.  P.  Price,  C.  E. 
^^(•Dowell,  E.  A.  Paterson,  B.  A.  Maloney,  and  Clifford  Richardson. 

The  seventh  topic,  "The  Use  of  Bituminous  Materials  by  Mixing 
^fothods,"  was  introduced  by  Mr.  A.  H.  Blanchard,  and  was  discussed 
further  by  Messrs.  Michael  Driscoll,  J.  W.  Howard,  R.  A.  Meeker, 
James  Owen,  Franklin  C.  Pillsbury,  William  H.  Connell  R.  D.  Beman, 

F.  P.  Smith,  Paul  D.  Sargent,  and  A.  S.  Malcomson. 

Adjourned. 

•  Many  of  those  present  did  not  register;  the  figures  of  attendance  at  each  of  the  meet- 
ings, therefore,  are  not  accurate. 
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February  ist,  191 1.— The  meeting  was  called  to  order  at  8.30  p.  m.; 
President  Endicott  in  the  chair;  Chas.  Warren  Hunt,  Secretary;  and 
present,  also,  104  members  and  12  guests. 

The  minutes  of  the  meetings  of  December  21st,  1910,  and  January 
4th,  1911,  were  approved  as  printed  in  Proceedings  for  January,  1911. 

A  paper  by  George  Robert  Graham  Conway,  M.  Am.  Soc.  C.  E., 
entitled  "The  Water- Works  and  Sewerage  of  Monterrey,  N.  L.,  Mex- 
ico," was  presented  by  title,  and  the  Secretary  read  written  commu- 
nications on  the  subject  by  Messrs.  James  D.  Schuyler,  David  T. 
Pitkethly,  George  S.  Binckley,  and  Vicente  Saucedo. 

The  Secretary  announced  the  election  of  the  following  candidates  on 
January  31st,  1911: 

As  Members. 

William  Lyon  Browne,  New  Carlisle,  Que.,  Canada. 
Alexander  Ritchie  Dufresne,  Ottawa,  Ont.,  Canada. 
Ernest  Grubb,  Grahamstown,  Cape  Colony,  South  Africa. 
John  William  Kitchin,  Paris,  France. 
Lachlan  Mackintosh,  Mandalay,  Burma,  India. 
Frederick  David  Richards,  Cleveland,  Ohio. 
Arthur  Osbourne  Ridgway,  Denver,  Colo. 
Louis  Bertrand  Vaughan,  Kingston,  N.  Y. 
Frank  Charles  Wolfe,  Baltimore,  Md. 

As  Associate  Members. 

Jean  March  Allen,  St.  Johnsville,  N.  Y. 

Richard  Robertson  Bradbury,  West  Shokan,  N.  Y. 

Paul  Darwin  Cook,  Sioux  City,  Iowa. 

Frank  Cotton,  Corozal,  Canal  Zone,  Panama. 

Charles  John  Crawford,  Minatitlan,  Vera  Cruz,  Mexico. 

Carroll  Andrew  Farwell,  Rumford,  Me. 

Chapman  Johnston  French,  Narrows,  Va. 

Thomas  Maxwell  Fyshe,  Calgary,  Alta.,  Canada. 

Thomas  Wund  Golding,  Brooklyn,  N.  Y. 

Dan  Edwin  Helvern,  Pueblo,  Colo. 

John  Logan  Hershey,  San  Luis,  Colo. 

Charles  Raymond  Hulsart,  New  Paltz,  N.  Y. 

Christian  Peter  Jensen,  Fresno,  Cal. 

William  Franklin  Kirby,  Anawalt,  W.  Va. 

Adolph  Frederick  Meyer,  St.  Paul,  Minn. 

Lee  Haun  Miller,  Cleveland,  Ohio. 

Thomas  Richard  Remsen,  Brooklyn,  N.  Y. 

William  Williams  Roberts,  Jr.,  New  York  City. 

Pedro  Jose  Rojas,  Maracaybo,  Venezuela. 

Leland  Sylvan  Rosener,  San  Francisco,  Cal. 
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Joseph  John  Ruckes,  Jr.,  Chicago,  111. 
TTknry  Rvon,  Morristown,  N.  J. 
Frank  Alger  SpAn.DiNO,  Pittsfield,  Mass. 
IVfAURiCE  Wn.LiAMS,  Frankfort,  N.  Y. 

As  Associates. 

RnwARD  James  Connor,  New  York  City. 
Edward  Haupt,  Chicago,  111. 

As  Juniors. 

William  Andrews  Bartlett^  Colorado  Springs,  Colo. 

Ralph  Edmund  Drake,  Amsterdam,  N.  Y. 

John  Kramer  Flick,  Baltimore,  Md. 

George  Augustus  Flynn,  New  York  City. 

Arthur  Brooks  Green,  New  York  City. 

Horace  Setii  Griswold,  Berkeley,  Cal. 

George  Eliot  Hoeft,  New  Rochelle,  N.  Y. 

Everett  Nelson  Hutchins,  New  York  City. 

Frank  Melvin  Johnson,  Seattle,  Wash. 

John  William  McCaffrey,  Brooklyn,  N.  Y. 

Nils  Lorentz  Alfred  Malmros,  Yonkers,  N.  Y. 

WiLLLVM  Richard  Morgan,  New  York  City. 

Hugh  Nawn,  Roxbury,  Mass. 

Herbert  Carleton  Poore,  Wollaston,  Mass. 

Thomas  Ernest  Price,  Nelson,  B.  C,  Canada. 

Harry  Gaillard  Riblet,  Massena,  N.  Y. 

Ralph  Alcorn  Smallman,  Houston,  Tex. 

George  Washington  Smith,  Montreal,  Que.,  Canada. 

Peter  Soo-Hoo,  Urbana,  111. 

Ervin  Beecher  Stevenson,  Albany,  N.  Y. 

The  Secretary  announced  the  transfer  of  the  following  candidates 
on  January   31st,  1911: 

From  Associate  Member  to  Member. 

Horace  De  Remer  Haight,  Brooklyn,  N.  Y. 
William  Hale  Kimball,  Davenport,  Iowa. 
William  Jacob  ^Iozart,  Maiden,  Mass. 

From  Junior  to  Associate  Member. 

Frederick  Lucius  Copeland,  Spokane,  Wash. 

Lewis  Repp  Ferguson,  Philadelphia,  Pa. 

Robert  Dwiggins  Monteith  Henley,  Topeka,  Kans. 

Charles  Hamilton  Lee,  Independence,  Cal. 

Fritz  Louis  Metzger,  Coraopolis,  Pa. 

Ralph  Ashur  Pike,  Mt.  Vernon,  N.  Y. 
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The  Secretary  announced  the  following  deaths: 

Horace  Joseph  Howe,  elected  Junior,  May  2d,  1888;  Member, 
March  2d,  1898 ;  died  January  22d,  1911. 

Charles  Cyrus  King,  elected  Member,  September  2d,  1891;  died 
January  13th,  1911. 

John  Joseph  McLaughlin,  elected  Member,  November  1st,  1893; 
died  January  19th,  1911. 

John  Edward  Schwitzer,  elected  Member,  July  10th,  1907;  died 
January  23d,  1911. 

John  Wright  Seaver,  elected  Member,  November  6th,  1901;  died 
January  14th,  1911. 

Adjourned. 

OF   THE    BOARD   OF   DIRECTION 

(Abstract) 

January  i8th,  ipii. — The  Board  met,  as  required  by  the  Constitu- 
tion, at  the  House  of  the  Society  during  the  Annual  Meeting,  January 
18th,  1911,  at  12.55  p.  m..  President  Endicott  in  the  chair;  Chas. 
Warren  Hunt,  Secretary,  and  present,  also,  Messrs.  Belknap,  Bensel, 
Boiler,  Clarke,  Fanning,  Kimball,  Knap,  Loomis,  Loweth,  Ridgway, 
Roberts,  Snow,  Stearns,  Stott,  Strobel,  Talbot,  Thompson  and  Wilkins. 

The  President  announced  the  first  business  of  the  Board  to  be  the 
election  of  a  Secretary. 

Mr.  Hunt  retired. 

Charles  Warren  Hunt  was  placed  in  nomination  for  Secretary  for 
the  ensuing  year. 

A  ballot  was  taken,  all  present  (19)  voting  for  Chas.  Warren  Hunt. 

The  President  declared  Chas.  Warren  Hunt  elected  Secretary. 

Mr.  Hunt  was  recalled  and  resumed  the  duties  of  Secretary. 

The  following  Standing  Committees  of  the  Board  were  appointed : 

Finance  Committee:  H.  G.  Stott,  A.  N.  Talbot,  Geo.  A.  Kimball, 
Horace  Loomis,  W.  G.  Wilkins. 

Publication  Committee:  W.  E.  Belknap,  Robert  Ridgway,  George 
C.  Clarke,  Francis  Lee  Stuart,  Charles  L.  Strobel. 

Library  Committee:  Alfred  P.  Boiler,  J.  P.  Snow,  J.  T.  Fanning, 
C.  F.  Loweth,  Chas.  Warren  Hunt. 

Adjourned. 

January  31st,  191 ''—President  Endicott  in  the  chair;  Chas.  Warren 
Hunt,  Secretary ;  and  present,  also,  •  Messrs.  Belknap,  Benzenberg, 
Boiler,  Clarke,  Knap,  Loomis,  Ridgway,  Snow,  Sumner,  and  Thompson. 

J.  R.  Worcester,  M.  Am.  Soc.  C.  E.,  was  appointed  Chairman  of  the 
Special  Committee  on  Concrete  and  Reinforced  Concrete,  to  take 
the  place  made  vacant  by  the  resignation  from  that  Committee  of  C.  C. 
Schneider,  Past-President,  Am.  Soc.  C.  E. 
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The  Secretary  was  instructed  to  call  the  attention  of  all  Sub-com- 
mittees appointed  to  take  up  the  matter  of  Licensing  of  Engineers 
in  each  State,  to  the  action  of  the  Society  at  the  Annual  Meeting, 
and  to  point  out  to  them  that,  as  Sub-committees  of  the  Board,  they 
cannot,  in  view  of  the  action  of  the  Board  and  of  the  Society,  act 
in  the  initiation  of  any  State  Legislation  governing  the  practice  of 
Engineers. 

The  appointment  of  a  proposed  Special  Committee  on  the  Valua- 
tion of  Railroad  and  other  Public  Utilities  Property,  which  was 
referred  to  the  Board  by  the  Annual  Meeting,  was  considered,  and  action 
deferred  until  the  next  meeting  of  the  Board. 

Ballots  for  membership  were  canvassed,  resulting  in  the  election  of 
9  Members,  24  Associate  Members,  2  Associates,  and  20  Juniors,  and 
the  transfer  of  6  Juniors  to  the  grade  of  Associate  Member. 

Three  Associate  Members  were  transferred  to  the  grade  of  Member. 

Applications  were  considered  and  other  routine  business  transacted. 

Adjourned. 
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Meeting  called 
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Tellers 
appointed. 


Report  of  the 
Board  of 
Direction. 


Report  of  the 
Secretary. 


Report  of  the 
Treasurer. 


REPORT  IN  FULL  OF  THE  FIFTY-EIQHTH  ANNUAL  MEETING, 
JANUARY   18th  AND  19TH,   1911. 

Wednesday,  January  i8th,  1911  (10.15  A.  M.). — John  A.  Bensel, 
President,  in  the  Chair;  Charles  Warren  Hunt,  Secretary;  and  present, 
also,   about  500  members. 

The  President. — The  meeting  will  please  come  to  order.  Will 
Messrs.  James  L.  Davis,  D.  Ulrich,  and  H.  D.  Winsor  kindly  act  as 
tellers  and  canvass  the  ballots  for  the  election  of  officers  of  the  Society. 
Under  the  Constitution  this  ballot  does  not  close  until  noon,  but  as 
there  are  many  ballots  to  count  the  canvas  can  go  on  in  the  meantime, 
and  any  members  who  desire  to  vote  can  do  so  while  the  meeting 
proceeds. 

Mr.  Secretary,  have  you  the  Report  of  the  Board  of  Direction? 

The  Secretary  read  the  Report  of  the  Board  of  Direction.* 

The  Secretary. — Shall  I  read  the  Secretary's  Report? 

The  President.- — Yes;  I  think  you  may  as  well  read  the  report  by 
the   Secretary. 

The  Secretary  read  his  Reportf  of  receipts  and  disbursements  for 
the  year,  including  a  general  balance  sheet  showing  the  financial  condi- 
tion of  the  Society.:}: 

The  President. — You  have  heard  the  Report  of  the  Secretary. 
Unless  there  is  some  motion  to  the  contrary,  the  report  will  be  filed. 

A  Member. — I  move  that  it  be  accepted  and  filed. 

The  President. — It  will  be  accepted  and  filed  as  read. 

The  Report  of  the  Treasurer  is  next  in  order. 

The  Treasurer  read  his  report. § 

Desmond  FitzGerald,  Past-President,  Am.  Soc.  C.  E. — Mr.  Chair- 
man, T  should  like  to  move  the  acceptance  of  the  Report  of  the 
Treasurer,  and  while  Mr.  Knap  is  here,  I  should  like  to  have  him 
explain,  at  least  in  a  word  or  two,  why  the  Society  has  started  a 
reserve  fund,  with  such  a  large  surplus  already  in  hand.  Is  it  simply 
for  convenience  in  financial  transactions? 

Joseph  M.  Knap,  M.  Am.  Soc.  C.  E. — We  do  not  know  how  much 
our  surplus  is,  but  when  we  find  out,  we  propose  to  invest  and  hold 
it  in  bonds  which  pay  a  good  interest.  In  case  of  necessity  we  then 
have  the  money  easily  available. 

Mr.  FitzGerald. — Is  that  considered  better  policy  than  to  pay  off 
the  mortgage? 

Mr.  Knap. — We  are  also  paying  off  the  mortgage  at  the  rate  of 
$10  000  a  year,  and  the  Board  may  conclude  to  pay  even  more  than 
that,  but  deems  it  advisable  to  keep  a  good  balance  on  hand.     We  are 

*  See  Proceedings,  Vol.  XXXVII,  p.  19  (January,  1911). 
t  See  Proceedings,  Am.  Soc.  C.  K.,  Vol.  XXXVII,  p.  34  (January,  1911). 
t  See  Proceedings,  Am.  Soc.  C.  E.,  Vol.  XXXVII.  p.  26  (January,  1911). 
§  Seje  Proceedings,  Am.  Soc.  C.  E.,  Vol.  XXXVII,  p.  27  (January,  1911). 
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drawing  interest  on  it,  and  it  can  be  instantly  available  for  any  use 
to  which  it  is  desired  to  put  it. 

Mr.  FitzGkrald. — It  is  the  first  time  that  the  reserve  fund  has 
been  drawn,  and  I  did  not  just  understand 

Mr.  Knap. — We  have  had  a  pretty  large  balance  almost  every  year, 
and  this  reserve  fund  is  something  recent,  but  it  seems  to  be  the  best 
policy.  Of  course,  the  Board  has  considered  this  matter  well.  We  are 
in  very  easy  circumstances.  We  could  reduce  this  mortgage,  of  course, 
more  rapidly  than  we  are  doing,  but  in  case  of  any  falling  off  of  our 
receipts  and  we  were  reduced  to  a  small  balance,  we  might  find  it 
inconvenient  to  raise  the  money  on  short  notice. 

Mr.  FitzGerald. — Simply  for  convenience? 

^Ir.  Knap. — Simply  for  convenience;  for  what  may  happen.  Per- 
haps the  Secretary  or  President  can  give  you  some  further  details  in 
regard  to  this  matter. 

Mr.  FitzGerald. — I  think  it  would  be  advisable. 

The  President. — Unless  there  is  some  objection,  the  Report  of  the 
Treasurer 

The  Secretary. — I  think  I  might  perhaps  say  one  word.  The  mort- 
gage as  written  allows  us  to  pay  only  $10  000  each  year. 

Mr.  FitzGerald. — It  is  limited  to  that? 

The  Secretary. — It  is  limited  to  that. 

Mr.  FitzGerald. — That  explains  the  whole  thing. 

Mr.  Knap. — I  think  there  is  no  doubt,  Mr.  Secretary,  that  we  could, 
if  we  wished,  pay  off  more.  They  are  always  willing  to  take  more.  I 
have  no  doubt  they  would  take  more,  if  we  considered  that  desirable. 

The  President. — The  Eeport  of  the  Committee  recommending  the  Report  of  the 
award  of  prizes  and  the  action  of  the  Board.  to  Recommend 

The  Secretary. — Mr.  President,  the  Eeport  of  the  Committee  is  as  *  Prizes!  " 
follows : 

"PouGHKEEPSiE,  jST.  Y.,  December  9,  1910. 
"To  THE  Board  op  Direction, 

"American  Society  of  Civil  Engineers, 

"220  West  Fifty-seventh  St.,  New  York. 

"Gentlemen: — The  undersigned  Committee,  appointed  by  you  to 
recommend  the  award  of  all  prizes  for  papers  published  in  the  Trans- 
actions of  the  Society  during  the  year  ending  with  the  month  of  July, 
1910,  has  the  honor  to  report  that  it  has  carefully  examined  the  papers 
contained  in  Volumes  LXIV  and  LXV  for  September  and  December, 
1909,  and  LXVI  and  LXVII  for  March  and  June,  1910,  and  unani- 
mously recommends : 

"That  the  Norman  Medal,  for  the  paper  'worthy  of  special  com- 
mendation for  its  merit  as  a  contribution  to  engineering  science'  be 
awarded  to  C.  E.  Grunsky,  M.  \m.  Soc.  C.  E.,  for  Paper  No.  1127, 
entitled  'The  Sewer  System  of  San  Francisco,  and  a  Solution  of  the 
Storm-Water  Flow  Problem.' 

"That  The  Thomas  Fitch  Rowland  Prize,  to  be  given  preferably 
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Report  of  the  for  the  paper  'describing  in  detail  accomplished  works  of  construction, 
to  R^ecommend  their  cost,  and  errors  in  design  and  execution/  be  awarded  to  John  H. 
the  Award  of    Gregory,  M.  Am.   Soc.   C.  E.,  for  Paper  No.  1146,  entitled  'The  Im- 
(condnued).    Pi'o^'ed  Water  and  Sewage  Works  of  Columbus,  Ohio.' 

''No  award  of  the  Collingwood  Prize  for  Juniors  should  be  made, 
as  no  paper  by  a  Junior  was  published  in  the  four  volumes  of  Trans- 
actions above  referred  to. 

"Respectfully  submitted, 

"ROBT.   RiDGWAY, 

"W.  W.  Curtis, 
"T.  G.  Dabney, 

"Committee." 

I  have  to  report,  Mr.  President,  that  the  Board  of  Direction  has 
awarded  the  prizes  for  the  year  in  accordance  with  the  recommenda- 
tions of  this  Committee. 
Nominating  The  PRESIDENT. — The  appointment  of  the  Nominating  Committee 

and  the  report  of  the  Secretary  on  the  final  suggestions  from  the  seven 
geographical  districts : 

The  Secretary. — Mr.  President,  I  beg  to  report  the  receipt  of 
1  304  final  suggestions  from  the  Corporate  Membership  for  members  of 
the  Nominating  Committee,  or  about  27%  of  the  total  voting 
membership. 

In  District  No.  1  the  number  of  suggestions  received  was  322.  Mr. 
0.  E.  Hovey  has  received  131  votes,  Mr.  A.  S.  Tuttle  95,  Mr.  C.  E. 
Gregory  88,  Mr.  George  T.  Hammond  2,  Mr.  W.  J.  Wilgus  2,  and 
Messrs.  E.  J.  Beugler,  C.  J.  Parker,  E.  W.  Stern,  and  G.  C.  Whipple 
one  vote  each. 

The  Constitution  states,  Mr.  President,  that  one  member  of  the 
Society  from  each  of  the  seven  geographical  districts  shall  be  appointed 
at  the  Annual  Meeting.  This  report  is  simply  a  statement  of  the  sug- 
gestions which  have  been  received  from  the  membership  of  the  Society 
in  order  to  enable  the  Annual  Meeting  to  have  something  to  work  on. 

On  motion,  duly  seconded,  O.  E.  Hovey,  M.  Am.  Soc.  C.  E.,  was 
appointed  a  member  of  the  Nominating  Committee  for  District  No.  1. 

The  Secretary. — From  District  No.  2,  134  suggestions  have  been 
received,  as  follows:  Mr.  F.  H.  Fay  78,  Mr.  H.  P.  Eddy  29,  Mr. 
Leonard  Metcalf  25,  and  Messrs.  J.  R.  Worcester  and  Charles  T.  Main 
one  vote  each. 

On  motion,  duly  seconded,  F.  H.  Fay,  M.  Am.  Soc.  C.  E.,  was 
appointed  a  member  of  the  Nominating  Committee  from  the  Second 
District. 

The  Seoretarv. — From  District  No.  3,  174  votes  have  been  received, 
as  follows:  Mr.  Charles  J.  Tilden  78,  Mr.  T.  R.  Lawson  51,  Mr.  P.  C. 
Ricketts  40,  and  Messrs.  William  de  la  Barre,  C.  L.  Crandall,  T.  H. 
Mather,  C.  J.  A.  Morris,  and  W.  F.  Tye,  one  vote  each. 
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On  motion,  duly  seconded,  riiarlcs  J.  Tilden,  Assoc.  M.  Am.  Soc. 
C.  E.,  was  appointed  a  ineinlier  of  the  Nominating  Committee  for  the 
Third  District. 

The  Skcrktary. — The  number  of  votes  received  from  District 
No.  4  was  152,  as  follows:  Mr.  Thomas  H.  Johnson  75,  Mr.  Emil 
Gerber  40,  Mr.  E.  K.  :Morse  2G,  Mr.  H.  H.  Quimby  2,  and  Messrs. 
A.  C.  Cunningham,  Paul  Didier,  H.  F.  Lofland,  J.  E.  Greiner,  B.  T. 
Fendall,  Janon  Fisher,  L.  A.  Taylor,  Joseph  C.  Wagner,  and  George 
S.  Webster  one  vote  each. 

On  motion,  duly  seconded,  Thomas  H.  Johnson,  M.  Am.  Soc.  C.  E., 
was  appointed  a  member  of  the  Nominating  Committee  for  the  Fourth 
District. 

The  Secretary. — From  the  Fifth  District  the  number  of  votes 
received  was  148,  as  follows :  Mr.  E.  E.  Wall  74,  Mr.  F.  C.  Osborn  37, 
Mr.  Julian  Griggs  31,  and  Messrs.  R.  E.  Gaut,  William  M.  Hughes, 
J.  A.  Ockerson,  M.  J.  Riggs,  A.  N.  Talbot,  and  William  A.  Lydon 
one  vote  each. 

On  motion,  duly  seconded,  E.  E.  Wall,  M.  Am.  Soc.  C.  E.,  was 
appointed  a  member  of  the  Nominating  Committee  for  the  Fifth 
District. 

The  Secretary. — From  District  No.  6,  149  votes  have  been  re- 
ceived, as  follows:  Mr.  M.  J.  Caples  53,  Mr.  J.  F.  Coleman  32,  Mr. 
F.  M.  Kerr  24,  Mr.  Lewis  Kingman  24,  Mr.  W.  H.  Caldwell  6,  and 
^fessrs.  E.  B.  Cushing,  John  B.  Hawley,  G.  K.  Little,  Arthur  Pew, 
J.  W.  Sackett,  Charles  H.  West,  H.  F.  Wilson,  Jr.,  and  G.  G.  Earl, 
one  vote  each. 

On  motion,  duly  seconded,  M.  J.  Caples,  M.  Am.  Soc.  C.  E.,  was 
appointed  a  member  of  the  Nominating  Committee  for  the  Sixth 
District. 

The  Secretary. — From  District  No.  7  the  number  of  votes  received 
was  225,  as  follows:  Mr.  N.  B.  Kellogg  106,  H.  N.  Savage  63,  G.  G. 
Anderson  44,  R.  H.  Thomson  2,  and  Messrs.  C.  F.  W.  Felt,  C.  W. 
Comstock,  George  L.  Dillman,  Homer  Hamlin,  D.  C.  Henny,  C.  T. 
Johnston,  S.  D.  Mason,  C.  A.  Morse,  J.  H.  Quinton,  and  Louis  C. 
Hall,  one  vote  each. 

On  motion,  duly  seconded,  N.  B.  Kellogg,  M.  Am.  Soc.  C.  E.,  was 
appointed  a  member  of  the  Nominating  Committee  for  the  Seventh 
District. 

The  President. — Next  in  order  is  the  Report  of  the  Special  Com-      Report  of 
mittee  on  Steel  Columns  and  Struts;  Mr.  A.  L.  Bowman,  Chairman.      *^°coTumnV'" 

A.  L.  Bowman,  M.  Am.  Soc.  C.  E.— Mr.  President  and  Members  of    ""''  ^^'•"'s. 
tlie  American  vSociety  of  Civil  Engineers,  the  following  is  a  Progress 
Report  of  the  Special  Committee  on  Steel  Columns  and  Struts: 
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PROGRESS  REPORT  OF  THE  SPECIAL  COMMITTEE  ON 
STEEL  COLUMNS  AND  STRUTS. 

Report  of  The  Special  Committee  "to  consider  and  report  upon  the  design, 

Committee  on  ultimate   Strength   and   safe   working   values    of    Steel    Columns    and 
Struts,"  presents  the  following  report  of  progress: 

During  this  year,  there  have  been  three  meetings  of  the  Committee 
as  a  whole,  while  the  sub-committees  have  devoted  considerable  time 
to  the  subjects  assigned  to  them. 

Your  Committee  desires  to  acknowledge  the  discussion  by  Thomas 
H.  Johnson,  M.  Am.  Soc.  C.  E.,  of  its  Progress  Report,  presented  to 
the  Society,  January  19th,  1910.  Mr.  Johnson  criticizes  the  method  of 
adjustment  of  the  results  of  the  tests,  to  a  uniform  grade  of  metal, 
with  an  ultimate  tensile  strength  of  60  000  lb.  per  sq.  in.  His  criticism 
is  based  on  the  Euler  equation,  and  reasoning  from  this,  the  adjustment 

I 
which  has  been  applied  proportionally  for  all  values  of     ,,  would  not 

r 

hold  good  for  the  higher  values  where  columns  are  subject  to  the 
bending  factor  alone.  Mr.  Johnson's  criticism  has  been  given  careful 
attention,  but  the  Committee  feels  that  it  cannot  at  this  time  adopt 
or  recommend  any  column  formula.  The  adjustments  made  by  the 
Committee  are  correct  according  to  the  Eankine  formula,  and  there- 
fore the  Committee  does  not  feel  that  it  is  advisable  to  change  its 
adjusted  results  until  more  definite  views  can  be  expressed  as  to  the 
proper  formula  to  adopt. 

Your  Committee  would  report  that  it  has  investigated  the  question 
of  the  influence  of  shape  of  columns  on  the  strength,  and  has  outlined 
a  series  of  tests  on  columns  with  the  same  radius  of  gyration,  but  with 
entirely  different  sections  and  forms.  The  Bureau  of  Standards  of  the 
United  States  Government,  S.  W.  Stratton,  Director,  has  offered  to 
carry  out  these  tests,  and  your  Committee  feels  that  the  results  will 
go  far  toward  explaining  many  of  the  discrepancies  which  now  tend 
to  confuse  our  investigations. 

In  view  of  the  proposed  tests  mentioned  above,  your  Committee 
does  not  deem  it  advisable  at  this  time  to  offer  a  tentative  column 
formula,  but  hopes  to  be  able  to  give  a  more  definite  report  on  this 
point  in  the  course  of  the  next  year. 

Committee.  For  the  Committee, 

Alfred  P.  Boller.  Austin  Lord  Bowman, 

Austin  Lord  Bowman.  Chairman. 

Emil  Gerber.  Lewis  D.  Rights, 

Charles  F.  Lowetii.  .  Secretary. 

Ralph  Modjeski. 
Frank  C.  Osborn. 
Geo.  H.  Pegram. 
Lewis  D.  Rights. 
Geo.  F.  Swain. 
Emil  Swensson. 
Joseph  R.  Worcester. 

The  President. — What  is  your  pleasure,  gentlemen,  as  to  this 
report  ? 
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GARDNiiK  S.  Williams,  M.  Am.  Soc.  C.  E.^ — ^I  move  that  it  be 
published  and  placed  on  file. 

The  President. — It  is  moved  that  the  report  be  published  and 
placed  on  file.  Unless  there  is  some  objection,  that  course  will  be 
followed. 

The  Report  of  the  Special  Committee  on  Bituminous  Materials  for 
Koad  Construction 

The  Secretary. — The  Secretary  of  that  Committee  is  here,  and 
desires  that  you  will  pass  it  for  the  moment,  and  he  will  try  and  have 
the  report  ready  a  little  later. 

The  President. — The  Report  of  the  Special  Committee  on  Engi-      Report  of 
neering  Education.     Mr.   Desmond   FitzGerald  is   Chairman   of  that    Engineerfng^ 

Committee.  Education. 

Mr.  FitzGerald  read  the  following  report : 

PROGRESS  REPORT  OF  SPECIAL  COMMITTEE  ON 
ENGINEERING  EDUCATION. 

To  the  American  Society  of  Civil  Engineers  : 

Your  Committee  on  Engineering  Education  desires  to  report 
progress  as  follows.  At  the  last  annual  meeting  the  Committee 
reported  its  efforts  to  collect  statistics  from  the  different  educational 
institutions  as  a  preliminary  to  any  work  that  might  be  undertaken 
in  the  direction  of  improving  engineering  education.  A  vast  amount 
of  statistical  matter  has  been  collected  through  the  auspices  of  the 
Carnegie  Foundation,  but  that  Institution  decided  that  it  could  spend 
no  more  money  for  this  purpose,  but  that  they  would  willingly  allow 
your  Committee  access  to  its  collection  of  catalogues  and  books. 

In  ]\ray  last  by  vote  of  the  directors  of  this  Society  the  sum  of 
$200  was  appropriated  to  enable  the  Committee  to  continue  its  work. 
At  that  time  the  instruction  in  Civil  Engineering  and  Mechanical 
Engineering  had  been  selected  for  investigation.  The  courses  of  study 
were  divided  into  groups,  for  instance,  instruction  in  Civil  Engineer- 
ing was  divided  into  Mathematics,  Physics  and  Chemistrj%  Humanistics, 
Drawing,  Shop-work,  General  Engineering,  Allied  Sciences  and  Civil 
Engineering,  and  in  the  tables  which  were  prepared  these  groups  were 
further  sub-divided  into  separate  studies  varying  from  eight  to  thirty- 
eight  for  each  group.  It  was  our  intention  to  collect  the  number  of 
pruiester  hours  given  by  each  of  twenty  of  the  leading  technicril 
institutions  and  colleges  of  the  country  to  these  subjects.  This  work 
progressed  during  the  summer.  It  was  under  the  charge  of  one  of 
the  professors  at  Columbia  University  who  finished  his  work  in  October, 
when  it  was  turned  over  to  your  Committee  for  analysis.  It  was  then 
discovered  that  the  statistics  were  misleading,  owing  to  the  fact  that 
the  catalogues  of  the  colleges  and  technical  schools  were  not  made  up 
on  the  same  basis,  a  semester  hour  really  including  more  or  less  time 
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Report  of  in  the  different  institutions.  This  discovery,  while  apparently  unfortu- 
Engineering  nate,  may  turn  out  to  be  fortunate  for  the  general  cause  of  engineering 
(^on^inuec").  education  if  it  should  eventually  lead  to  a  standardizing  of  all  the 
catalogues,  as  seems  to  your  Committee  extremely  advisable.  It  is 
evident  that  this  improvement  is  a  practical  one,  and  without  it  neither 
students  nor  parents  can  form  a  just  comparison  of  the  real  work 
covered  in  the  different  schools.  Whether  this  standardizing  of  cata- 
logues can  be  carried  out  or  not  it  is  now  impossible  to  tell,  but  it  is 
a  work  to  which  your  Committee  will  devote  its  attention  as  soon  as 
possible.  In  the  meantime  another  effort  will  be  made  to  collect  reli- 
able statistics  from  the  twenty  selected  institutions  in  such  a  manner 
as  to  bring  them  to  the  same  basis  of  comparison. 

In  finishing  this  brief  report,  your  Committee  desire  to  state  that 
they  are  by  no  means  discouraged  in  their  efforts  to  carry  out  the  wishes 
of  the  Society  in  connection  with  the  proposed  improvements  of  engi- 
neering education.  It  is  a  work  which  cannot  be  hurried  without 
detriment  to  ultimate  results. 

Respectfully  submitted, 

Desmokd  FitzGerald, 
B.  M.  Harrod, 
Charles  Hansel. 

The  President. — You  have  heard  the  Report  of  the  Committee. 
What  is  the  pleasure  of  the  meeting? 

Mr.  Williams. — I  move  that  the  report  be  published  and  placed 
on  file. 

Motion  seconded. 

The  President. — It  has  been  moved  and  seconded  that  the  Report 
of  the  Committee  on  Engineering  Education  be  published  and  placed 
on  file.     All  in  favor  say  "aye";  contrary,  "no."     Carried. 
Report  of  The  Final  Report  of  the  Special  Committee  on  Uniform  Tests  of 

Uniform'^^ests  Cement,  Mr.  George  W.  Webster,  Chairman,  is  now  in  order, 
of  Cement.  A  Member. — The  Chairman  of  the  Committee  has  prepared  a  final 

report,  and  the  Secretary,  ]\Ir.  Humphrey,  will  present  it. 

Richard  L.  Humphrey,  M.  Am.  Soc.  C.  E. — Mr.  President,  I  think 
that  the  final  report  covers  all  the  recommendations  made.  The 
Secretary,  however,  has  a  supplementary  report  by  the  Committee, 
which  I  would  like  to  have  him  read,  and  the  Committee  would  ask 
that  the  reports  be  considered  together. 

The  President. — The  Secretary  will  proceed  with  the  reading  of 
the  supplementary  report. 

The  Secretary. — Is  this  the  supplementary  or  final  report  that 
I  have? 

Mr.  Humphrey. — The  final  report  is  printed;  you  have  the  supple- 
mentary report. 

The  Secretary  read  the  following  report : 
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SUPPLEMENTARY    REPORT   OF    THE    SPECIAL  COMMITTEE    ON 
UNIFORM  TESTS  OF  CEMENT,  SUBMITTED  IN  CON- 
NECTION WITH  ITS  REPORT  TO  THE  ANNUAL 
MEETING,  JANUARY    18th,   1911.* 

Thk  President  and  ]\I embers, 

American  Society  of  Civil  Engineers. 
Gentlemen: — Since  the  publication  of  your  Committee's  prelimi- 
nary report,  January  21,  1903,  the  uniform  methods  of  tests  recom- 
mended have  been  generally  adopted  by  manufacturers  and  consumers 
of  cement,  and  have  proved  satisfactory  except  in  some  slight  respects. 

To  this  general  uniformity  in  practice  there  is  the  important  excep- 
tion of  the  Engineer  Corps  of  the  Army;  the  official  tests  now  in  use 
being  those  formulated  and  adopted  by  a  Board  of  Engineer  Officers 
and  approved  by  the  Secretary  of  War,  June  19,  1901. 

During  the  past  two  years,  more  particularly  during  the  last  year, 
your  Committee  has  sought  concurrence  in  methods  now  presented,  or 
agreement  on  modifications  in  conference  with  the  Chief  of  Engineers; 
as  a  result  he  decided  that  a  new  Board  of  Engineer  Officers  would  be 
necessary  for  the  purpose,  but  preferred  to  await  certain  legislation 
now  pending  before  deciding  on  the  membership  of  such  a  Board. 
Your  Committee  is  now  advised  that  a  new  Board  will  soon  be 
appointed. 

Your  Committee  regards  the  adoption  of  uniform  methods  of  test- 
ing cement  by  all  large  consumers  as  extremely  desirable;  it  seems 
probable  that  through  concurrent  action  of  your  Committee  with  a 
Board  of  Army  Engineers,  the  methods  may  be  further  improved  and 
then  adopted  by  both.  To  this  end  it  recommends  that  it  be  con- 
tinued for  another  year,  and  instructed  to  report  at  the  Annual  Meet- 
ing in  1912  a«y  modifications  in  the  methods  that  may  be  agreed  upon, 
and  then  to  stand  discharged  without  further  action  by  the  Society. 
Respectfully  submitted  on  behalf  of  the  Committee, 

George  S.  Webster,  Chairman. 
EiCHARD  L.  Humphrey,  Secretary. 
January  18,  1911. 
The  following  members  of  the  Committee,  in  attendance  at  its  last 
meeting,  approved  this  report : 

Alfred  Noble, 
Clifford  Richardson, 
George  S.  Webster, 
Richard  L.  Humphrey. 

Mr.  Humphrey.— I  move  that  the  Committee  be  continued  until 
1912,  as  requested. 
Motion  seconded. 


*The  Report  of  the  Committee  is  printed  on  pp.  105  to  118. 
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Rep9rt  of  The  PRESIDENT. — It  has  been  moved  and  seconded  that  the  Special 

Uniform  Tests  Committee  on  Uniform  Tests  of  Cement  be  continued,  and  the  report, 

(coiitinued)     ^  presume,  be  published  as  read  by  the  Secretary.     All  in  favor  of  this 

motion    will    please    say    "aye";    contrary,    "no."      Carried.     Will   the 

members  please  come  to  order.     The  Secretary  finds  it  difficult  to  make 

himself  heard. 

The  Secretary. — There  is  a  printed  report  here  with  a  great  many 
corrections  in  it.     I  presume  I  can  straighten  this  out. 

Mr.  Humphrey. — All  the  corrections  are  made  in  red  ink. 

The  Secretary. — Is  this  printed  one  with  corrections  in  red  ink 
supposed  to  be  the  final  report? 

Mr.  Humphrey. — It  is.* 

The  President. — The  Report  of  the  Special  Committee  on  Con- 
crete and  Reinforced  Concrete  is  now  in  order.  Is  Mr.  Schneider 
making  any  report? 

Mr.  Humphrey.— The  committee  has  no  report  to  make  this  year. 
Report  of  The    SECRETARY. — Mr.    President,    Mr.    Blanchard   is   here   now   to 

on^BiturnVaous  P^^sent  the  Report  of  the  Special  Committee  on  Bituminous  Materials 
Materials  for   for  Road  Construction. 

Construction.         The  PRESIDENT. — We  will  take  up  the  report  of  your  Committee, 
Mr.  Blanchard. 

Mr.  Blanchard  read  the  Progress  Report  of  the  Special  Committee 
on  Bituminous  Materials  for  Road  Construction.f 

The  President. — You  have  heard  the  report,  gentlemen.  Any  dis- 
cussion? 

Mr,  FitzGerald. — Mr.  President,  I  hope  that  some  time  Mr. 
Blanchard  will  give  the  Society  the  same  account  that  he  gave  us  in 
Boston  in  regard  to  Road  Construction  on  the  "Other  Side  of  the 
Water."  It  was  one  of  the  most  interesting  and  charming  addresses 
I  ever  heard,  and  was  as  full  as  a  nut  of  meat.  I  think  that  the  Society 
should  have  the  benefit  of  it. 

The  President. — What  will  you  do  with  the  report?  Will  you 
make  a  recommendation,  Mr.  Blanchard,  in  regard  to  the  report? 

A.  H.  Blanchard,  M.  Am.  Soc.  C.  E. — I  would  rather  have  some- 
body else  do  it. 

Mr.  Williams. — I  move  that  the  report  be  published  and  placed 
on  file. 

Motion  seconded. 

The  President. — It  is  moved  and  seconded  that  the  report  be 
received,  published,  and  placed  on  file.  All  in  favor  say  "aye";  con- 
trary, "no."     Carried. 

The  next  matter  in  order  will  be  the  Amendment  to  the  Constitu- 
tion. 


*  This  report  was  not  read  to  the  meeting;  it  is  printed  on  pp.  10.5  to  118. 
tSee  Proceedings,  Am.  Soc.  C.  E.,  Vol.  XXXVI,  p.  569  (December,  1910). 
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TiiK    SiccHKTARV. — Mr.    President,    before    beginning    with    that    I  Announcpment 
should  like  to  ask  Mr.  F.  K.  Harris,  of  the  Committee  on  Arrange-    Excu^sionU) 
monts  of  the   Meeting,  to  make  a   statement   in  regard  to  the  Navy     ^**^y  Yard. 
Yard  trip  this  afternoon,  with  which  he  is  familiar. 

F.  R.  PTakius,  ^r.  Am.  Soc.  C.  E. — Mr.  President  and  Gentlemen, 
1  want  to  announce  to  those  who  are  present  and  who  intend  to  visit 
tlie  Xavy  Yard  that  the  naval  tug  will  leave  the  foot  of  East  24th 
Street  at  a  quarter  past  one.  If  any  one  desires  to  go  over  to  the 
Yard  by  another  way,  why,  the  Subway  down  to  the  Brooklyn  Bridge 
will  answer,  and  then  from  there  the  Flushing  and  Graham  Avenue 
car  will  take  them  to  the  Sands  Street  gate.  The  programme  is,  on 
landing  at  the  Yard,  to  go  up  to  Building  Thirteen,  where  a  light 
luncheon  will  first  be  served,  and  to  leave  Building  Thirteen  at  about 
tliree  or  a  quarter  to  three  and  visit  places  of  interest  in  the  Y'ard. 

The  Secretary. — The  following  proposed  amendment  to  the  Con-      Proposed 
stitution,  having  been  received  on  the  first  Wednesday  in  November,       '"t<?tbe*'°*^ 
1!U0,  is  in  accordance  with  the  Constitution  brought  before  this  Annual   Constitution. 
Meeting  for  action: 

Amend  Article  IV,  as  follows : 

Add  at  the  end  of  Article  IV,  the  following : 

"13.  Corporate  Members  and  Associates  who  have  reached  the  age 
of  seventy  years,  and  who  have  paid  dues  as  such  for  twenty-five  years, 
shall  be  cxemiit  from  further  dues.  Corporate  Members  and  Associates 
who  have  paid  dues  as  such  for  thirty-five  years  shall  be  exempt  from 
further  dues." 

This  amendment  is  signed  by  Messrs.  Kenneth  Allen,  A.  L.  Bow- 
man. F.  W.  Gardiner,  J.  A.  Knighton,  C.  D.  Pollock,  Robert  Ridgway, 
J.  Waldo  Smith,  and  George  W.  Tillson;  and,  according  to  the  Consti- 
tution, comes  before  this  Meeting  under  this  clause: 

"Amendments  presented  to  the  Secretary  on  or  before  the  first 
Wednesday  in  November  shall  be  sent  by  letter  to  the  several  Corporate 
Members  of  the  Society  at  least  twenty-five  days  previous  to  the 
Annual  Meeting.  Such  amendments  shall  be  in  order  for  discussion 
at  such  Annual  Meeting,  and  may  be  amended  in  any  manner  pertinent 
to  the  original  amendments  by  a  majority  vote  of  the  Annual  Meeting, 
and  if  so  amended  shall  be  voted  upon  by  letter-ballot  in  form  as 
amended  by  the  Annual  Meeting;  if  not  so  amended,  they  shall  be 
voted  upon  by  letter-ballot  as  submitted.  The  vote  to  be  counted  at  the 
first  regular  meeting  in  March." 

The  President. — Y^oii  have  heard  the  amendment  proposed.  Is 
there  any  discussion? 

Mr.  FitzGerald. — I  would  like  to  inquire  what  percentage  of  the   Discussion  on 

1         1  •  -Ti  ,  rr  1  1         1  Constitutional 

membership  will  be  affected  by  those  two  amendments.  Amendment. 

The  President. — The  percentage  has  not  been  figured  out. 

The   Secretary. — It  is   a  very  complicated  affair.   IVfr.  President. 

I  can  say  for  the  information  of  the  members  of  the  Society  that 
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Discussion  on  the  Board  of  Direction  has  had  a  committee  working  on  this  matter 
Amendment  ^^r  about  two  years,  and  has  gone  quite  deeply  into  the  statistics  of 
(continued),  jggg  ^^xat  the  Society  might  possibly  sustain.  It  is  the  opinion  of  that 
Committee  and  of  the  Board  of  Direction  that  the  effect  of  this  amend- 
ment would  not  be  very  appreciable  on  the  funds  of  the  Society. 

The  fact  is  that  under  the  present  Constitution  the  Board  of 
Direction  may  temporarily  excuse  a  member  from  the  payment  of 
dues  on  being  furnished  with  evidence  giving  good  reason  for  so 
doing;  and  the  Board  has  always  done  that  whenever  it  could  get 
that  information.  A  number  of  the  older  members  of  the  Society  are 
now  without  payment  of  dues. 

It  has  been  felt,  in  handling  this  matter,  that  it  is  rather  un- 
comfortable for  the  member,  and  that  if  action  of  this  kind,  which 
would  be  automatic,  could  be  taken,  it  would  relieve  both  the  Board 
and  the  member  of  considerable  difficulty. 

A  Member. — In  order  to  get  the  question  before  the  Meeting  I 
move  that  the  amendment  as  proposed  be  adopted  and  passed  to  ballot. 

Mr.  Williams. — I  second  it. 

F.  S.  Curtis,  M.  Am.  Soc.  C.  E. — I  want  to  ask  this:  The  passing 
of  this  amendment  to  the  Constitution  does  not  relieve  the  Board  of 
Direction  from  exempting  a  member  if  it  sees  fit  and  he  is  under  age. 
I  do  not  understand  that  this  would  relieve  the  Board  of  Direction  in 
that  respect,  it  having  that  authority. 

Mr.  FitzGerald. — It  seems  to  me  that  this  plan  of  leaving  out  the 
older  members  of  the  Society  who  have  paid  their  dues  for  thirty-five 
years,  is  one  of  the  most  outrageous  ones  that  I  ever  heard  brought 
before  the  Society.  Now,  may  I  ask  why  it  is?  Are  you  afraid  that, 
after  a  man  has  paid  his  dues  for  thirty-five  years,  he  is  not  going  to 
pay  them  beyond  that  time?  It  seems  to  me  perfectly  absurd.  As  I 
look  about  I  can  see  millions  of  men  of  over  thirty-five  who  have 
paid  their  dues  for  over  thirty-five  years  in  this  Society,  and  it  is 
perfectly  surprising  when  you  come  back  to  this  Annual  Meeting  to 
see  how  well  and  strong  they  are — all  these  old  men  as  they  are  called — 
and  how  ready  they  are  to  work  for  the  Society,  and  now  we  are  going 
to  be  put  on  the  shelf,  where  we  will  not  have  to  pay  any  more  dues 
and  take  no  more  interest  in  the  Society. 

Now,  Mr.  President,  I  don't  believe  it  is  such  an  embarrassing 
question  for  the  Board  of  Direction,  or  for  the  officers  of  the  Society, 
or  for  these  old  gentlemen,  and  I  do  not  think  we  ought — for  the  sake 
of  a  morbid  idea  as  to  the  inability  of  these  men  to  pay — I  do  not  think 
we  should  put  such  an  obstacle  in  the  way  of  these  millions  of  old 
gentlemen  who  have  paid  their  dues  for  thirty-five  years. 

Edward  P.  North,  M.  Am.  Soc.  C.  E. — Mr.  President,  the  men  who 
come  here  are  not  the  men  who  are  impecunious.  I  believe  almost 
every  man  who  has  gray  hairs  in  his  head  knows  of  men  who  have 
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been  active  as  engineers,  more  or  less  successful,  and  have  been  active 
in  the  interests  of  the  Society,  who  are  now  impecunious.  No  man 
likes  to  admit  that  he  is  poor.  At  the  same  time,  there  are  men  of  over 
sixty,  over  seventy,  who  are  poor.  They  are  poor,  not  from  any  fault, 
but  from  a  lack  of  judgment,  and  it  seems  to  me  reasonable  and 
desirable  that,  after  a  man  has  paid  his  annual  duos  for  thirty-five 
years,  he  should  be  excused  from  paying  anything  more. 

Mr.  Curtis.^ — I  do  not  understand  this,  quite.  If  they  are  excused 
from  the  payment  of  dues  they  have  no  right  to  a  vote.  They  do  not 
pay  anything,  and  they  cannot  vote,  but  I  think  that  the  old  men 
ought  to  rally  around  this,  ought  to  come  to  the  rescue,  and  beat  it. 
I  don't  like  it.  I  am  getting  old,  too,  and  if  a  man  cannot  pay  it  is 
with  the  Board  to  excuse  him.  It  has  that  right;  but  for  us  to  pass  any 
act  of  that  kind  or  any  amendment  to  our  Constitution  relieving  any 
men  from  payment  because  they  are  old,  I  should  hate  to  have  it 
get  out. 

Mr.  FitzGerald. — Mr.  President,  it  seems  to  me  a  wrong  principle 
to  tr>'  and  raise  our  sympathies  on  the  score  of  impecuniosity.  I  am 
sure  that  I  have  as  hearty  a  sympathy  as  the  gentleman  who  spoke  a 
moment  ago  on  that  subject,  but  I  believe  you  will  find  it  a  fact,  gentle- 
men, that  the  men  who  find  it  hardest  to  pay  their  dues  are  the  young 
men,  and  I  think  it  is  to  the  young  men  of  the  Society  that  we  should 
offer  relief. 

I  was  once  young  myself,  and  I  know  how  hard  it  was  then  to 
make  both  ends  meet,  and  how  hard  it  was  to  pay  to  a  Society  dues 
that  amounted  to  as  much  as  our  dues  are.  But  I  think  that  is  a 
ver>-  large  class,  and  if  you  want  any  sympathies,  they  are  as  much 
entitled  to  sympathy  as  the  few  old  gentlemen  who  cannot  afford  to 
pay,  and  I  think  that  the  Society  can  veiy  well  afford  to  carry  those 
men  along;  but  don't  go  to  work  and  kick  all  the  rest  of  us  on  the 
top  shelf. 

The  President. — May  I  state,  on  behalf  of  the  Board  of  Direction, 
that  this  proposition  is  in  the  nature  of  an  amendment,  that  there  is 
no  proposition  of  charity,  or  impecuniosity,  or  any  consideration  of 
either  of  those  subjects.  The  matter,  as  it  has  come  up  in  discussion 
from  time  to  time,  is  one  that  seems  to  many  of  us  to  be  of  an  absolute 
right  of  a  man  who  has  paid  dues  for  a  long  period  of  years  to  be, 
after  a  certain  period  of  time,  immune  from  further  payment. 

A  Member. — I  would  like  to  ask  whether  there  is  anything  in  this 
amendment,  if  it  is  carried,  by  which  these  men  who  are  relieved  from 
further  payment  of  dues,  do  not  have  a  vote? 

The  Secretary. — No,  nothing  that  I  see. 

Mr.  Williams. — Nothing  whatever. 

The  President. — Is  there  any  further  discussion  on  the  proposed 
amendment  ? 


86  REPORT  OF  THE  ANNUAL  MEETING  [Society 

Discussion  on         Mr.  North. — There  is  nothing  in  the  amendment  that  will  prevent 

Constitutional  ,  .  -  t  •  p  ,^  j.  j. 

Amendment    members  irom  paying  dues  it  they  want  to. 

(continued.)  ^j^    FitzGkrald.— I   Still   Contend,    Mr.    President,   that   this   is    a 

wrong  principle,  and  we  ought  to  vote  it  down.  You  do  not  want  to 
take  away  the  interest  in  this  Society  that  comes  from  your  older 
members,  and  when  they  come  up  and  pay  their  dues  regularly,  and 
in  the  regular  course  of  business  that  is  all  well  and  proper,  but  they 
want  to  offer  it  as  a  gratuity,  after  being  exempt,  they  do  not  want  to 
be  put  in  the  position  of  giving  money  to  the  Society,  or  being  forced 
to  give  it.  It  is  a  right  of  ours  to  pay  our  dues  and  keep  on  paying 
them  as  long  as  we  can. 

Mr.  North. — Suppose  a  man  has  compounded  his  dues,  will  he  not 
have  paid  as  much  in  twenty-five  years  as  the  dues  will  amount  to  ? 

The  President.^ — Pie  would  have  paid  less  than  in  the  case  of  this 
amendment. 

S.  Whinery,  M.  Am.  Soc.  C.  E. — Mr.  President,  I  would  like  to 
call  attention  to  the  fact  that  the  course  that  this  Annual  Meeting 
should  pursue  is  directly  stated  in  the  Constitution.  Neither  this 
meeting  nor  any  other  meeting  has  any  right  to  vote  down  any  proposed 
amendment  of  the  Constitution.  The  course  prescribed  by  the  Con- 
stitution is  that  it  shall  be  presented  at  this  meeting;  it  may  be 
amended  in  any  particular,  but  this  meeting  cannot  prevent,  according 
to  the  Constitution,  the  submission  of  this  amendment  to  a  letter- 
ballot  as  prescribed,  so  that  we  cannot  vote  it  down  here. 

Mr.  Williams. — Mr.  President,  in  reply  to  my  friend  from  Boston, 
I  would  like  to  inquire  whether  the  man  who  has  compounded  his 
dues,  or  become  a  life  member  of  this  organization,  takes  any  less 
interest  in  it  than  the  man  who  has  paid  his  dues  every  year. 

Now  the  way  that  the  Board  of  Direction  looks  at  this  is  that 
when  a  man  has  paid  his  dues  for  thirty-five  years  he  has  practically 
compounded  them,  and  has  therefore  become  a  life  member  and  is 
entitled  to  all  the  proceeds  that  accrue  to  a  member  thereafter.  I 
think  that  is  an  eminently  proper  view  to  take,  and  I  shall  not  be 
opposed  to  it  when  the  time  comes  when  I  shall  have  paid  dues  for 
thirty-five  years.     I  am  a  long  way  from  it,  but  I  may  get  there. 

Mr.  FitzGerald. — When  the  gentleman  arrives  at  that  point  he 
will  not  desire  to  be  ])laced  in  a  position  where  he  is  going  to  get 
something  from  the  Society  for  nothing. 

Mr.  North. — He  is  not  getting  anything  from  the  Society  for 
nothing.  A  Resident  Member  who  pays  his  dues  for  thirty-five  years 
pays  $875,  and  by  compounding  his  dues  he  pays  only  $325.  It  is 
perfectly  proper  for  a  Resident  Member  to  pay  $325  when  he  enters 
this  Society  and  compound  his  dues  for  life.  The  Society  does  not  get 
so  much  from  a  compounding  member  as  from  the  man  who  has  paid 
his  dues  for  thirty-five  years. 
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Mr.  FitzGkhald. — That  is  the  whole  trouble  about  this  great  ques- 
tion. It  is  a  commercial  one,  and  I  am  astonished  to  see  my  friend 
put  himself  on  a  commercial  basis.  He  leaves  out  of  the  question 
entirely  the  nuitter  of  sentiment.  When  a  man  comes  forward  and 
compounds  his  dues,  he  goes  through  an  act  of  self-denial.  He  puts 
up  something  that  is  going  to  bring  him  something  for  the  rest  of  his 
life.  It  is  done  as  an  act  of  self-denial;  but  here  you  are  taking  the 
position  that  because  I  have  paid  my  dues  for  thirty-five  years,  then 
I  am  entitled  to  something  which  I  did  not  know  anything  about  until 
this  present  moment. 

A  ^Ie.mber.- — Mr.  President,  I  think  1  can  speak  on  this  subject  from 
an  unselfish  standpoint  because  unhappily  I  joined  the  Society  at  an 
age  too  far  advanced  ever  to  be  able  to  take  advantage  of  the  proposed 
ameiulment;  but  it  does  seem  not  out  of  place  to  point  out  to  you  that 
in  a  number  of  clubs  and  voluntary  associations  the  principle  is  opera- 
tive that  if  a  num  pays  dues  for  a  good  number  of  years  he  may  not 
have  to  pay  further.  I  think  that  will  be  found  to  be  the  case  with 
respect  to  a  number  of  clubs  and  voluntary  associations. 

Secondly,  those  of  us  who  are  fortunate  enough  to  have  served  the 
United  States  do  not  look  forward  to  a  retired  list  as  anything  disgrace- 
ful, and  it  seems  to  me  that  men  who  have  done  the  great  service 
that  so  many  members  of  this  Society  have  done  for  the  public,  have 
a  right  to  feel  that  having  paid  a  large  sum  of  money  into  the  Society, 
the  non-payment  of  dues  is  not  a  reward  to  them,  but  a  recognition 
of  their  long  and  faithful  service. 

The  President. — Are  there  any  amendments  to  be  offered?  If  not, 
the  amendment  as  proposed 

Bernard  K.  Green,  M.  Am.  Soc.  C,  E. — If  you  please,  Mr.  Presi- 
dent, I  think  this  amendment  proposed  by  the  Board  of  Direction,  after 
careful  consideration,  will  be  passed  by  a  large  majority.  Lest  I  should 
be  misunderstood,  I  shall  say  that  I  compounded  or  commuted  some 
years  ago  for  all  my  dues.  Perhaps  I  am  the  first  one  to  speak,  who 
advocates  this  amendment,  who  is  in  that  position. 

The  President. — You  have  heard  the  amendment  proposed.  All  in 
favor  of  the  amendment  as  read,  please  say  "aye";  contrary,  "no."  The 
ayes  have  it. 

The  members  will  please  come  to  order.  The  Secretary  will  read  the  Report  of  the 
action  of  the  Board  of  Direction  at  the  last  meeting  regarding  the  Direction  in 
licensing  of  engineers.  mSdr  Civil 

The  Secretary  read  the  Kesolutiou  of  the  Board  of  Direction  and     Engineers, 
the  proposed  form  of  bill  licensing  engineers.* 

The  President. — There  being  no   recommendation   regarding  any 
definite  action  by  the  Society  in  regard  to  this  matter,  and  also  the 
publication  of  the  proposed  bill,  should  such  legislation  be  taken  up, 
*  See  Proceedings,  Am.  Soc.  C.  E.,  Vol.  XXXVII,  p.  7  (January,  1911) 
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Discussion  on  being  in  the  hands  of  every  member,  unless  some  gentleman  cares  to 
'Engineers^'  make  any  remarks  on  the  subject  in  that  way,  there  is  no  subject 
before  the  meeting  for  consideration. 

A  Member. — Is  there  any  motion? 

Mr.  FitzGerald. — There  is  a  motion  before  the  meeting,  is  there 
not? 

The  President. — No,  sir. 

Mr.  FitzGerald. — "Resolved,  that  the  Board  of  Direction  of  the 
American  Society  of  Civil  Engineers  does  not  deem  it  necessary  or 
desirable  that  Civil  Engineers  should  be  licensed  in  any  State." 

The  President. — That  is  a  resolution  adopted  by  the  Board  of 
Direction. 

Mr.  FitzGerald. — But  it  is  before  us  novf. 

The  President. — Not  unless  there  is  a  motion  made,  Mr.  FitzGerald. 

Mr.  FitzGerald. — For  the  sake  of  advancing  business,  I  move  that 
the  American  Society  of  Civil  Engineers  does  not  deem  it  necessary  or 
desirable  that  Civil  Engineers  should  be  licensed  in  any  State. 

Mr.  North. — I  second  the  motion. 

The  President. — I  think  possibly  there  is  a  misconception  with 
regard  to  the  way  this  matter  stands.  This  matter  was  referred  to  the 
Board  of  Direction,  whose  report  you  have  just  heard  read,  and  the 
Board  simply  has  made  a  recommendation  or  put  before  the  meeting 
a  certain  number  of  resolutions  which  are,  in  effect,  that  the  Board 
does  not  deem  it  necessary  or  desirable  at  the  present  time  that  Civil 
Engineers  should  be  licensed. 

Mr.  FitzGerald. — Yes;  therefore  I  have  changed  the  phraseology, 
and  for  the  sake  of  bringing  the  matter  before  this  meeting,  I  move, 
Mr.  President,  that  the  American  Society  of  Civil  Engineers  does  not 
deem  it  necessary  or  desirable  that  Civil  Engineers  should  be  licensed 
in  any  State. 

The  President. — I  take  it,  Mr.  FitzGerald,  that  you  can  hardly 
make  such  a  motion.  The  Society  has  not  yet  taken  up  the  matter 
or  decided  on  it  in  any  way,  except  to  refer  the  whole  matter  to  the 
Board,  and  while  you  may  make  a  motion  that  might  be  carried  by  this 
meeting,  you  could  not  at  this  meeting  voice  the  whole  Society,  even 
if  any  particular  recommendation  were  carried. 

The  Chair  holds  that  there  is  no  motion  before  the  meeting  at  the 
present  time. 

Herbert  C.  Keith,  M.  Am.  Soc.  C.  E. — I  move  that  it  is  the  sense 
of  this  meeting  that  the  proposal  of  the  Board  of  Direction  should  be 
endorsed  by  the  Society. 

The  President. — By  the  meeting,  sir? 

Mr.  Keith. — By  the  meeting. 

The  President. — You  have  heard  the  motion.  Any  remarks  are  in 
order. 
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AIk,  WiiiNERY. — Mr.  President,  whatever  may  be  our  opinion  as  to 
the  desirability  or  not  of  adopting  a  general  law  throughout  the 
States,  by  the  different  States,  for  the  control  of  the  practice  of 
Engineering,  1  doubt  very  much,  in  the  first  place,  the  propriety  of 
this  Society  undertaking  to  recomniund  any  definite  law  on  the 
subject. 

Furthermore,  I  do  not  understand  from  the  Proceedings  of  the 
Annual  Convention  at  Chicago,  which  I  understood  to  have  authorized 
this  action,  that  the  Society  had  authorized  the  Board  to  formulate 
and  send  out,  without  further  sanction  of  the  Society,  any  definite 
proposed  law  bearing  on  the  subject. 

I  do  not  think  that  the  action  of  the  Chicago  Convention  authorized 
the  Board  to  take  such  action  or  any  action  of  that  kind.  I  am 
opposed  to  that  action,  and  I  am  also  opposed,  on  a  good  many  points, 
to  the  law  which  is  proposed,  because  I  deem  it  imperfect  and  un- 
satisfactory in  many  respects.    I  am  therefore  opposed  to  the  motion. 

A  Member. — Might  I  ask,  for  my  own  satisfaction,  what  view  the 
Board  of  Direction  would  take  in  case  some  one  State  insisted  on 
having  the  Civil  Engineers  licensed  and  the  others  did  not. 

The  President. — The  Board  of  Direction  calls  attention  to  the 
fact  that,  in  its  opinion,  it  is  not  desirable  that  Civil  Engineers  should 
be  licensed,  but  that,  in  the  event  of  the  preparation  in  any  State  of 
any  bill,  the  bill  that  you  have  in  your  hands,  or  one  similar  to  that, 
should  be  the  kind  of  a  bill  which  should  be  passed. 

A  Member. — Mr.  President,  I  would  like  to  ask  if  the  Committee 
or  the  Board  of  Direction  considered  those  States  that  now  have  such 
statutes  in  force  regarding  Civil  Engineers  to  be  licensed,  such  as  I 
think  the  State  of  Wyoming.  I  happen  to  know  that  that  State  has 
such  a  law. 

The  President. — Yes,  sir;  the  Board  of  Direction  received  copies 
of  all  legislation  in  every  State,  and  also  in  Canada,  and  considered 
the  matter  in  the  preparation  of  its  report  which  it  now  makes.  There 
is  a  motion  before  the  meeting  that  the  report  of  the  Board  of  Direction 
be  adopted  and  approved  as  the  sense  of  this  meeting.  All  in  favor 
of   that  motion 

A  Member. — What  part  of  this  report  is  to  be  adopted,  the  preamble 
1-  the  law? 

The  President. — The  report  is  before  yoi;  and  the  recommendation 
is  that  the  report  be  adopted  as  prepared  by  the  Board  of  Direction. 

Mr.  FitzGerald. — I  hope  you  will  not  move  this  motion  along  too 
rapidly,  Mr.  President.  I  think  it  is  a  very  important  matter,  and 
I  do  not  understand  that  there  is  a  motion  before  the  House  to  accept 
and  adopt  this  report.  I  am  perfectly  willing,  and  I  now  move,  if  you 
wish  another  motion,  that  we  accept  this  report  of  the  Board  of 
Direction  for  the  purpose  of  examining  it  a  little  further. 
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Discussion  on         The   PRESIDENT. — There   is   a   motion   before   the   meeting  for   the 
^' Enginee?r"  adoption  by  this  meeting  of  the  report  of  the  Board  of  Direction, 
(continued).  ]\fR_  FitzGerald. — It  has  been  made? 

The  President. — Yes,  made  and  seconded. 

Mr.  FitzGerald. — Then  1  move  an  amendment.  I  move  that  the 
word  "adopted"  be  left  out  of  that  motion;  that  we  receive  this  report, 
but  it  does  not  strike  me  that  we  are  ready  to  adopt  it  yet. 

The  President. — May  I  ask  if  you  would  repeat  your  motion,  or 
your   amendment  ? 

Mr.  FitzGerald. — I  move  as  an  amendment  that  this  meeting  accept 
this  report  for  the  purpose  of  examining  it,  but  I  hope  it  will  not  be 
adopted  quite  yet. 

A  Member. — I  second  that  amendment.  I  think  this  Society  should 
consider  that  question  veiy  carefully. 

Mr.  Williams. — I  rise  to  a  point  of  order,  in  regard  to  the  language 
of  this  motion.  It  is  the  same  one  that  apparently  got  some  members 
of  this  Society  into  trouble  before,  and  if  I  may  be  allowed,  I  will 
explain  the  parliamentary  usage  in  regard  to  "adopt,"  "accept,"  and 
"receive."  The  report  has  already  been  received,  it  having  been  read 
by  the  Secretary.  It  is  now  before  the  meeting  for  discussion,  and  is 
therefore  received;  so  that  no  motion  to  receive  is  in  order.  If  the 
report  had  not  been  read  and  the  Secretary  should  announce  that  such 
a  report  was  there,  or  that  a  Committee  was  ready  to  present  it,  it 
would  then  be  proper  to  make  a  motion  to  receive  it. 

Now  as  to  "accept"  and  "adopt,"  the  effect  is  practically  the  same. 
If  you  accept  a  report  you  make  the  report  of  that  Committee  the 
action  of  the  meeting.  The  only  distinction  to  be  made  is  that  where 
a  report  embodies  resolutions  it  is  considered  more  proper  to  "adopt" 
than  merely  to  "accept."  Wliere  it  simply  considers  a  recommenda- 
tion, it  is  perhaps  better  language  to  move  to  "accept."  Now  if  we 
accept  this  report  we  do  the  same  thing  as  though  we  adopt  it.  It  is 
now  before  us  for  discussion.  If  you  want  to  discuss  it,  go  ahead  and 
discuss  it,  and  when  you  get  through  amend  it  or  do  whatever  you  have 
authority  to  do  with  it;  but  do  not  let  us  get  tangled  up  in  parlia- 
mentary phrases  here  which  really  do  not  change  the  situation  at  all. 

A  Member.- — It  seems  to  me  that  this  bill  ought  not  to  be  adopted 
by  this  Society  imtil  it  has  been  read  and  submitted  to  the  entire 
membership.  I  have  not  had  an  opportunity  to  examine  the  bill.  It 
seems  to  me  that  while  the  Board  of  Direction  may  have  acted  on  all 
the  information  that  it  has  been  able  to  obtain,  it  would  be  better  to 
receive  the  report  and  then  have  the  bill  printed  and  then  set  before  the 
membership  of  the  Society  for  final  action,  but  it  seems  to  me  danger- 
ous to  say  that  this  is  a  bill  that  has  the  sanction  of  the  Society  and 
that  the  Society  would  approve  if  adopted  by  another  State. 

For  the  purpose  of  bringing  that  before  the  meeting,  I  move  that 
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the  report  be  received  and  that  the  law  be  printed  and  sent  out  to  the 
membership  and  the  matter  continued. 

J.  F.  O'KouRKE,  M.  Am.  Soc.  C.  E. — Mr.  President,  a  gentleman 
has  asked  a  question  which  I  do  not  believe  any  gentleman  can  answer, 
but  there  is  one  course  of  action  open  to  the  meeting  that  1  believe 
everybody  will  fullj*  understand.  I  think  we  all  look  on  this  licensing 
as  a  farce,  anyhow.  I  do  not  think  we  ought  to  pay  enough  attention 
to  it  to  send  it  out  to  the  membership;  and  I  move,  Mr.  President, 
therefore,  that  the  matter  be  laid  on  the  table. 

A  Member. — Do  I  understand  that  the  resolution  under  which  the 
Board  acted  before  made  its  action  final  now,  or  has  it  got  to  go  back 
to  the  body  of  the  Society  for  final  action  ? 

The  President. — It  is  a  report  made  by  the  Board  of  Direction  now 
before  this  meeting.  The  Secretary  will  read  the  resolution  adopted 
at  the  Convention  which  will  show  the  members  present  why  the 
Board  acted. 

W.  R.  Hill,  M.  Am.  Soc.  C.  E. — Was  the  motion  seconded?  I 
second   the  motion. 

The  President. — That  is  the  motion  which  Mr.  O'Rourke 

Mr.  O'Eourke. — It  is  a  motion  to  lay  on  the  table.  It  is  an 
original  motion  and  made  as  such. 

Motion  seconded. 

The  President. — The  motion  is  that  the  report  be  laid  on  the  table. 
All  in  favor  of  that  motion,  please  say  "aye";  contrary,  "no." 

I  think  we  will  have  to  have  a  count  by  a  rising  vote.  Will  the 
gentlemen  who  are  in  the  rear  be  kind  enough  to  go  out  in  the  hall 
or  seek  a  seat  so  that  we  can  count. 

A  Member. — They  can  raise  their  hands,  Mr.  President. 

The  President. — Every  man  having  two  hands,  it  might  make  a 
difficulty  in  the  count.  I  would  ask  all  those  members  in  favor  of 
putting  the  report  made  by  the  Board  of  Direction  since  the  last  Con- 
vention, this  motion  being  to  place  this  report  in  a  state  of  innocuous 
desuetude  by  placing  it  on  the  table,  to  rise. 

The  Secretary. — (Counting.)  A  hundred  and  one,  as  near  as  I 
can  get  it. 

The  President. — Those  who  believe  in  a  contrary  order  of  pro- 
cedure, and  that  the  report  be  not  placed  on  the  table,  will  now  be 
kind  enough  to  rise. 

The  Secretary. — (Counting.)  A  hundred  and  one. 

The  President. — The  Secretary  not  having  counted  the  President's 
vote,  I  declare  my  vote  for  not  placing  it  on  the  table,  and  declare  the 
motion  not  carried. 

A  Member. — What  effect  would  the  recommendation  of  the  Board 
have,  whether  it  is  for  or  against;  what  effect  would  the  recommenda- 
tion have  by  the  Board? 
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Discussion  on  The  PRESIDENT. — Having  returned  from  Albany  but  yesterday,  I 
^'E^ngineerr'^  Cannot  tell  what  effect  any  recommendation  might  have  on  any  ordinary 
(continued),    politician,  right  off. 

Mr.  FitzGerald. — I  wish  to  state  that  I  was  in  sympathy  with  the 
other  way  to  that  which  I  voted,  but  I  believe  in  fair  play,  and  I  do 
not  believe  now  in  putting  a  motion  before  the  meeting  in  such  a 
form  as  to  stifle  all  consideration  at  all.  I  think  this  is  too  important 
a  matter,  and  that  is  the  reason  I  voted  with  you,  Mr.  President. 

The  President. — Thank  you. 

Mr.  FitzGerald. — Although  I  feel  the  other  way,  and  I  hope  now 
that  the  gentleman  who  made  that  motion  will  put  his  motion  in  a 
form  that  will  bring  forth  some  information,  and  in  order  that  the 
gentlemen  who  have  really  made  a  study  of  this  law  can  state  to  us 
in  a  few  words  some  of  the  benefits  and  some  of  the  reasons  why  it 
should  be  adopted. 

H.  L.  Wilson,  M.  Am.  Soo.  C.  E.— Mr.  President,  T  voted  to  table 
the  motion  for  the  reason  that  I  and  many  about  me  with  whom 
I  spoke  did  not  know  the  subject  of  the  report  of  the  com- 
mittee. We  understood  that  there  was  a  preamble  which  was  read,  and 
gathered  from  what  was  said  that  there  was  more  to  be  read.  I  do  not 
think  it  is  fair  to  us  that  we  should  vote  on  a  subject  unless  it  is  read 
in  full.  I  therefore  move  that  the  report  be  read  in  full  before  other 
action  is  taken. 

The  President. — I  think,  for  the  information  of  the  members,  that 
perhaps  a  few  words  might  be  said.  The  Board  was  confronted  with 
the  fact  last  year  that  legislation  along  the  lines  of  licensing  engineers 
was  attempted  and  very  nearly  carried  through  in  the  State  of  New 
York.  We  found  on  further  examination  that  legislation  licensing 
engineers  is  effective  in  several  of  the  States  of  this  Union. 

Now,  with  the  threats  of  the  people  who  introduced  the  legislation 
last  year  in  the  New  York  Legislature,  and  with  the  knowledge  obtained 
by  the  committee  having  the  matter  in  charge  at  Albany,  the  Board 
reported  last  summer  at  the  Convention  that,  in  its  opinion,  legislation 
would  certainly  be  enacted;  and  in  accordance  with  a  full  report  that 
was  made  at  that  time  by  a  Special  Committee,  the  Convention,  after 
a  full  consideration  of  the  matter,  voted  that  the  matter  of  licensing 
engineers  be  left  with  the  Board  of  Direction  with  power.  That,  I  take 
it,  would  give  power  to  the  Board  of  Direction  to  ask  for  legislation 
in  any  State. 

However,  the  Board  did  not  proceed  to  ask  for  any  legislation,  but 
has  proposed  this  draft  which  it  submits  to  this  meeting.  The  bill, 
which  it  states  plainly  is  one  that  it  only  recommends  in  case  that 
legislation  is  adopted,  is  one  that  it  recommends  as  being  a  method 
of  procedure  in  case  legislation  is  started,  but  it  gives  the  weight  of 
its  opinion  to  the  effect  that  legislation   is  not  necessary.     Go  any- 
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where,  before  any  legislative  body  in  regard  to  this  matter,  if  it  were 
carried  out  by  this  meeting,  and  could  anything  be  more  clear  than 
that  this  Society  does  not  ask  for  or  approve  of  any  bill  for  the 
licensing  of  engineers? 

We  start  out  with  that  as  the  first  proposition,  but  if  we  find  that 
certain  legislation  is  going  to  be  passed,  I  myself  deem  it  imperative 
that  it  be  carried  out  along  lines  which  will  benefit  and  not  act  to  the 
detriment  of  members  of  this  Society  who  are  practicing  their 
[)rofession. 

Charles  F.  Loweth,  M.  Am.  Soc.  C.  E. — Mr.  President,  it  seems 
to  me  we  would  make  progress  in  this  matter  if  we  would  try  to 
consider  these  resolutions  at  this  meeting.  I  therefore  move  that  it  be 
the  sense  of  this  meeting  that  the  preamble  of  the  resolution  of  the 
Board   of  Direction  be   approved. 

Motion  seconded. 

Mr.  Curtis. — ]\Ir.  President,  I  think  there  is  a  motion  before  the 
meeting  already,  that  the  action  of  the  Board  of  Direction  be  adopted 
and  approved,  and  unless  some  amendment  is  made  to  that,  it  seems 
to  me  that  that  is  the  motion  before  us. 

The  President. — The  Chair  holds  with  you. 

Mr.  PitzGerald. — There  is  another  motion  before  the  meeting 
made  by  a  gentleman  in  the  rear  of  the  hall,  that  it  is  the  sense  of 
this  meeting  that  it  is  not  desirable  that  Civil  Engineers  be  licensed 
by  the  State. 

The  President. — The  Chair  has  heard  no  such  motion,  Mr.  Fitz- 
Gerald. 

Mr.  FitzGerald. — I  heard  it.  I  am  now  heartily  in  sympathy  with 
you  and  I  therefore  make  the  motion 

The  President. — You  must  make  an  amendment.  The  motion 
before  us  is  that  it  is  the  sense  of  this  meeting  to  adopt  this  report. 

Mr.  FitzGerald. — I  move  an  amendment  to  this  motion  that  it  is 
the  sense  of  this  meeting  that  it  is  not  desirable  that  Civil  Engineers 
be  licensed  in  this  State. 

Mr.  North. — I  second  the  motion. 

The  President. — Is  not  that  the  exact  phraseology  of  the  motion 
as  it  is  ?  I  only  ask  for  full  information.  Did  we  not  start  out  with  this 
recommendation  of  the  Board  of  Direction  that  Civil  Engineers  be 
not  licensed? 

Mr.  FitzGerald. — Yes;  there  are  other  things,  there  is  a  long  law. 

The  President. — The  motion  having  been  made  that  it  is  the  sense 
of  this  meeting  to  adopt  this  report  of  the  Board  of  Direction,  any 
further  motion  must  be  in  the  way  of  an  amendment,  in  the  way 
of  striking  out,  if  you  like  to  move  such  an  amendment. 

Mr.  FitzGerald. — Then  I  move  to  lay  on  the  table. 
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Discussion  on         The  President. — The  Chair  having  decided  that  motion,  will  not 

Licensing  Civil         .    •.    „o.j,,-„ 
Engineers       P'-'''  "  again. 

(continued).  Mb.  PitzGkrald. — Then  1  move  as  an  amendment  that  we  proceed 

to  the  consideration  of  the  first  recommendation  of  the  Board  of 
Direction. 

Mr.  O'Rourke. — That  motion  is  not  seconded. 

The  President. — You  are  still,  I  think,  not  making  it  in  the  form 
of  an  amendment  to  the  motion 

Mr.  FitzGerald. — Certainly,  because  the  motion  as  now  made 
before  the  House  is  that  we  adopt  the  whole  of  this  report. 

The  President. — You  are  moving  to  amend  that  by  adopting 

Mr.  PitzGerald. — Only  a  part  of  the  report. 

The  President. — The  first  part  of  it? 

Mr.  FitzGerald. — Yes. 

The  President. — The  Chair  recognizes  Mr.  O'Rourke,  in  order  to 
provide  a  little  fun  for  the  meeting. 

Mr.  O'Rourke. — To  settle  all  this  trouble,  I  find  that  half  of  the 
people  here  want  it  and  half  do  not.  Now,  having  gotten  so  near 
satisfying  the  majority,  I  am  going  to  make  another  try.  I  am  going 
to  ask  Mr.  Hunt  to  count  up  the  votes  again. 

The  President. — The  Chair  will  not  ask  the  Secretary  to  count 
the  votes  again. 

Mr.  O'Rourke. — I  apologize  to  Mr.  Hunt  and  the  meeting  if  they 
think  I  have  said  anything  that  they  do  not  think  is  fair. 

The  President. — Mr.   Buck  has  the  floor. 

Mr.  O'Rourke. — I  think  I  was  given  the  floor  to  make  a  motion. 
My  motion  is,  Mr.  President,  that  this  report  be  referred  back  to  the 
Board  of  Direction  with  instructions  either  to  cut  out  of  that  report 
the  title  "An  Act  to  Provide  for  the  Licensing  of  Civil  Engineers"  or 
else  to  cut  out  the  bill  for  licensing  them, 

R.  S.  Buck,  M.  Am.  Soc.  C.  E. — I  rise  for  information.  I  was 
interrupted  by  the  settlement  of  Mr.  O'Rourke's  motion.  The  ques- 
tion that  it  seems  to  me  necessary  to  settle  is:  What  is  the 
authority  of  the  Board  of  Direction  under  which  they  have  acted? 
What  is  the  authority  of  the  present  meeting?  As  I  understood  you  to 
say,  the  Board  of  Direction  had  power  to  act.  I  do  not  see  why  that 
matter  is  referred  back  to  the  meeting  at  all,  unless  the  meeting  wishes 
to  express  an  opinion.  Will  it  have  any  bearing  on  the  action  of  the 
Board?  Can  they  require  the  Board  to  modify  or  withdraw  that 
resolution? 

The  President. — No;  the  Board  is  fairly  independent,  I  think,  and 
having  received  authority  to  act,  will  proceed  along  those  lines.  It 
is  desirous  of  getting  the  sense  of  the  members  at  the  meeting,  and 
that  is  the  reason  why  it  makes  the  report. 

In  regard  to  the  motion  and  the  amendments  as  proposed,  I  have 
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yet  to  grasp  the  purport  of  the  amendment  as  proposed  by  Mr. 
O'Kourke,  and  1  suggest  that  he  put  it  in  language  not  to  be  mis- 
understood.    Mr.   O'Kourke  has  the  floor. 

A  AIkmbeh. — With  all  courtesy  to  Mr.  O'Kourke  and  our  President 
and   others 

Mr.  O'Kourke. — Mr.  President,  my  only  reason  for  suggesting  this 
aetion  is  that  the  Board  of  Direction  of  the  American  Society  of  Civil 
Kngineers  knows,  or  at  least  ought  to  know,  that  if  it  is  to  take  any 
part  in  legislation  for  the  licensing  of  engineers  in  any  State,  or  in  the 
United  States,  that  it  starts  very  badly  by  openly  opposing  any  legisla- 
tion at  all  by  express  declaration  in  the  beginning. 

Xow.  anybody  who  is  a  politiciar  knows — and  we  are  all  politicians, 
<>{  course — that  if  we  want  to  accomplish  anything  we  must  not  say  we 
are  against  it.  Therefore,  if  we  want  to  influence  legislation,  we  must 
not  say  we  are  opposed  to  it,  but  we  must  say  that  we  have  a  bill,  and  we 
introduce  our  little  bill,  and  we  get  it  through.  Instead  of  saying  we 
are  not  in  favor  of  having-  any  legislation,  we  say  we  are,  and  we  beg 
you  to  adopt  this. 

A  Member. — I  think  that  is  what  the  Chair  started  to  do 

Voices. — Question. 

W.  H.  Jaques,  M.  Am.  Soc.  C.  E. — As  a  member  of  the  British 
Institution  of  Civil  Engineers,  of  the  American  Society  of  Civil 
Engineers,  the  Boston  Society  of  Civil  Engineers  and  the  French 
Society  of  Civil  Engineers,  I  will  not  yield  to  any  authority  in  the 
world  above  our  Board  of  Direction,  and  I  think  the  matter  should 
be  left  with  our  Board  of  Direction.  I  do  not  see  any  reason  why  we 
should  have  any  question  that  the  Board  of  Direction  of  the  American 
Society  of  Civil  Engineers  should  not  decide  this  question. 

Mr.  Whinery. — Afr.  President  and  Gentlemen  of  the  Society,  I  am 
heartily  in  favor  of  the  first  resolution.  I  might  possibly  be  in  favor, 
under  some  circumstances,  of  the  second  resolution.  The  position 
I  wish  to  take  about  the  second  resolution  and  what  follows  is  this: 
In  the  first  place,  there  is  no  authority  in  the  Constitution  of  the 
Society  under  which  the  Board  of  Direction  may  take  action  of  this 
kind.  You  may  take  such  action  by  direct  authority  of  the  Society 
itself.  Now,  in  order  that  we  may  understand  that,  I  would  like  the 
Secretary  to  read  the  resolution  as  adopted  at  Chicago. 

The  wSecretary. — Mr.  President,  the  action  taken  in  Chicago  was 
the  adoption  of  a  recommendation  of  a  Special  Committee  which  had 
been  appointed  to  report  to  the  Society  on  this  matter,  and  the  recom- 
mendation was  as  follows: 

"Your  Committee  recommends  that  the  Board  of  Direction  be 
empowered  in  behalf  of  the  Society  to  take  up  this  matter  with  the 
proper  authorities  from  time  to  time  as  may  be  deemed  expedient,  and 
to  urge  the  enactment  of  State  laws  governing  the  practice  of  Civil 
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Discussion  on  Engineers  in  general  conformity  with  the  suggestions  of  this  report, 
^'^ngineerr''  ^^^   further,    that   the    Board    appoint   from   the   membership    of   the 
(continued).    Society  a  Committee  of  three  (3)  in  each  State  to  co-operate  with  the 
Board  in  this  matter,  and  to  act  under  its  direction," 

Mr.  Whinery. — I  take  the  ground  that  there  is  nothing  in  that 
resolution  whatever  that  authorizes  the  Board  of  Direction  to  send 
anything  out  to  the  world  as  a  law  which  has  received  the  sanction  of 
the  American  Society  of  Civil  Engineers.  It  may,  therefore,  be 
supposed  by  the  world  to  be  reasonably  perfect,  and  a  suitable  law  to  be 
adopted  under  the  circumstances.  Now,  I  do  not  think  this  Society 
is  in  a  position  to  support  the  Board  in  that  action.  I  am  opposed 
to  this  law,  as  being  adopted,  anyway. 

Any  law  of  this  kind  proposed  or  adopted  should  be  adopted  with  the 
greatest  of  care.  It  should  receive  the  most  careful  scrutiny  by  every 
member  of  the  Society,  and  it  should  meet  with  the  approval  of  the 
Society.  Now,  I  am  not  saying  anything  against  the  Board,  whose 
members  have  labored  hard  on  this  matter,  and  have  done  what  they 
thought  was  best  under  the  circumstances.  The  proposed  law  has 
many  admirable  points,  and  in  many  respects  it  is  worthy  of  adoption. 
In  others,  I  think  the  proposed  law  is  exceedingly  defective,  and  I,  for 
one,  should  be  very  sorry  to  see  it  go  out  to  the  world  as  the  express 
view  of  this  Society,  with  the  understanding  that  it  is  a  model  law 
proposed  by  the   Society. 

F.  P.  Stearns,  Past-President,  Am.  Soc.  C.  E. — Mr.  President,  I 
rise  for  information.  I  would  like  to  have  the  original  motion  put  in 
writing  and  read,  so  that  we  may  know  what  it  really  is.  It  is  a  long 
time  ago  that  it  was  stated. 

The  President. — The  motion,  I  take  it,  is  that  it  is  the  sense  of  this 
meeting  that  the  report  of  the  Board  of  Direction  be  received  and 
adopted,  and  that  has  been  amended  by  Mr.  FitzGerald  to  apply  only  to 
the  first  resolution  which  has  been  proposed. 

Henry  B.  Seaman,  M.  Am.  Soc.  C.  E. — Mr.  President,  I  understand 
that  this  is  merely  a  report  of  progress.  If  it  is  a  report  of  progress,  the 
Board  itself,  at  the  suggestion  of  the  membership,  after  this  report  is 
circulated,  can  report  suitably,  and  I  think  the  Board  of  Direction  is 
the  only  organization  connected  with  this  Society  which  is  prepared 
to  do  that.  I  do  not  see  what  else  you  are  going  to  do,  unless  you 
appoint  a  committee,  which  will  not  be  more  efficient  than  the  Board 
of  Direction. 

I  think  the  proper  thing  is  to  move  to  receive  it  and  close  the 
matter  for  the  present,  and  let  the  Board  of  Direction  go  on  with  its 
good  work.     It  is  still  unfinished. 

Mr.  FitzGerald.^I  am  thoroughly  opposed  to  such  a  course  as 
that.  You  must  remember  how  much  advantage  this  Society  has 
gotten  in  the  past  by  a  fair  and  full  consideration  by  all  the  members 
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at  sucli  a  meeting  as  this,  by  that  portion  of  the  membership  who  can 
inciuire  into  this  thing  better  than  they  can  from  not  having  the 
advantage  of  associating  togetlier  here  and  hearing  the  arguments. 

Now,  that  is  the  reason,  and  I  think  you,  Mr.  President,  for  yourself 
making  an  argument  in  favor  of  my  motion.  My  motion  was  made  to 
divide  this  question,  and  I  think  I  have  a  right  to  do  so.  I  con- 
cede that  Mr.  O'Rourke  has  brought  a  very  admirable  argument  to  bear 
in  favor  of  not  adopting  the  first,  if  we  are  going  to  adopt  the  second. 
But  how  does  he  know  that  we  are  going  to  adopt  the  second,  and  that 
the  first  is  a  little  inconsistent  with  the  second? 

If  you  are  going  to  submit  an  act  to  all  these  different  States  for 
approval,  you  begin  very  badly  by  adopting  a  resolution  that  no  such 
course  is  desirable,  that  it  is  not  desirable  to  have  such  legislation; 
and  yet  I  think  it  would  be  a  great  advantage  to  this  Society,  as  a 
whole,  to  have  it  known  that  we  all  agree  here,  as  I  believe  more  than 
one  hundred  and  one  do  agree,  that  it  is  not  desirable  to  have  any 
legislation ;  that,  in  other  words,  it  is  not  desirable  to  license  engineers. 
That  is  the  reason,  Mr.  President,  that  I  move  to  divide  the  question, 
and  I  think  that  Mr.  Whinery's  very  excellent  and  illuminating  argu- 
ment was  practically  on  that  same  line,  that  we  must,  first,  not  adopt 
the  whole  of  this,  but  adopt  a  part,  and  then  proceed  to  see  if  we 
cannot  find  some  flaws  in  this  law  that  we  can  recommend  to  the 
Board  of  Direction,  if  it  is  going  to  be  referred  back  to  ihem,  and 
which  it  would  be  of  advantage  to  them  to  know.  I  therefore  vote 
that  my  motion  will  be  now  adopted. 

Mr.  Keith. — Having  made  the  original  motion,  it  seems  to  me  that 
Mr.  FitzGerald's  motion  to  divide  the  question  is  one  which  should 
have  been  presented  as  an  original  motion  rather  than  as  a  motion  to 
amend.  If  it  is  not  so  considered  I  would  be  very  glad  to  accept  the 
amendment  that  Mr.  FitzGerald  has  made. 

N.  P.  Lkwis,  M.  Am.  Soc.  C.  E. — I  do  not  like  to  repeat  what  has 
been  said  unnecessarily,  but  I  do  want  to  point  out  the  situation  that 
we  are  in.  It  has  been  claimed  that  this  Society  should  resolve  itself 
into  a  legislative  assembly  and  work  out  and  indicate  a  law  if  we  are 
going  to  have  one.  Now,  such  a  policy  is  absolutely  impossible.  That 
has  got  to  be  done  through  a  recognized  committee. 

What  is  the  situation  we  are  in  here?  To  try  to  do  some  constructive 
work  and  formulate  something  to  govern  the  Society,  and  in  which  the 
Society  is  alone  interested,  and  which  it  can  take  its  time  to  do.  The 
problem  confronting  us  as  engineers  is  to  forestall  work  about  to  be 
done  by  somebody  else,  and  there  is  a  great  deal  of  that  being  done  and 
done  unwisely.  Many  of  us  know  that  a  law  will  be  presented  to  the 
Legislature  within  another  month  and  it  will  be  drawn  there  upon 
union  lines. 

Now  the  problem  put  up  to  the  administration  of  this  Society,  put 
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Discussion  on  up  to  them  by  the  Society  in  Chicago,  as  I  understand  it,  was  to  see 
'^ngineerr'  what  should  be  done  under  the  circumstances,  to  try  and  model  legisla- 
(continued).  tion,  to  prevent  improper  legislation,  and  I  do  not  think  that  the  work 
of  the  Board  of  Direction  calls  for  the  amiable  ridicule  of  Mr. 
O'Rourke  in  saying  that  it  has  presented  a  report  that  we  do  not 
believe  in,  or  that  there  is  no  need  of  any  such  legislation,  but  we 
recommend  the  legislation  anyway.  That  is  not  what  the  Board  of 
Direction  did,  in  my  judgment. 

The  Board  of  Direction  says  clearly  and  emphatically:  We  do  not 
believe  it  is  necessary  to  license  engineers  at  this  time,  but  knowing 
that  some  such  legislation  is  likely  to  take  place,  we  suggest  lines 
along  which  it  might  be  safe  to  have  it  in  the  interests  of  this  Society, 
and  the  interests  of  the  profession  would  be  protected. 

It  seems  to  me  that  this  meeting  cannot  divorce  the  preamble  from 
the  resolution  itself,  but  it  is  due  to  the  Board  of  Direction,  in  my 
judgment,  to  accept  its  report,  and  I  think  that  Mr.  Keith's  resolu- 
tion was  eminently  proper,  that  it  is  the  sense  of  this  meeting  that  the 
course  outlined  by  it  be  approved.  It  seems  to  me  the  only  rational 
course  we  can  follow  under  the  existing  conditions.  Whatever  is  done 
must  be  done  now.  It  will  be  midsummer  before  the  Society  has 
another  general  meeting,  and  then  it  will  be  too  late.  We  are  con- 
fronted with  an  emergency,  and  the  Board  has  formally  pointed  out 
that  while  we  do  not  think  it  is  necessary  or  wise,  if  it  is  done,  it 
would  better  be  done  along  those  lines,  and  I  therefore  think  it  would 
be  improper  to  amend  the  resolution  or  to  do  anything  else  than  to 
pass  the  one  oifered  by  Mr.  Keith. 

The  President. — The  question  as  amended  is  that  the  sense  of  this 
meeting  be  that  the  Board  of  Direction's  resolution  be  divided,  and 
only  the  first  part  of  the  resolution  of  the  Board  of  Direction,  namely, 
that  it  does  not  deem  licensing  necessary  or  desirable  for  Civil  Engi- 
neers, be  adopted.  That  resolution  is  before  the  meeting.  All  in  favor 
of  the  resolution  please  say  "aye";  contrary,  "no."     The  motion  is  lost. 

Mr.  FitzGerald. — I  doubt  it.  It  seems  to  me  that  the  large 
majority  was  in  the  affirmative. 

(Cries  of  question.) 

The  President.^ — The  Chair  decides  the  motion  is  lost  and  will 
not  reconsider  the  matter  unless  somebody  makes  a  motion  that  the 
Chairman  be  dethroned  and  another  occupy  the  position. 

Mr.  Stearns. — Mr.  President,  it  is  upon  the  general  question  now 
of  the  licensing  of  Civil  Engineers  that  I  wish  to  say  a  few  words.  In 
my  opinion,  licensing  is  very  undesirable,  that  is,  in  accordance  with 
the  first  resolution  of  the  Board  of  Direction.  I  wish  to  give  a  few 
reasons  for  that.  I  have  not  heard  any  arguments  in  favor  of  the 
licensing  of  civil  engineers — those  have  yet  to  be  given — except  that 
somebody  may  introduce  a  bill,  which  cannot  be  prevented. 
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It  has  been  suggested  that  it  is  a  case  like  the  licensing  of  physi- 
cians, but  it  seems  to  me  that  the  cases  are  radically  different.  In  the 
licensing  of  physicians  we  deal  with  a  case  of  life  and  death,  and  the 
employers  of  physicians  necessarily  include  all  the  poorer  classes,  the 
most  ignorant  classes,  and  they  need  protection. 

In  the  case  of  engineers  it  is  to  a  very  large  extent  an  inter-state 
profession.  It  is  being  highly  specialized  now,  and  more  and  more 
specialized,  and  it  would  be  a  distinct  detriment  to  the  country  if  the 
public  in  the  different  States  were  not  enabled  to  obtain  freely  the 
services  of  the  most  competent  engineers.  I  presiune  that  40%  of  the 
members  of  our  Society  are  men  who  practice  in  different  States. 

The  Constitution  of  the  United  States  prohibits  one  State  from 
levj-ing  a  duty  against  the  products  from  another  State  and,  as  I 
understand  it,  it  is  only  under  the  police  powers  that  a  State  can  do 
such  things  as  licensing  in  a  way  that  would  prevent  an  engineer  from 
another  State  from  coming  into  a  State  to  practice.  It  seems  to  me 
that  such  police  powers  should  be  used  only  under  extraordinary 
conditions,  and  that  there  is  no  such  demand  for  the  licensing  of  engi- 
neers as  for  the  licensing  of  physicians. 

The  men  who  employ  engineers  are  men  and  corporations  and 
cities  who  are  perfectly  capable  of  selecting  good  engineers  without 
the  assistance  of  a  license  such  as  is  described  in  the  bill  here  pre- 
sented, or  in  any  other  bill  that  I  have  seen,  which  merely  provides 
that  an  engineer  should  have  a  very  rudimentary  education,  or  six 
years'  practice,  or  four  years  in  addition  to  a  college  course,  and  that 
is  not  the  protection  of  the  public  that  is  in  most  cases  desired. 

The  men  who  fail  in  the  construction  of  engineering  work,  and 
against  whom  the  public  ought  to  be  protected  are,  as  a  rule,  men  who 
have  had  those  six  years'  experience  and  could  get  that  license. 

Xow  it  seems  to  me  that  there  is  grave  danger  that  by  the  Society's 
acting  in  favor  of  any  matter  of  this  kind,  that  the  impression  would 
get  out,  notwithstanding  the  statement  of  the  Board  of  Direction,  that 
it  is  in  some  way  felt  by  this  Society  that  it  is  not  a  great  dis- 
advantage that  engineers  should  be  licensed. 

I  believe  it  would  be  very  disadvantageous  in  regard  to  the  men  who 
are  higli  up  in  the  profession  as  specialists,  men  who  are  specialists  in 
all  sorts  of  lines,  and  who  are  called  first  to  one  State  and  then  to 
another,  and  oftentimes  in  one  trip  they  will  go  to  several  States,  and 
the  most  lenient  bill  would  hamper  them  in  their  operations. 

The  Board  of  Direction,  in  preparing  this  bill  has  provided  that 
tiiose  authorized  to  practice  engineering  in  one  State  may  get  a 
license  in  another;  but  I  cannot  conceive  if  union  influence  desired 
it  in  any  State  it  could  not  succeed  in  getting  that  bill  modified  in  the 
Legislature,  however  it  would  be  drawn  here,  and  that  you  would  have 
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Discussion  on    a   bill    that    woukl    disc'i-iiiiiiiate    against    engineers    out    of    the    State, 
'^ngineers^''  That  is  not  only  possible;  it  is  probable. 

(continued)  Engineering  is  a  rolling  profession,  and  engineers,  as  you  may  see 

by  the  changes  in  the  catalogue  of  this  Society  every  month,  are  con- 
tinually changing  from  one  work,  when  it  is  finished,  to  another.  There 
are  the  contracting  engineers,  and  consulting  engineers  who  do  work 
all  over  the  country;  they  earn  large  sums  of  money,  and  are  capable 
of  carrying  out  great  works  which  could  not  be  carried  out  by  local 
engineers;  and  there  are  the  younger  engineers  who  gain  their  experi- 
ence through  going  from  one  State  to  another  and  from  one  work  to 
another  as  the  work  takes  them. 

I  sincerely  hope  that  the  views  of  the  Society  on  this  point  will 
appear  in  the  Proceedings,  although  I  am  not  objecting  to  the  adoption 
of  the  motion. 

The  President.- — You  have  heard  the  question,  this  motion  being 
that  this  meeting  approves  of  the  action  and  the  report  made  by  the 
Board  of  Direction.  All  in  favor  of  that  motion  please  say  "aye"; 
contrary,  "no."     The  ayes  have  it. 

Mr.  O'Rourke. — Point  of  order,  Mr.  Chairman.  My  point  of  order 
is  that  the  previous  motion  to  this  last  motion,  which  was  rejected, 
was  asking  for  the  approval  of  the  preamble  of  this  report.  I  call 
upon  the  gentleman  who  made  the  motion  to  state  if  that  was  not  his 
motion. 

The  President. — No. 

Mr.  O'Rourke. — And  I  ask  the  Secretary  to  read  what  the  motion 
was,  and  what  the  result  was.  My  point  is  that,  if  I  am  right,  this 
last  motion  was  out  of  order,  as  it  covered  what  had  been  previously 
considered  and  rejected,  and  that  the  only  thing  before  us  at  the 
present  time,  unless  the  first  motion  is  reconsidered,  is  the  adoption 
of  the  recommendation  in  regard  to  the  bill. 

The  President.- — The  Chair  holds  that  Mr.  O'Rourke  is  out  of 
order. 

Mr.  O'Rourke. — May  I  ask  what  was  the  motion  that  was  rejected? 

The  President. — The  approval  of  the  first  resolution. 

Mr.  O'Rourke. — We  did  actually  refuse  to  approve  it.  That  does 
not  say  that  we  are  going  to  take  the  thing  up  as  a  whole  if  we 
rejected  it. 

The  President.— That  was  an  amendment  made  to  the  original 
resolution,  and  was  disposed  of  by  its  rejection  by  this  meeting. 

Mr.  O'Rourke. — The  author  of  the  original  motion  consented  to 
having  that  put 

The  President. — Whatever  he  said  the  second  time  the  Chair  did 

•    not  hear,  and  it  was  not  seconded.     The  original  motion  still  stood 

before  the  meeting,  and  has  been   argued  upon  before  this  time,   and 

has  been  disposed  of  by  approval,  so  far  as  the  sense  of  this  meeting 

is  concerned. 


Aflfairs.] 
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Does  Mr.  Hazon  desire  to  make  any  remarks? 

Allen  PIazen,  j\I.  Am.  Soc.  C.  E.— This  report  having  been  disposed 
of  in  this  way,  J  make  the  motion  that  it  is  the  sense  of  this  meeting 
that  the  licensing  of  Engineers  by  States  is  undesirable. 

Motion  seconded. 

The  President. — It  has  been  moved  and  seconded  that  it  is  the 
sense  of  tliis  meeting  that  the  licensing  of  Engineers  by  States  is 
undesirable.  All  in  favor  of  that  motion  will  please  say  "aye";  con- 
trar3%  "no."     The  ayes  have  it. 

The  Secretary  will  now  proceed  with  the  regular  business  before 
the  meeting. 

The  Secretary. — I  have  the  great  pleasure  of  announcing  the 
election,  by  imanimous  vote  of  the  Board  of  Direction  and  of  all  Past- 
Presidents,  of  D.  J.  Whittemore,  Past-President,  as  an  Honorary 
Member  of  the  Society. 

If  you  call  for  new  business  I  know  that  Mr.  Charles  Hansel  has 
something  which  he  wishes  to  bring  before  the  meeting. 

Cpl^rles  Hansel,  M.  Am.  Soc.  C.  E. — Mr.  President,  and  Gentle- 
men, I  desire  to  address  the  Society  on  the  subject  of  "The  Valuation 
of  Public  Utilities."  On  January  4th  we  had  the  paper  by  Mr.  Riggs, 
and  there  was  considerable  discussion,  and  it  seems  to  me  that  the 
subject  was  so  great  that  it  was  impossible  for  the  Society  to  consider 
it  by  any  paper  or  any  ordinary  discussion.  The  consideration  of  this 
subject  covers  the  domain  of  economics,  accounting,  etc.,  and  there 
has  been  very  little  said  on  the  subject  of  engineering  in  connection 
with  it.  When  I  first  saw  the  paper  I  felt  that  it  was  hardly  a  sub- 
ject for  the  Society  to  consider,  because  the  elements  of  law  and 
accounting  were  so  great  that  they  seemed  to  overshadow  the  engineer- 
ing features. 

I  feel,  however,  that  since  the  question  of  fixing  valuation  of  rail- 
roads and  of  other  very  important  public  utilities  is  being  discussed 
by  Congress  and  by  various  institutions  and  societies,  that  it  is  a 
subject  that  our  Society  should  take  up,  and  take  up  seriously. 

I  feel  that  in  order  to  do  this,  to  take  the  subject  up  as  it  should 
be  considered,  the  Board  of  Direction  should  appoint  a  Special  Com- 
mitte  to  formulate  methods  of  procedure  and  to  indicate  how  difficult 
the  subject  is. 

I  may  say,  if  you  will  pardon  the  personal  suggestion,  that  I  am 
now  engaged  in  the  State  of  New  Jersey  in  the  valuation  of  some 
$300  000  000  worth  of  property,  and  have  had  in  connection  with  that 
work  some  eighty-seven  engineers  and  their  assistants  all  summer,  and 
the  problems  that  have  come  up  are  so  troublesome  that  the  Governor  of 
the  State  of  New  Jersey  has  requested  the  Legislature  to  appoint 
special  assistants  to  the  Attorney-General. 

Now,  it  seems  to  me  that  this  is  a  very  interesting  question  for  the 
Society  to  take  up,  and  I  offer  the  following  for  consideration : 
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Resolution 

Relating  to 

Appointment 

of  Committee 

on  Valuation  of 

Public 

Utilities 

(continued). 


Ballot  for 
Officers. 


"Resolved:  That  a  Special  Committee  of  seven  be  appointed  by  the 
Board  of  Direction  to  formulate  principles  and  methods  for  the  valua- 
tion of  railroad  property  and  other  public  utilities,  and  to  report  to  the 
Societj'  at  the  next  Annual  Convention." 

Mr.  Wiiinery. — I  am  not  prepared  to  express  an  opinion  on  that 
subject,  but  in  order  to  bring  it  before  the  Society,  in  accordance 
with  the  Constitution,  I  move  that  it  be  referred  to  the  Board  of 
Direction. 

Motion  seconded. 

The  President. — It  has  been  moved  and  seconded  that  a  resolution 
for  the  appointment  of  a  Special  Committee,  in  conformity  with  the 
Constitution,  be  referred  to  the  Board  of  Direction.  You  have  heard 
the  resolution  as  proposed  by  Mr.  Hansel.  All  in  favor  say  "aye" ; 
contrary,  "no."     Carried. 

The  next  business  before  this  Meeting  will  be  the  report  of  the 
tellers.     The  Secretary  will  read  it. 

The  Secretary. — The  Tellers,  Messrs.  James  L.  Davis,  Harry  D. 
Winsor,  and  Daniel  Ulrich,  report  as  follows : 

Total  number  of  ballots  received 1  447 

Defective  :  Without  signature 20 

Not  entitled  to  vote 2 

Void   ballot 1 

—         23 

Ballots  counted 1  424 

For  President: 

Mordecai  T.  Endicott 1  421 

Scattering 3 

For  Vice-Presidents : 

Alfred  P.  Boller 1  390 

Charles  L.  Strobel 1  394 

Scattering 15 

For  Treasurer : 

Joseph  M.   Knap 1  421 

Scattering 2 

For  Directors: 

George  C.  Clarke 1  400 

Henry  G.  Stott 1  394 

Jonathan  P.  Snow 1  394 

Robert    Ridgway 1  390 

Leonard  W.  Rundlett 1  395 

William  H.  Courtenay 1  382 

Scattering 23 
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Mn.  Wii.LiAJis. — I  move  that  the  report  of  the  tellers  be  adopted  and 
the  officers  therein  be  declared  elected. 

Motion  seconded 

The  President. — I  think  it  is  not  necessary  to  put  that  in  the  form 
of  a  motion.  The  (Tiair  desires  to  announce  that  the  report  of  the 
tellers  being-  accepted,  the  officers  therein  having  received  the  highest 
number  of  votes,  are  hereby  declared  elected  to  the  various  offices  for 
which  they  were  candidates.  I  would  like  Mr.  Noble  and  Mr.  Fitz- 
Gerald  kindly  to  'escort  the  successor  to  the  President  to  the  Chair. 
It  is  worthy  of  some  note  for  the  membership  to  see  that  whatever 
criticism  may  lay  with  the  Civil  Engineers  of  the  United  States  Navy 
hereafter,  that  it  may  be  taken  without  further  discussion  that  they 
have  a  method  of  arriving  at  the  polls. 

MoRDECAi  T.  Endicott,  PRESIDENT,  Am.  Soc.  C.  E.— Mr.  Chairman 
and  Gentlemen,  I  thank  you  very  much  for  this  kindly  reception. 
Upon  entering  on  the  discharge  of  my  duties  as  President  of  the 
American  Society  of  Civil  Engineers,  I  thank  you  and  all  other  mem- 
bers of  the  Society  for  this  election  because  of  the  great  honor  which 
it  carries  and  because  it  is  an  evidence  of  your  confidence  and  of  your 
respect  for  me  as  a  man  and  an  engineer,  which  I  appreciate  more  than 
anything  else. 

If  I  am  to  be  of  any  special  service  to  you  as  your  President,  or  am 
to  serve  to  any  great  degree  the  important  interests  of  this  great  asso- 
ciation, it  can  only  possibly  be  done  by  co-labor  and  co-operation  with 
the  staif  of  splendid  officers  whom  you  have  elected  from  time  to  time, 
and  who  will  surround  me. 

I  have  not  the  assurance  to  think  for  an  instant  that  it  is  within 
the  power  of  any  one  man  to  do  anything  material  to  make  or  mar 
in  any  important  respect  the  affairs  of  this  Society  or  to  infringe  upon 
the  excellent  Constitution  which,  at  the  present  time,  is  the  evolu- 
tion of  something  like  sixty  years  and  has  come  down  to  us  as  the 
product  of  the  best  thought  and  labor  of  a  long  line  of  very  able  men. 

Under  it  the  Society  has  prospered,  and  it  has  reached  a  great  posi- 
tion. It  has  gathered  to  it  a  great  body  of  men  who  for  personal 
character  and  professional  qualifications  stand  unequaled,  I  think,  in 
any  circle,  and  surpassed  in  no  similar  body  of  men,  and  of  whom 
the  Society  may  very  well  be  proud;  and  if  its  affairs  are  managed 
under  this  admirable  document  along  conservative  and  practical  lines, 
but  with  progressive  ideals,  it  is  bound  to  increase  greatly  in  its 
power  and  its  influence  and  its  usefulness  to  the  entire  profession, 
and  I  may  say,  to  the  entire  world. 

Now,  gentlemen,  I  can  only  assure  you  that,  in  so  far  as  lies  in 
me,  I  shall  do  everything  I  can  to  advance  the  high  interests  of  this 
Society  and  the  welfare  of  all  its  membership,  in  so  far  as  that  can 
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be  effected  by  this  Association  and  in  so  far  as  it  is  possible  for  the 
President  and  a  member  of  the  Board  of  Direction  to  do. 

I  thank  yovi  again  for  the  honor  which  you  have  conferred  upon 
me,  and  ask  for  your  indulgence  upon  all  occasions. 

The  Secretary. — Mr.  President,  I  think  Mr.  Blakeley  has  a  word 
to  say  about  the  excursion  of  Thursday,  about  what  trains  not  to  take 
and  where  not  to  go. 

G.  H.  Blakeley,  M.  Am.  Soc.  C.  E. — Mr.  Hunt  would  not  say 
this.  There  is  only  one  caution.  Do  not  take  the  Pennsylvania  Rail- 
road at  Thirty-fourth  Street.  The  train  leaves  the  Pennsylvania  Rail- 
road Station  at  Jersey  City  at  8.30  a.  m.  You  can  connect  with  that 
train  by  Cortlandt  and  Desbrosses  Street  Ferries  at  8.10,  Hudson 
Terminal  at  8.15,  and  8.05  at  Thirty-fourth  Street,  McAdoo  Tube; 
but  by  all  means  do  not  take  the  Pennsylvania  Railroad  at  Thirty- 
fourth  Street,  New  York  City.  The  train  leaves  by  the  Lehigh  Valley 
Railroad  from  the  Pennsylvania  Railroad  Station  at  Jersey  City  at 
8.30  A.  M.   The  train  stops  at  Newark  at  8.46  a.  m. 

Mr.  Buck. — I  move  we  adjourn. 

Motion  seconded. 

The  President. — There  will  be  a  meeting  of  the  Board  of  Direction 
directly  after  this  meeting. 

The  Secretary.- — It  will  be  necessai-y  to  come  at  once.  Some  of 
the  members  desire  to  get  away. 

The  President.— Yes,  the  hour  is  late. 

Adjourned. 
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REPORT  OF  SPECIAL  COVI/VIITTEE  ON  UNIFORM 
TESTS  OF  CEMENT. 


Presented  at  tmk  Annual  Meeting,  January  18th,  1911. 


Your  Committee  on  Uniform  Tests  of  Cement  presents  the  follow- 
ing report: 

Sampling. 

1. — Selection  of  Sample. — The  selection  of  the  sample  for  testing  is 
a  detail  that  must  be  left  to  the  discretion  of  the  engineer;  the  number 
and  the  quantity  to  be  taken  from  each  package  will  depend  largely  on 
the  importance  of  the  work,  the  number  of  tests  to  be  made  and  the 
facilities  for  making  them. 

2. — The  sample  shall  be  a  fair  average  of  the  contents  of  the  pack- 
age; it  is  recommended  that,  where  conditions  permit,  one  barrel  in 
every  ten  be  sampled. 

3. — Samples  should  be  passed  through  a  sieve  having  twenty  meshes 
per  linear  inch,  in  order  to  break  up  lumps  and  remove  foreign 
material;  this  is  also  a  very  effective  method  for  mixing  them  together 
in  order  to  obtain  an  average.  For  determining  the  characteristics  of 
a  shipment  of  cement,  the  individual  samples  may  be  mixed  and  the 
average  tested;  where  time  will  permit,  however,  it  is  recommended 
that  they  be  tested  separately. 

4. — Method  of  Sampling. — Cement  in  barrels  should  be  sampled 
through  a  hole  made  in  the  center  of  one  of  the  staves,  midway  between 
the  heads,  or  in  the  head,  by  means  of  an  auger  or  a  sampling  iron 
similar  to  that  used  by  sugar  inspectors.  If  in  bags,  it  should  be 
taken  from  surface  to  center. 

Chemical  Analysis. 

5. — Significance. — Chemical  analysis  may  render  valuable  service  in 
the  detection  of  adulteration  of  cement  with  considerable  amounts  of 
inert  material,  such  as  slag  or  ground  limestone.  It  is  of  use,  also,  in 
determining  whether  certain  constituents,  believed  to  be  harmful  when 
in  excess  of  a  certain  percentage,  as  magnesia  and  sulphuric  anhydride, 
are  present  in  inadmissible  proportions. 

6. — The  determination  of  the  principal  constituents  of  cement — 
silica,  alumina,  iron  oxide  and  lime — is  not  conclusive  as  an  indication 
of  quality.  Faulty  character  of  cement  results  more  frequently  from 
imperfect  preparation  of  the  raw  material  or  defective  burning  than 
from  incorrect  proportions  of  the  constituents.  Cement  made  from 
very  finely-ground  material,  and  thoroughly  burned,  may  contain  much 
more  lime  than  the  amount  usually  present,  and  still  be  perfectly  sound. 
On  the  other  hand,  cements  low  in  lime  may,  on  account  of  careless 
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preparation  of  the  raw  material,  be  of  dangerous  character.  Further, 
the  ash  of  the  fuel  used  in  burning  may  so  greatly  modify  the  composi- 
tion of  the  product  as  largely  to  destroy  the  significance  of  the  results 
of  analysis. 

7. — Method. — As  a  method  to  be  followed  for  the  analysis  of  cement, 
that  proposed  by  the  Committee  on  Uniformity  in  the  Analysis  of 
Materials  for  the  Portland  Cement  Industry,  of  the  New  York  Section 
of  the  Society  for  Chemical  Industry,  and  published  in  Engineering 
News,  Vol,  50,  p.  60,  1903;  and  in  The  Engineering  Record,  Vol.  48, 
p.  49,  1903,  is  recommended. 

Specific  Gravity. 

8. — Significance. — The  specific  gravity  of  cement  is  lowered  by 
adulteration  and  hydration,  but  the  adulteration  must  be  in  consider- 
able quantity  to  affect  the  results  appreciably. 

9. — Inasmuch  as  the  differences  in  specific  gravity  are  usually  very 
small,  great  care  must  be  exercised  in  making  the  determination. 

10. — Apparatus  and  Method. — The  determination  of  specific  gravity 
is  most  conveniently  made  with  Le  Chatelier's  apparatus.  This  con- 
sists of  a  flask  (D),  Fig.  1,  of  120  cu.  cm.  (7.32  cu.  in.)  capacity,  the 
neck  of  which  is  about  20  cm.  (7.87  in.)  long;  in  the  middle  of  this 
neck  is  a  bulb  (C),  above  and  below  which  are  two  marks  {F)  and  {E) ; 
the  volume  between  these  marks  is  20  cu.  cm.  (1.22  cu.  in.).  The  neck 
has  a  diameter  of  about  9  mm.  (0.35  in.),  and  is  graduated  into  tenths 
of  cubic  centimeters  above  the  mark  {F). 

11. — Benzine  (62°  Baume  naphtha),  or  kerosene  free  from  water, 
should  be  used  in  making  the  determination. 

12. — The  specific  gravity  is  determined  as  follows: 

The  flask  is  filled  with  either  of  these  liquids  to  the  lower  mark 
{E),  and  64  g.  (2.25  oz.)  of  powder,  cooled  to  the  temperature  of  the 
liquid,  is  gradually  introduced  through  the  funnel  {B)  [the  stem  of 
which  extends  into  the  flask  to  the  top  of  the  bulb  (C)],  until  all  the 
powder  is  introduced,  and  the  level  of  the  liquid  rises  to  some  division 
of  the  graduated  neck.  This  reading  plus  20  cu.  cm.  is  the  volume  dis- 
placed by  64  g.  of  the  powder. 

13. — The  specific  gravity  is  then  obtained  from  the  formula: 

„       ./.    /-^       -i  Weight  of  Cement,  in  grammes. 

Specific  Gravity  =  -^-j — — -. ^ 

Displaced  Volume,  m  cubic  centimeters. 

14. — The  flask,  during  the  operation,  is  kept  immersed  in  water  in 

a  jar  {A),  in  order  to  avoid  variations  in  the  temperature  of  the  liquid. 

The  results  should  agree  within  0.01.     The  determination  of  specific 

gravity  should  be  made  on  the  cement  as  received;  and,  should  it  fall 

below   3.10,   a   second   determination   should   be   made   on   the   sample 

ignited  at  a  low  red  heat. 
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15. — A  convenient  method  for  cleaning  the  apparatus  is  as  follows: 
The  flask  is  inverted  over  a  large  vessel,  preferably  a  glass  jar,  and 
shaken  vertically  until  the  liquid  starts  to  flow  freely;  it  is  then  held 
still  in  a  vertical  position  until  empty;  the  remaining  traces  of  cement 
can  be  removed  in  a  similar  manner  by  pouring  into  the  flask  a  small 
t|uantity  of  clean  li(|ui(l  licuzino  of  kerosene  and  repeating  the  operation. 


LECHATELIERS   SPECIFIC   GRAVITY  APPARATUS. 
Kio.  1. 


Fineness. 

IC. — Significance. — It  is  generally  accepted  that  the  coarser  parti- 
cles in  cement  are  practically  inert,  and  it  is  only  the  extremely  fine 
powder  that  possesses  adhesive  or  cementing  qualities.  The  more  finely 
cement  is  pulverized,  all  other  conditions  being  the  same,  the  more  sand 
it  will  carry  and  produce  a  mortar  of  a  given  strength. 
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17. — The  degree  of  final  pulverization  which  the  cement  receives  at 
the  place  of  manufacture  is  ascertained  by  measuring  the  residue 
retained  on  certain  sieves.  Those  known  as  the  No.  100  and  No.  200 
sieves  are  recommended  for  this  purpose. 

18. — Apparatus. — The  sieves  should  be  circular,  about  20  cm.  (7.87 
in.)  in  diameter,  6  cm.  (2.36  in.)  high,  and  provided  with  a  pan, 
5  cm.  (1.97  in.)  deep,  and  a  cover. 

19. — The  wire  cloth  should  be  of  brass  wire  having  the  following 
diameters : 

No.  100,  0.0045  in. ;  No.  200,  0.0024  in. 

20. — This  cloth  should  be  mounted  on  the  frames  without  distortion; 
the  mesh  should  be  regular  in  spacing  and  be  within  the  following 
limits : 

No.  100,     96  to  100  meshes  to  the  linear  inch. 

No.  200,  188  to  200       "         "     "        "         " 

21. — Fifty  grammes  (1.76  oz.)  or  100  g.  (3.52  oz.)  should  be  used  for 
the  test,  and  dried  at  a  temperature  of  100°  cent.  (212°  Fahr.)  prior  to 
sieving. 

22. — Method. — The  thoroughly  dried  and  coarsely  screened  sample 
is  weighed  and  placed  on  the  No.  200  sieve,  which,  with  pan  and  cover 
attached,  is  held  in  one  hand  in  a  slightly  inclined  position,  and  moved 
forward  and  backward,  at  the  same  time  striking  the  side  gently  with 
the  palm  of  the  other  hand,  at  the  rate  of  about  200  strokes  per  minute. 
The  operation  is  continued  until  not  more  than  one-tenth  of  1%  passes 
through  after  one  minute  of  continuous  sieving.  The  residue  is 
weighed,  then  placed  on  the  No.  100  sieve  and  the  operation  repeated. 
The  work  may  be  expedited  by  placing  in  the  sieve  a  small  quantity 
of  large  steel  shot.  The  results  should  be  reported  to  the  nearest  tenth 
of  1  per  cent. 

Normal  Consistency. 

23. — Significance. — The  use  of  a  proper  percentage  of  water  in 
making  the  pastes*  from  which  pats,  tests  of  setting,  and  briquettes 
are  made,  is  exceedingly  important,  and  affects  vitally  the  results 
obtained. 

24. — The  determination  consists  in  measuring  the  amount  of  water 
required  to  reduce  the  cement  to  a  given  state  of  plasticity,  or  to  what 
is  usually  designated  the  normal  consistency. 

25, — The  Committee  recommends  the  following  method  for  deter- 
mining normal  consistency. 

26. — Method.  Vicat  Needle  Apparatus.- — ^This  consists  of  a  frame 
(K),  Fig.  2,  bearing  a  movable  rod  (L),  with  the  cap  (A)  at  one  end, 

*The  term  "  paste  "  is  used  in  this  report  to  designate  a  mixture  of  cement  and  water, 
and  the  word  "mortar"  a  mixture  of  cement,  sand,  and  water. 
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and  at  the  other  the  cylinder  (B),  1  cm.  (0.39  in.)  in  diameter,  the  cap, 
rod.  and  cylinder  weighing  300  g.  (10.58  oz.).  The  rod,  which  can  be 
held  in  any  desired  position  by  a  screw  (F),  carries  an  indicator, 
whicli  moves  over  a  scale  (graduated  to  centimeters)  attached  to  the 
frame  {,K).  The  paste  is  held  by  a  conical,  hard-rubber  ring  (/),  7  em. 
(2.76  in.)  in  diameter  at  the  base,  4  cm.  (1.57  in.)  high,  resting  on  a 
glass  plate  (J),  about  10  cm.  (3.94  in.)  square. 


VICAT  NEEDLE. 
Fio.  2. 

27. — In  making  the  determination,  the  same  quantity  of  cement  as 
will  be  subsequently  used  for  each  batch  in  making  the  briquettes,  but 
not  less  than  500  g.,  is  kneaded  into  a  paste,  as  described  in  Para- 
graph 52,  and  quickly  formed  into  a  ball  with  the  hands,  completing 
the  operation  by  tossing  it  six  times  from  one  hand  to  the  other,  main- 
tained 6  in.  apart;  the  ball  is  then  pressed  into  the  rubber  ring,  through 
the  larger  opening,  smoothed  off,  and  placed  (on  its  large  end)  on  a 
glass  plate  and  the  smaller  end  smoothed  off  with  a  trowel;  the  paste, 
confined  in  the  ring,  resting  on  the  plate,  is  placed  under  the  rod 
bearing  the  cylinder,  which  is  brought  in  contact  with  the  surface 
and  quickly  released. 

28. — The  paste  is  of  normal  consistency  when  the  cylinder  in  one 
minute  from  the  time  it  is  released  penetrates  to  a  point  in  the  mass 
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10  mm.  (0.39  in.)  below  the  top  of  the  ring.  Great  care  must  be  taken 
to  fill  the  ring  exactly  to  the  top.  The  apparatus  must  be  free  from 
all  vibrations  during  the  test. 

29. — The  trial  pastes  are  made  with  varying  percentages  of  water 
until  the  correct  consistency  is  obtained. 

30. — The  Committee  has  recommended,  as  normal,  a  paste,  the  con- 
sistency of  which  is  rather  wet,  because  it  believes  that  variations  in 
the  amount  of  compression  to  which  the  briquette  is  subjected  in 
moulding  are  likely  to  be  less  with  such  a  paste. 

31. — Having  determined  in  this  manner  the  proper  percentage  of 
water  required  to  produce  a  paste  of  normal  consistency,  the  proper 
percentage  required  for  the  mortars  is  obtained  from  the  table  be^ow. 

Percentage  of  Water  for  Standard  Mortars. 


One  cement. 

One  cement. 

One  cement. 

Neat. 

three  standard 

Neat. 

three  standard 

Neat. 

three  standard 

Ottawa  sand. 

Ottawa  sand. 

Ottawa  sand. 

15 

8.0 

23 

9.3 

31 

10.7 

16 

8.2 

24 

9.5 

32 

10.8 

17 

8.3 

25 

9.7 

33 

11.0 

18 

8.5 

26 

9.8 

34 

11.2 

19 

8.7 

37 

10.0 

35 

11.5 

20 

8.8 

28 

10.2 

36 

11.5 

21 

9.0 

29 

10.3 

37 

11.7 

22 

9.2 

30 

10.5 

38 

11.8 

Time  of  Setting. 

32. — Significance. — The  object  of  this  test  is  to  determine  the  time 
which  elapses  from  the  moment  water  is  added  until  the  paste  ceases 
to  be  fluid  and  plastic  (called  the  "initial  set"),  and  also  the  time 
required  for  it  to  acquire  a  certain  degree  of  hardness  (called  the 
"final"  or  "hard  set").  The  former  of  these  is  the  more  important, 
since,  with  the  commencement  of  setting,  the  process  of  crystallization 
or  hardening  is  said  to  begin.  As  a  disturbance  of  this  process  may 
produce  a  loss  of  strength,  it  is  desirable  to  complete  the  operation  of 
mixing  and  moulding  or  incorporating  the  mortar  into  the  work  before 
the  cement  begins  to  set. 

33. — -It  is  usual  to  measure  arbitrarily  the  beginning  and  end  of 
the  setting  by  the  penetration  of  weighted  wires  of  given  diameters. 

34. — Method. — iTor  this  purpose  the  Vicat  Needle,  which  has  already 
been  described  in  Paragraph  26,  should  be  used. 

35. — In  making  the  test,  a  paste  of  normal  consistency  is  moulded 
and  placed  under  the  rod  (L),  Fig.  2,  as  described  in  Paragraph  2Y; 
this  rod,  bearing  the  cap  (D)  at  one  end  and  the  needle  (H),  1  mm. 
(0.039  in.)  in  diameter,  at  the  other,  weighing  300  g.  (10.58  oz.).  The 
needle  is  then  carefully  brought  in  contact  with  the  surface  of  the 
paste  and  quickly  released. 
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36. — The  setting  is  said  to  have  commenced  when  the  needle  ceases 
to  pass  a  point  5  mm.  (0.20  in.)  above  the  upper  surface  of  the  glass 
plate,  and  is  said  to  have  terminated  the  moment  the  needle  does  not 
sink  visibly  into  the  mass, 

37. — The  test  pieces  should  be  stored  in  moist  air  during  the  test; 
this  is  accomplished  by  placing  them  on  a  rack  over  water  contained 
in  a  pan  and  covered  with  a  damp  cloth,  the  cloth  to  be  kept  away 
from  them  by  means  of  a  wire  screen;  or  they  may  be  stored  in  a  moist 
box  or  closet. 

38. — Care  should  be  taken  to  keep  the  needle  clean,  as  the  collection 
of  cement  on  the  sides  of  the  needle  retards  the  penetration,  while 
cement  on  the  point  reduces  the  area  and  tends  to  increase  the 
penetration. 

39. — The  determination  of  the  time  of  setting  is  only  approximate, 
being  materially  affected  by  the  temperature  of  the  mixing  water,  the 
temperature  and  humidity  of  the  air  during  the  test,  the  percentage  of 
water  used,  and  the  amount  of  kneading  the  paste  receives. 

Standard  Sand. 

40. — The  Committee  recommends  the  natural  sand  from  Ottawa, 
111.,  screened  to  pass  a  sieve  having  20  meshes  per  linear  inch  and 
retained  on  a  sieve  having  30  meshes  per  linear  inch;  the  wires  to 
have  diameters  of  0.0165  and  0.0112  in.,  respectively,  i.  e.,  half  the 
width  of  the  opening  in  each  case.  Sand  having  passed  the  No.  20 
sieve  shall  be  considered  standard  when  not  more  than  1%  passes  a 
No.  30  sieve  after  one  minute's  continuous  sifting  of  a  500-g.  sample.* 

Form  of  Test  Pieces. 

41. — For  tension  tests  the  Committee  recommends  the  form  of  test 
\mH'c  shown  in  Fig.  3. 

42. — For  compression  tests  a  2-in.  cube,  is  recommended. 

Moulds. 

43. — The  moulds  should  be  made  of  brass,  bronze,  or  some  equally 
non-corrodible  material,  having  sufficient  metal  in  the  sides  to  prevent 
spreading  during  moulding. 

44. — Gang  moulds,  which  permit  moulding  a  number  of  briquettes 
at  one  time,  are  preferred  by  many  to  single  moulds;  since  the  greater 
quantity  of  mortar  that  can  be  mixed  tends  to  produce  greater  uni- 
formity in  the  results.    The  type  shown  in  Fig.  4  is  recommended. 

4."). — The  moulds  should  be  wiped  with  an  oily  cloth  before  using. 

*  This  sand  may  be  obtained  from  the  Ottawa  Silica  Company  at «  cost  of  two  cents  per 
pound,  f.  o.  b.  cars,  Ottawa.  Illinois. 
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DETAILS  FOR  BRIQUETTE. 
Fig.  3. 


DETAILS  FOR  GANG  MOULD. 
Fig.  4. 


MOULD  FOR  COMPRESSION  TEST  PIECES 
Fig.  5. 
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Mi\i.\(;. 

4<!. — All  proportions  pliould  be  stated  by  weight;  the  quantity  of 
water  to  be  used  should  be  stated  as  a  percentage  of  the  dry  material. 

47. — The  metric  system  is  recommended  because  of  the  convenient 
relation  of  the  gramme  and  the  cubic  centimeter. 

48. — The  temperature  of  the  room  and  the  mixing  water  should  be 
as  near  21°  cent.  (70°  Fahr.)  as  it  is  practicable  to  maintain  it. 

49. — The  sand  and  cement  should  be  thoroughly  mixed  dry.  The 
mixing  should  be  done  on  some  non-absorbing  surface,  preferably  plate 
glass.  If  the  mixing  must  be  done  on  an  absorbing  surface  it  should 
be  thoroughly  dampened  prior  to  use. 

50. — The  quantity  of  material  to  be  mixed  at  one  time  depends  on 
the  number  of  test  pieces  to  be  made;  about  1000  g.  (35.28  oz.)  makes 
a  convenient  quantity  to  mix,  especially  by  hand  methods. 

51. — The  Committee,  after  investigation  of  the  various  mechanical 
mixing  machines,  has  decided  not  to  recommend  any  machine  that  has 
thus  far  been  devised,  for  the  following  reasons: 

(1)  The  tendency  of  most  cement  is  to  "ball  up"  in  the  machine, 
thereby  preventing  the  working  of  it  into  a  homogeneous  paste;  (2) 
there  are  no  means  of  ascertaining  when  the  mixing  is  complete  with- 
out stopping  the  machine,  and  (3)  the  difficulty  of  keeping  the  machine 
clean. 

52. — Method. — The  material  is  weighed  and  placed  on  the  mixing 
table,  and  a  crater  formed  in  the  center,  into  which  the  proper  per- 
centage of  clean  water  is  poured;  the  material  on  the  outer  edge  is 
turned  into  the  crater  by  the  aid  of  a  trowel.  As  soon  as  the  water  has 
been  absorbed,  which  should  not  require  more  than  one  minute,  the 
operation  is  completed  by  vigorously  kneading  with  the  hands  for  an 
additional  one  minute,  the  process  being  similar  to  that  used  in  knead- 
ing dough.  A  sand-glass  affords  a  convenient  guide  for  the  time  of 
kneading.  During  the  operation  of  mixing,  the  hands  should  be 
protected  by  gloves,  preferably  of  rubber. 

.MOILDIN'G. 

53. — Having  worked  the  paste  or  mortar  to  the  proper  consistency, 
it  is  at  once  placed  in  the  moulds  by  hand. 

54. — The  Committee  has  been  unable  to  secure  satisfactory  results 
with  the  present  moulding  machines;  the  operation  of  machine  mould- 
ing is  very  slow,  and  the  present  types  permit  of  moulding  but  one 
briquette  at  a  time,  and  are  not  practicable  with  the  pastes  or  mortars 
herein  recommended. 

55. — Method. — The  moulds  should  be  filled  immediately  after  the 
mixing  is  completed,  the  material  pressed  in  firmly  with  the  fingers  and 
smoothed  off  with  a  trowel  without  mechanical  ramming;  the  material 
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should  be  heaped  up  on  the  upper  surface  of  the  mould,  and,  in  smooth- 
ing off,  the  trowel  should  be  drawn  over  the  mould  in  such  a  manner 
as  to  exert  a  moderate  pressure  on  the  excess  material.  The  mould 
should  be  turned  over  and  the  operation  repeated. 

56. — A  check  upon  the  uniformity  of  the  mixing  and  moulding  is 
afforded  by  weighing  the  briquettes  just  prior  to  immersion,  or  upon 
removal  from  the  moist  closet.  Briquettes  which  vary  in  weight  more 
than  3%  from  the  average  should  not  be  tested. 

Storage  of  the  Test  Pieces. 

57. — During  the  first  24  hours  after  moulding,  the  test  pieces  should 
be  kept  in  moist  air  to  prevent  them  from  drying  out. 

58. — A  moist  closet  or  chamber  is  so  easily  devised  that  the  use  of 
the  damp  cloth  should  be  abandoned.  Covering  the  test  pieces  with  a 
damp  cloth  is  objectionable,  as  commonly  used,  because  the  cloth  may 
dry  out  unequally,  and,  in  consequence,  the  test  pieces  are  not  all  main- 
tained under  the  same  condition.  Where  a  moist  closet  is  not  available, 
a  cloth  may  be  used  and  kept  uniformly  wet  by  immersing  the  ends  in 
water.  It  should  be  kept  from  direct  contact  with  the  test  pieces  by 
means  of  a  wire  screen  or  some  similar  arrangement. 

59. — A  moist  closet  consists  of  a  soapstone  or  slate  box,  or  a  metal- 
lined  wooden  box — the  metal  lining  being  covered  with  felt  and  this 
felt  kept  wet.  The  bottom  of  the  box  is  so  constructed  as  to  hold 
water,  and  the  sides  are  provided  with  cleats  for  holding  glass  shelves 
on  which  to  place  the  briquettes.  Care  should  be  taken  to  keep  the  air 
in  the  closet  uniformly  moist. 

60. — After  24  hours  in  moist  air,  the  test  pieces  for  longer  periods 
of  time  should  be  immersed  in  water  maintained  as  near  21°  cent. 
(70°  Fahr.)  as  practicable;  they  may  be  stored  in  tanks  or  pans,  which 
should  be  of  non-corrodible  material. 


Tensile  Strength. 

61. — The  tests  may  be  made  on  any  machine.  A  solid  metal  clip, 
as  shown  in  Fig.  6,  is  recommended.  This  clip  is  to  be  used  without 
cushioning  at  the  points  of  contact  with  the  test  specimen.  The  bear- 
ing at  each  point  of  contact  should  be  ^  in.  wide,  and  the  distance 
between  the  center  of  contact  on  the  same  clip  should  be  li  in. 

62. — Test  pieces  should  be  broken  as  soon  as  they  are  removed  from 
the  water.  Care  should  be  observed  in  centering  the  briquettes  in  the 
testing  machine,  as  cross-strains,  produced  by  improper  centering,  tend 
to  lower  the  breaking  strength.  The  load  should  not  be  applied  too 
suddenly,   as   it  may  produce  vibration,   the  shock  from  which  often 
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breaks  the  briquette  before  the  ultimate  strength  is  reached.  Care 
must  be  taken  that  the  clips  and  the  sides  of  the  briquette  be  clean 
and  free  from  grains  of  sand  or  dirt,  which  would  prevent  a  good 
bearing.  The  load  should  be  applied  at  the  rate  of  600  lb.  per  min. 
The  average  of  the  briquettes  of  each  sample  tested  should  be  taken  as 
the  test,  excluding  any  results  which  are  manifestly  faulty. 


FORM  OF  CLIP. 
Fig.  6. 


Compressive  Strength. 

63. — The  tests  may  be  made  in  any  machine  provided  with  means 
for  so  applying  the  load  that  the  line  of  pressure  is  along  the  axis  of 
the  test  piece.  A  ball-bearing  block  for  this  purpose  is  shown  in 
Fig.  7. 

Some  appliance  to  facilitate  placing  the  center  of  the  ball  bearing 
exactly  in  the  line  of  the  axis  of  the  test  piece  should  be  provided. 
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64. — The  test  piece  should  be  placed  in  the  testing  machine  with 
a  piece  of  heavy  blotting  paper  on  each  of  the  crushing  faces,  which 
should  be  those  that  were  in  contact  with  the  mould. 

The  test  piece  should  be  broken  as  soon  as  removed  from  the  water. 

Constancy  of  Volume. 

65. — Significance. — The  object  is  to  develop  those  qualities  which 
tend  to  destroy  the  strength  and  durability  of  a  cement.     As  it  is 


Head  of  Testing  Macliine 

BALL-BEARING  BLOCK  FOR  TESTING  MACHINE 
Fi(i.  7. 

highly  essential  to  determine  such  qualities  at  once,  tests  of  this  char- 
acter are  for  the  most  part  made  in  a  very  short  time,  and  are  known, 
therefore,  as  accelerated  tests.  Failure  is  revealed  by  cracking,  check- 
ing, swelling,  or  disintegration,  or  all  of  these  phenomena.  A  cement 
which  remains  perfectly  sound  is  said  to  be  of  constant  volume. 

66. — Methods. — Tests  for  constancy  of  volume  are  divided  into 
two  classes:  (1)  normal  tests,  or  those  made  in  either  air  or  water 
maintained  at  about  21°  cent.   (70°  Fahr.),  and  (2)   accelerated  tests. 
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or  those  made  in  air,  steam,  or  water  at  a  temperature  of  45°  cent. 
(113°  Fahr.)  and  upward.  The  test  pieces  should  be  allowed  to  remain 
24  hours  in  moist  air  before  immersion  in  water  or  steam,  or  preserva- 
tion in  air. 

67. — For  these  tests,  pats,  about  Yi  cm.  (2.95  in.)  in  diameter,  1^ 
cm.  (0.49  in.)  thick  at  the  center,  and  tapering  to  a  thin  edge,  should 
be  made,  upon  a  clean  glass  plate  [about  10  cm.  (3.94  in.)  square], 
from  cement  paste  of  normal  consistency. 

68. — Normal  Test. — A  pat  is  immersed  in  water  maintained  as  near 
21°  cent.  (70°  Fahr.)  as  possible  for  28  days,  and  observed  at  intervals. 
A  similar  pat,  after  24  hours  in  moist  air,  is  maintained  in  air  at 
ordinary  temperature  and  observed  at  intervals. 

69. — Accelerated  Test. — A  pat  is  placed  in  an  atmosphere  of  steam 
upon  a  wire  screen  1  in.  above  boiling  water  for  five  (5)  hours.  The 
apparatus  should  be  so  constructed  as  to  permit  the  free  escape  of 
steam  and  maintain  atmospheric  pressure.  Since  the  type  of  apparatus 
used  has  a  great  influence  on  the  uniformity  of  the  results,  that  shown 
in  Fig.  8  is  recommended. 

70. — To  pass  these  tests  satisfactorily,  the  pats  should  remain  firm 
and  hard,  and  show  no  signs  of  cracking,  distortion  or  disintegration. 

71. — Should  the  pat  leave  the  plate,  distortion  may  be  detected  best 
with  a  straight-edge  applied  to  the  surface  which  was  in  contact  with 
the  plate. 

72. — In  the  present  state  of  our  knowledge  it  cannot  be  said  that 
cement  should  necessarily  be  condemned  simply  for  failure  to  pass  the 
accelerated  tests;  nor  can  a  cement  be  considered  entirely  satisfactory 
simply  because  it  has  passed  these  tests. 

Submitted  on  behalf  of  the  Committee, 

George  S.  Webster, 

Chairman. 

Richard  L.  Humphrey, 

Secretary. 


January  18th,  1911. 
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EXCURSIONS    ANl>    ENTERTAINMENTS   AT    THE    FIFTY-EIUHTH 
ANNUAL   MEETING 

Wednesday,  January  i8th,  1911.— After  the  adjournment  of  the 
Business  fleeting,  at  about  1  p.  M.,  two  excursion  parties  were 
organized :  to  visit  the  plant  of  the  Keuffel  and  Esser  Company  and 
the  Brooklyn  Navy  Yard. 

About  200  members  visited  the  Keuffel  and  Esser  works,  in 
Hoboken,  N.  J.,  and,  after  lunch,  provided  by  that  firm,  were  conducted 
by  guides  through  all  parts  of  the  works,  and  afforded  an  opportunity 
to  witness  all  the  various  processes  of  manufacture. 

The  number  visiting  the  Navy  Yard  was  about  400.  From  the 
foot  of  East  Twenty-fourth  Street  a  Navy  Yard  tug  conveyed  the 
party  across  the  East  River  to  the  Yard.  Lunch,  provided  by  officers 
of  the  Civil  Engineer  Corps  of  the  Navy,  was  served  in  one  of  the 
large  buildings,  and  then  the  party  inspected  the  new  dry  dock  (under 
construction),  a  reinforced  concrete  sea  wall,  the  battleship  Florida 
(under  construction),  -and  the  various  shop  buildings. 

At  9  p.  M.  there  was  a  Reception,  with  dancing,  in  the  Society 
House,  at  which  the  attendance  was  5V5. 

Thursday,  January  19th,  1911  — The  day  was  devoted  to  an  excur- 
sion to  the  works  of  the  Bethlehem  Steel  Company,  at  South  Bethlehem, 
Pa.  A  special  train  on  the  Lehigh  Valley  Railroad,  having  on  board 
666  members  and  guests,  left  Jersey  City  at  8.30  a.  m.,  and,  after 
making  stops  at  ^Market  Street,  Newark,  and  at  Plainfield,  arrived  at 
Bethlehem  at  about  10.30  a.  m. 

After  inspecting  the  structural  mill  and  the  rolling  and  finishing 
of  structural  shapes,  the  rail  mill  and  the  rolling  of  open-hearth  steel 
rails,  etc.,  the  party  proceeded  to  the  ofiices  of  the  company,  where 
lunch  was  served.  After  lunch  the  party  inspected  the  ordnance  works 
and  the  forging  of  guns  and  armor  jjlate,  the  gun-finishing  machine 
shops,  blast  furnaces,  etc.  The  special  train  left  Bethlehem  for  the 
return  journey  at  4.30  p.  M.,  arriving  in  Jersey  City  at  about  7  P.  M. 

In  the  evening,  at  the  Society  House,  there  was  a  social  and 
informal  "Smoker,"  at  which  the  attendance  was  about  700. 

The  following  list  contains  the  names  of  782  members  who  regis- 
tered as  being  in  attendance  at  the  x\nnual  Meeting.  The  list  is  incom- 
plete as  many  members  failed  to  register,  and  it  does  not  contain  the 
names  of  any  of  the  guests  of  the  Society  or  of  individual  Members. 
The  attendance  at  the  Business  Meeting  was  627;  at  the  Reception 
576 ;  on  the  Excursion  666 ;  at  the  Smoker  about  700,  a  total  attendance 
at  the  various  functions  of  the  Annual  Meeting  of  2  569. 

Abrons,  L.  W....New  York   City   Aikenhead,  J.  R.  .New  York  City 

Adey,  W.  n Cohoes,  N.  Y.   Aims,  W.  I New  York  City 

Aiken,  W.  A.  . .  .Philadelphia,  Pa.   Alden,  C.  A Steelton,  Pa. 
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Alden,  H.  C New  York  City  Bernegau,  CM..  .New  York  City 

Alderman,  C.  A.  ..  .Buffalo,  N.  Y.  Bettes,  C.  R.  .Far  Eockaway,  N.  Y. 

Alexander,  H.  J.  .Brooklyn,  N.  Y.  Betts,  R.  T New  York  City 

Allardice,  E.  R.  B.  .Clinton,  Mass.  Beugler,  E.  J New  York  City 

Allen,  E.  Y.  . .  South  Orange,  N.  J.  Bevan,  L.  J New  York  City 

Allen,  Kennetn.  .  .New  York  City  Bigelow,  W.  W . .  .  Waltham,  Mass. 

Alsberg,  Julius ....  New  York  City  Blakeley,  G.  H., 
Andrews,  Horace..  .Albany,  N.  Y.  South  Bethlehem,  Pa. 

Armstrong,  R.  S.  .New  York  City  Blakeslee,  C  .New  Haven,  Conn. 

Armstrong,  R.  W.  .New  York  City  Blanchard,  A.  H.  .PT-^'^-i'dpnor.,  R.  I. 

Armstrong,  W.  C Chicago,  111.  Blanchard,  M New  York  City 

Ashmead,  P.  H.  .Manhasset,  N.  Y.  Blatt,  Max New  York  City 

Atwood,  T.  C Yonkers,  N.  Y.  Blickle,  H.  R Pittsburg,  Pa. 


Atwood,  W.  G. .  .Indianapolis,  Ind. 

Auryansen,  F Jamaica,  N.  Y. 

Austin,  W.  E New  York  City 

Aycrigg,  W.  A.  . .  .New  York  City 


Babcock,  W.  S New  York  City 

Baird,  H.  C New  York  City 

Baldwin,  F.  H 

Baldwin,  W.  J 

Bamford,  W.  B.  ..  .Trenton,  N.  J. 

Bance,  C.  W..  .Jersey  City,  N.  J. 

Barker,  C.  W.  T.Philadelphia,  Pa. 

Barnes,  W.  G Albany,  N.  Y. 

Barney,  P.  C.  ..  .Brooklyn,  N.  Y. 
Barrett,  R.  E New  York  City 


Blodgett,  A.  M.  .Kansas  City,  Mo. 
Blossom,  Francis.  .New  York  City 

Blythe,  L.  H Brooklyn,  N.  Y. 

Bogart,  John New  York  City 

Boiler,  A.  P.  .East  Orange,  N.  J. 
Boiler,  A.  P.,  Jr., 

East  Orange,  N.  J. 

.Bayonne,  N.  J.   Bolton,  C.  M Rio,  Va. 

Brooklyn,  N.  Y.   Bond,  G.  M Hartford,  Conn. 

Booth,  G.  W New  York  City 

Bourguignon,  J.  .Flushing,  N.  Y. 
Bowman,  A.  L.  . .  .New  York  City 

Boyd,  J.  C New  York  City 

Boyd,  R.  W New  York  City 

Brace,  J.  H New  York  City 


Barshell,  F.  B.  ..  .New  York  City 
Bartoccini,  A. .  .Jersey  City,  N.  J. 
Bascome,  W.  R.  . .  .New  York  City 
Baum,  George.  ..  .Yonkers,  N.   Y. 

Beal,  G.  S Altoonn.  Pa. 

Becker,  E.  J .  . .  .  Waterf ord,  N.  Y. 
Beekman,  J.  V.,  Jr.  .Boston,  Mass. 

Beer,  Paul Des  Moines,  Iowa 

Belknap,  W.  E.  . .  .New  York  City 

Belzner,  Theo New  York  City 

Benedict,  F,  N New  York  City 


Brack ett.  Dexter.  ..  .Boston,  Mass. 

Brainard,  A.  S., 

East  Hartford,  Conn. 

Brainerd,  H.  A Elmira,  N.  Y. 

Bramwell,  G.  W.  .New  York  City 

Braunworth,  P.  L., 

White  Plains,  N.  Y. 

Breed,  H.  E Albany,  N.  Y. 

Breitzke,  C.  F.Cold  Spring,  N.  Y. 

Brennan,  J.  L.  ..  .New  York  City 

Breuchaud,  J New  York  City 

Bensel,  J.  A New  York  City  Breuchaud,  J.  R. .  .New  York  City 

Bent,  C.  C.  F.  . .  .New  York  City   Brewer,  B Waltham,  Mass. 

Bentley,  J.  C.  .Middletown,  N.  Y.   Briggs,  H.  A.Brown  Station,  N.  Y. 

Berger,  Bernt New  York  City   Briggs,  W.  C, 

Berger,  John New  York  City  Richmond  Hill,  N.  Y. 

Bergman,  H.  M.  ..New  York  City  Brinckerhoff,  A.  G.  New  York  Citv 
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liroiulhurst,  W.  G., 

llackeiisiick,  N.  J. 
Brodie,  O.  L., 

West  Xew  lirighton.  N.  Y. 
Brown,  C.  C.  ..  .  Iiidiiiiiapolis,  Ind. 

Brown.  G.  C ..utt'nlo,  N.  Y. 

Brown.  .1.  II Brooklyn,  N.  Y". 

Brown,  -I.  II..  .Ir.  .New  York  City 

Brown,  X.   F Pittsbnro,  Pa. 

Brown.  R.  II New  Y^ork  City 

Brown,    r.   K Xew  Y''ork  City 

Urunncr.  .1 Kvanston,  111. 

Brn-h.   W.    W.  ..  .Brooklyn,  N.  Y. 

Buck.   II.    K Hartford,  Conn. 

Buck,  R.  S New  York  City 

Budell.  A.  E New  Y^ork  City 

Buel,  E.  O Westbury,  N.  Y. 

Buell,  W.  A New  York  City 

Burden,  J Oswego,  N.  Y. 

Burdett,  F.  A New  Y'ork  City 

Burns,  J.  P Watertown,  N.  Y. 

Burr,  W.  II New  York  City 

Burroughs.  II.  R.  .Brooklyn,  N.  Y. 

Bush,  E.  W Saybrook,  Conn. 

Bush,  H.  D Baltimore,  Md. 

Bush,  Lincoln.  .East  Orange,  N.  J. 

Cantwell,  H.  H., 

Croton-on-IIudson,  N.  Y. 

Carey,  E.  G New  Y^ork  City 

Carmalt,  L.  J New  York  City 

Carpenter,  A.  W.  .  i^onkers,  N.  Y. 
Carpenter,  C.  E.  .Yonkers,  N.  Y. 
Carr,  Albert. .  .East  Orange,  N.J. 

Carter,  A.  E New  Y^ork  City 

Carter,  Shirley Norfolk,  Va. 

Chadbourn,  W.  H.,  Jr., 

Brookline,  Mass. 

Chappell,  T.  F New  York  City 

Chase,  J.  C Derry,  N.  H. 

Chase,  E.  D.  .New  Bedford,  Mass. 

Chester,  J.  N Pittsburg,  Pa. 

Christian,  G.  L.  ..New  York  City 

Christie,  W.  W Paterson,  N.  J. 

Christy,  G.  L.  .White  Plains,  N.  Y. 


Clapp,  S.  K...WcstShokan,N.Y. 

Clapp,  W.  B Pasadena,  Cal. 

Clark,  A.  E Brooklyn,  N.  Y. 

Clark,  R.  N Hartford,  Conn. 

Clark,  W.  G Tenafly,  N.  J. 

Clarke,  E.  W.  .Pleasantville,  N.  Y. 

Clarke,  G.  C New  York  City 

Clarke,  St.  John.  ..  .Bogota,  N.  J. 
Clausnitzer,  J.... New  York  City 
Claybaugh,  II.  W. .  .Franklin,  Pa. 
Clermont,  J.  B.  . .  .New  York  City 
Cleveland,  L.  B.  .  Watertown,  N.Y. 

Codwise,  E.  B Kingston,  N.  Y. 

Codwise,  H.  R Brooklyn,  N.  Y. 

Coffin,  A South  Orange,  N.  J. 

Cole,  E.  S Montclair,  N.  J. 

Cole,  G.  N New  York  City 

Collier,  B.  C New  York  City 

Connell,  H.  L.  .Pleasantville,  N.  Y. 
Conover,  C.  E.  . .  .Brooklyn,  N.  Y. 

Cook,  John  H Paterson,  N.  J. 

Cook,  J.  W Passaic,  N.  J. 

Coulter,  W.  S.  ..  .Brooklyn,  N.  Y. 
Courtenay,  W.  H . .  Louisville,  Ky. 

Cowles,  L.  S Boston,  Mass. 

Crandall,  C.  L.  . .  .Sandwich,  Mass. 

Crane,  C.  A New  York  City 

Crane,  F.  E .  . .  .  Amsterdam,  N.  Y. 
Creuzbaur,  R.  W.  .Brooklyn,  N.  Y. 

Crosby,  H Brooklyn,  N.  Y. 

Crowell,  F New  York  City 

Cuddeback,  A.  W.  .Paterson,  N.  J. 
Cummings,  N....New  York  City 
Cunningham,  S.,  Jr., 

Mamaroneck,  N.  Y. 
Cuntz,  Wm.  C.  ..  .New  York  City 
Currier,  C.  G....New  York  City 

Curtis,  F.  S Boston,  Mass 

Curtis,  V.  P.  ..  .Worcester,  Mass. 
Cutler,  L.  G New  Y^ork  City 

Dalrymple,  F.  W.  .Bayonne,  N.  J. 
Darrow,  W.  J.  . .  .New  York  City 
Dater,  P.  H..  ..Little  Falls,  N.  Y. 
Davis,  C.  B Troy,  N.  Y. 
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Davis,  C.  E.  .Brown  Station,  N.  Y. 

Davis,  J.  L Mt.  Vernon,  N.  Y. 

Davis,  W.  R Albany,  N.  Y. 

Dean,  Luther Taunton,  Mass. 

Deans,  J.  S Phoenixville,  Pa. 

Derby,  C.  C.Richmond  Hill,  N.  Y. 
Devin,  George.  ..  .New  York  City 

Devlin,  H.  S New  York  City 

Deyo,  S.  L.  F New  York  City 

Dimon,  D,  Y Passaic,  N.  J. 

Dodge,  J.  L New  York  City 

Donham,  B.  C.  ..  .New  York  City 
Dougherty,  R.  E.  .New  York  City 
Douglas,  W.  J.  ..  .New  York  City 

Dow,  A Detroit,  Mich. 

Dutton,  C.   H.  .Chelmsford,  Mass. 

Eckersley,  J.   O.  .New  York  City 

Edwards,  D.  G Walden,  N.  Y. 

Edwards,  J.  H Passaic,  N.  J. 

Ehle,  Boyd Yonkers,  N.  Y. 

Ehrbar,  L.   H New  York   City 

Ellis,  H.  C.  . .  .White  Plains,  N.  Y. 

Ellis,  J.  W Woonsocket,  R.  I. 

Endicott,  M.  T.  .Washington,  D.  C. 
Entenmann,  P.  M.  .New  York  City 

Esselstyn,  H.  H Detroit,  Mich. 

Estabrook,  G.  M.Hempstead,  N.  Y. 
Ewing,  W.  W New  York  City 

Panning,  J.  T.Minneapolis,  Minn. 
Farley,  J.  M.  .White  Plains,  N.  Y. 

Farley,  P.  P Brooklyn,  N.  Y 

Farnham,  A.  B. .  .Pittsfield,  Mass. 
Farriilgton,  H.  P.  .New  York  City 

Fay,  F.  H Boston,  Mass. 

Federlein,  W.  G. .  .New  York  City 
Felgenhauer,  F.  J.Brooklyn,  N,  Y. 

Fenton,  L.  G Brooklyn,  N.  Y. 

Ferguson,  G.  R.  . .  .New  York  City 

Ferguson,  J.  N Boston,  Mass. 

Fetherston,  J.  T., 

New  Brighton,  N.  Y. 
Field,  W.  P Newark,  N.  J. 


Finch,  J.  K New  York  City 

Firth,  E.  W Jamaica,  N.  Y. 

Fisher,  E.  A Rochester,  N.  Y. 

Fisher,  H.  T Philadelphia,  Pa. 

FitzGerald,  D.  ..  .Brookline,  Mass. 
Fletcher,  Robert.  .Hanover,  N.  H. 

Flinn,  A.  D Yonkers,  N.  Y. 

Forbes,  F.  B New  York  City 

Ford,  H.  C New  York  City 

Forrest,  C.  N Maurer,  N.  J. 

Foss,  F.  E New  York  City 

Foster,  E.  H New  York  City 

Fougner,  H New  York  City 

Fox,  W.  F New  York  City 

Francis,  G.  B.  ..  .New  York  City 
Freeman,  M.  H.  Stone  Ridge,  N.  Y. 
French,  A.  H.  ..  .Bi'ookline,  Mass. 
French,  A.  W.  . .  .Worcester,  Mass. 
French,  C.  R.  . .  Wilkes-Barre,  Pa. 

French,  J.  B New  York  City 

Frost,  G.  S Brooklyn,  N.  Y. 

Fuller,  G.  W New  York  City 

Fuller,  W.  B Palisade,  N.  J. 

Furber,  W.  C.  ..  .Philadelphia,  Pa. 

Gadd,  R.  F Hartford,  Conn. 

Gandolfo,  J.  H.  . .  .New  York  City 
Gardiner,  F.  W.  . .  .Yonkers,  N.  Y. 

Gardner,  M.  L Newark,  N.  J. 

Gartensteig,  C.  ..  .New  York  City 
Gaston,  L.  P.  ..  .Somerville,  N.  J. 

Giddings,  F Atchison,  Kans. 

Gifford,  G.  E New  York  City 

Gildersleeve,  A.  C.  .New  York  City 

Giles,  R New  York  City 

Gilfilian,  G.  A Pittsburg,  Pa. 

Gillen,  W.  J New  York  City 

Gillespie,  R.  H.  . .  .New  York  City 

Gilman,  C Plainfield,  N.  J. 

Gilmore,  A.  L.  . .  .New  York  City 
Gladding,  H.  H.New  Haven,  Conn. 
Glander,  J.  H.,  Jr. New  York  City 
Goldsborough,  J.  B .  .  Croton,  N.  Y. 
Goodman,  L.  . .  .Des  Moines,  Iowa 
Goodsell,  D.  B.  ..  .New  York  City 
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Gould,  C.  M.  .  .Cold  Spring,  N.  Y. 

Gould,  W.  T Ilastiugs,  N.  Y. 

Graham,  C.  H New  York  City 

Grant,   J.   R., 

Vancouver,  B.  C,  Canada 

Gray,  J.  II Orangv,  N.  J. 

Gray,  W New  York  City 

Green,  B.  R.  . .  .Washington,  D.  C. 

Green,  C.  N New  ifork  City 

Greenalch,  W Albany,  N.  Y. 

Greene,  C New  York  City 

Greene,  G.  S.,  Jr.  .New  York  City 
Greenlaw,  R.  W., 

Cold  Spring,  N.  Y. 
Gregory,  C.  E.  . .  .Mt.  Kisco,  N.  Y. 
Gregory,  J.  H.  ..  .Montclair,  N.  J. 

Greiner,  J.  E Baltimore,  Md. 

Grimes,  E.  L Troy,  N.  Y. 

Gross,  C.  A New  York  City 

Gunther,  CO Hoboken,  N.  J. 

Eager,  A.  B New  York  City 

Hague,  C.  A New  York  City 

Haight,  H.  D New  York  City 

Haight,  S.  S New  York  City 

Hale,  H.  M.  . .  .High  Falls,  N.  Y. 

Hall,  M.  W New  York  City 

Hallihan,  J.  P.  . .  .New  York  City 

Hallock,  J.  C Newark,  N.  J. 

Hammatt,  E.  A.  W., 

Hyde  Park,  Mass. 
Hanavan,  W.  L.  .Xewburgh,  N.  Y. 
Hancock,  R.  R...New  York  City 

Hansel,  C New  York  City 

Harby,  I Trenton,  N.  J. 

Harding,  H.  S....Walden,  N.  Y. 

Hardt,  C.  W Harrisburg,  Pa. 

Harrington,  F.  F.  ..  .Norfolk,  Va. 
Harris,  F.  R.  ..  .Brooklyn,  N.  Y. 
Harrison,  E.  W.  .Jersey  City.  N.  J. 
Harte,  C.  R.  .New  Haven,  Conn. 

Plarwi,  S.  J Bayonne,  N.  J. 

Haskell,  E.  E Ithaca,  N.  Y. 

Ilaskins,  W.  J New  York  City 

Hatch,  F.  N New  York  City 


llatton,  T.  C Wilmington,  Del. 

Ilauck,  W Brewster,  N.  Y. 

Haywood,  C.  E New  York  City 

liazen,  A New  York  City 

Hazen,  J.  V Hanover,  N.  H. 

Heald,  E.  C Washington,  D.  C. 

llealy,  J.  R New  York  City 

Henderson,  J.  T.  .Hartford,  Conn. 
Herbert,  H.  M.BoundBrook,  N.  J. 

Ilewes,  V.  H New  York  City 

Hewitt,  George ....  New  York  City 

Hickok,  H.  A Newark,  N.  J. 

Iliggins,  C.  IT.  .Jersey  City,  N.  J. 
Higginson,  J.  Y., 

New  Rochelle,  N.  Y. 

Hill,  W.  R Albany,  N.  Y. 

Hillyer,  W.  K, 

Port  Richmond,  N,  Y. 

Hilton,  J.  C New  York  City 

Hilts,  H.  E.  .New  Rochelle,  N.  Y. 
Hodgdon,  B.  A.  . .  .New  York  City 

Hodge,  H.  W New  York  City 

Hoff,  Olaf New  York  City 

Hogan,  J.  P.  . .  .High  Falls,  N.  Y. 
Holbrook,  A.  R.  .New  Paltz,  N.  Y. 
Holbrook,  Percy. .  .New  York  City 

Holden,  C.  A Hanover,  N.  H. 

Holtsmark,  E.  . .  .New  York  City 
Tloltzman,  S.  F.  ..New  York  City 
Hone,  F.  De  P.  .Bronxville,  N.  Y. 
Honness,  G.  G.Plea.«antville,  N.  Y. 
Hopkins,  S.  U.  ..  .Brooklyn,  N.  Y. 
Hopson,  E.  H. .  .New  Paltz,  N.  Y. 

Hovey,  O.  E Plainfield,  N.  J. 

Howe,  C.  E Hastings,  N.  Y. 

Howe,  H.  J Yonkers,  N.  Y. 

Howes,  D.  W. .  .New  Paltz,  N.  Y. 

Iloyt,  W.  E Rochester,  N.  Y. 

Hubbell,  G.  S.  ..  .Flushing,  N.  Y. 

Hudson,  H.  W New  York  City 

Humphrey,  R.  L.Philadelphia,  Pa. 

Hunt,  C.  A New  York  City 

Hunt,  Chas.  Warren, 

New  York  City 
Hunt,  R.  W Chicago,  111. 
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Ilsley,  A.  B Washington,  D.  C.  La  Chicotte,  H.  A.Brooklyn,  N.  Y. 

Insley,  W.  H. .  .Indianapolis,  Ind.  Landreth,  O.  H .  Schenectady,  N.  Y. 

Irwin,  J.  C Rutland,  Vt.  Landreth,  W.  B., 

T       u      -o    TT  AT        \r    ^    r\-j.  Schenectady,  N.  Y. 

Jacobs,  R.  H Aew  York  Uity  ^  ^^     .  -.j       ^r    ,    /-cx 

^  Vi    x>  T?       11      AT    T  Lang,  F.  A New  York  City 

Janes,  G.  P Koselle,  JN.  J.  ^       .^i  to     ir-       x        at   ^t 

\  '  Lang-thorn,  J.  S.  .Kingston,  JSI.  Y. 

Janvrin,  N.  H.  .Newburgh,  N.  Y.  t^  t     t-  wi   x    ?>i   •       at  ^r 

T  \.^   TT  Lannan,   L.   E.  White  Plains,  N.  Y. 


Jaques,  W.  H 

Little  Boar's  Neck,  N.  H. 
Jenkins,  J.  E New  York  City 


Larsson,  C.  G.  E.  .New  York  City 

Lant,  F.  P New  York  City 

Latey,  H.  N New  York  City 


Johnson,  A New  York  City   -r      ■  '  -c^'       '  '  Wl    tt  at    ^t 

T  ,  -r^    ^         TVT       ^^1    ^-x      Lavis,  F Mt.  Vernon,  N.  Y. 

Johnson,  D.  C.  . .  .New  York  City  j^^^^  ^   ^ Woodside   N    Y 

Johnson,  G.  A . .  .  Montclair,  N.  J.  t      x        tt    tt'  t>-xx  i    '        t> 

J  1  T    -p  c+     u        13  Layton,  H.   F Pittsburg,  Pa. 

Johnson,  L.  E Steelton,  Pa.  t         tti    tt  /-n  •  th 

T.I n.._    XT     T3;xx.i..,„„.    -D„  Lee,  E.  IL Chicago,  111. 


Johnson,  Thos.  H.  .Pittsburg,  Pa 
Johnson,  W.  E., 


Lee,  E.  M New  York  City 

w    X  TT     xj.     T  r.  Lee,  W.  B Ilillburn,  N.  Y 

West  Hartlord,  Conn,   t  tt     a 

X  t^     at.  _  XT-  u  /n-x_   Leeuw,  H.  A., 

Yorktown  Heights,  N.  Y. 


Jonson,  Ernst  F.  .New  York  City 


N.  J. 


Jouett,  H.  D New  York  City  t    •  i  x        r\  \     i 

-r     ,    A     A    T         Ti      1 /-i-x     AT  -xr  Leighton,  G Andover, 

Just,  G.  A.LonglslandCity,  N.  Y.  t      ,•„         -r. 

'  '"  Lentilhon,  Eugene., 

Kafka,  F.  P New  York  City  Bay  Shore,  N.  Y. 

Kastl,  A.  E Peekskill,  N.  Y.  Leonard,  H.  R.  .Philadelphia,  Pa. 

Kauffmann,  W.  F.,  '  Lesley,  R.  W.  ..  .Philadelphia,  Pa. 

E.  Rutherford,  N.  J.  Letson,  T.  H New  York  City 

Keays,  R.  H New  Paltz,  N.  Y.  Lewis,  E.  W.  .  .New  Haven,  Conn. 

Keith,  H.  C New  York  City  Lewis,  N.  P Brooklyn,  N.  Y. 

Keller,  O.  B New  York  City  Lex,  W.  I Philadelphia,  Pa. 

Kelly,  C.  W New  Haven,  Conn.  Lincoln,  E.  L.Wliite  Plains,  N.  Y. 

Killam,   C.   W.  .Cambridge,   Mass.  Lindenthal,  G New  York  City 

Kimball,  G.  A Boston,  Mass.  Lindholm,   C.  B.  .Pittsfield,  Mass. 

King,  Wallace,  Jr.  .New  York  City  Llewellyn,  F.  T New  York  City 

Kinney,  W.  M Pittsburg,  Pa.  Lobo,  Carlos Brooklyn,  N.  Y. 

Kinsey,  W.  A Newark,  N.  J.  Lockwood,  W.  F.  .New  York  City- 
Knap,  E.  D Yonkers,  N.  Y.  Loewenstein,  Jacob .  New  York  City 

Knap,  J.  M Catskill,  N.  Y.  Logan,  W.  S Arlington,  N.  J. 

Knickerbocker,  C.  E.,  Look,  M.  J. .  .Brown  Station,  N.  Y. 

Middletown,  N.  Y.  Loomis,  H Mt.  Vernon,  N.  Y. 

Knight,  F.  B Chicago,  111.  Low,  G.  E Maplewood,  N.  J. 

Knighton,  J.  A.  .  .New  York  City  Loweth,  C.  F Chicago,  111. 

Knowles,  Morris.  ..  .Pittsburg,  Pa.  Lowinson,  Oscar.  .New  York  City 

Knox,  S.  B New  York  City  Lucas,  G.  L New  York  City 

Kohn,  A.  H Lancaster,  Pa.  Lueder,  A.  B New  Y^ork  City 

Krellwitz,D.  W.  .Brooklyn,  N.  Y.  Lynde,  C Walden,  N.  Y. 

Kuichling,  E New  York  City 

Kunz,  F.  C Philadelphia,  Pa.  MacGregor,  R.  A.  .New  York  City 
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.M:u-heii,  II.  B Xew  York  City    Miller,  xL  P New  York  City 

.Mackenzie.  T.  IL,  Miner,  E.  F Worcester,  Mass. 

Southington,  Conn.  .Mitclu>ll,  S.  P.  .  .Philadelphia,  Pa. 

Alaelay,  Wni.  W Lee,  Mass.  Mogensen,  O.  E.  .  .New  Y^'ork  City 

MacNeille,  P.  R.  .New  Y^ork  City    Moisseiff,  L.  S New  York  City 

:\[eConib.  CO Syracnse,  N.  Y.    Molitor,  D.  A Ithaca,  N.  Y. 

McCulloh,  ^V Albany,  N.  Y.    Molitor,  F New  Y^ork  City 

McCurdy,  II.  S.  II.,  Moller,  L New  Y^ork  City 

Brown  Station,  N.  Y.    Montfort,  R Louisville,  Ky. 

McGrew,  A.  P. Pittsburg,  Pa.    Moore,  F.  F New  Y^'ork  City 

Mclnnes,  F.  A Boston,  Mass.  Moore,  L.  E. .  .Newtonville,  Mass. 

McKibben,  F.  P.,  Moore,  W.  H.  .New  Haven,  Conn. 

South  Bethlehem,  Pa.  Moorshead,  A.  L.  .Arlington,  N.  J. 

.McKiin,  A.  K New  Y^ork  City   Mordecai,  A Cleveland,  Ohio 

McLean,  A Brooklyn,  N.  Y.  Morrill,  A.  H.  .  .Dorchester,  Mass. 

McMinn,  T.  J New  York  City  Morris,  L.  V.  .Garden  City,  N.  Y. 

McMulIen,  R.  W.  .New  York  City  Morrison,  C  E.  ..  .New  York  City 

McNaugher,  D.  W.  .Pittsburg,  Pa,  Morrison,   H.   J. .  .Peekskill,  N.  Y. 

McNulty,  G.  W.  ..New  Y^ork  City  Morton,  W.  S.  ..  .New  Y'ork  City 

Madden,  J.  H New  Y^ork  City  Mould,  G.  A.  H. .  .Brooklyn,  N.  Y. 

Mair.  J.  W Mt.  Vernon,  N.  Y.    Mowlds,  E Edge  Moor,  Del. 

Malmros,  N.  L.  ..  .New  York  City  Muchemore,  H.  L.Elizabeth,  N.  J. 

Manley,  H.  .West  Roxbury,  Mass.  Munkelt,  F.  H.  . .  .Brooklyn,  N.  Y. 

Manley,  L.  B.West  Roxbury,  Mass.  Murphy,  J.  F., 

^fanning,  W.  S.,  Jr.,  Brown  Station,  N.  Y. 

Syracuse,  N.  Y.    Murphy,  J.  J Yonkers,  N.  Y. 

:\rarshall,  C.  E.  D.,  Myers,  C.  H New  York  City 

Garden  City,  N.  Y". 

Marshall,  R.  A New  York  City   Neale,  J.  C Pittsburg,  Pa. 

Mason,  Francis.  ..New  York  City   Neely,  W.  R New  Paltz,  N.  Y. 

Matheson,  E.  G.  . .  .New  York  City  Neumeyer,  R.  E.  .  .Bethlehem,  Pa. 

Matheson,  J.  D.,  Newman,  A.  T.  ..  .New  York  City 

Winnipeg,  Man.,  Canada  Nichols,  C.  H.  .New  Plaven,  Conn. 

Mayell,  A.  J New  York  City   Noble,  Alfred New  York  City 

Mead,  C.  A. Upper  Montclair,  N.  J.   Noble,  F.  C Brooklyn,  N.  Y. 

Meadowcroft,  W.  .New  York  City  Norris,  W.  C Woodfords,  Me. 

Mehren,  E.  J New  York  City  North,  Edward  P.  .New  York  City 

Melius,  L.  L New  York  City  Norton,  A.  G.  .Middletown,  N.  Y^ 

Meriwether,  C New  York  City 

Merriman,  T New  York  City   Oakley,  G.  I Herkimer,  N.  Y. 

Merryman,  W.  C.  .New  York  City    Obreiter,  J.  W Hoboken,  N.  J. 

Metcalf,  L Boston,  Mass.   O'Brien,  J.  H New  Y^ork  City 

Middlebrook,  C.  T.  .Albany,  N.  Y.  Odell,  F.  S.  . .  .Port  Chester,  N.  Y. 

Miller,  H.  A.,  O'Donnell,  C.  J.  . .  .Walden,  N.  Y. 

Newton  Highlands,  Mass.  Oestreich,  H.  L..  .Brooklyn,  N,  Y, 
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Olmsted,  A.  E New  York  City   Porter,  J.  E Yonkers,  N.  Y. 

O'Eourke,  J.  F.  . .  .New  York  City  Post,  H.  W.  .Richmond  Hill,  N.  Y. 

Orrok,  G.  A Flatbush,  N.  Y.   Potter,  H.  L Brooklyn,  N.  Y. 

Osgood,  J.  O New  York  City  Pratt,  A.  H.  .White  Plains,  N.  Y. 

Ostrup,  J.  C New  York  City   Pratt,  H.  B Waltham,  Mass. 

Ott,  S.  J Hackeusack,  N.  J.  Preston,  C.  H.  . .  .Norwich,  Conn. 

Owens,  James Newark,  N.  J.  Preston,  C.  H.,  Jr., 

Owens,  K.  D Montclair,  N.  J.  Waterbury,  Conn. 

Oxhohn,  T.  S.,  Preston,  H.  W Elmira,  N.  Y. 

West  New  Brighton,  N.  Y.   Priest,  B.  B East  Orange,  N.  J. 

Prince,  A.  D New  York  City 

Paddock,  H.  C.  . .  .New  York  City   Pruyn,  F.  L New  York  City 

Paine,  H.  A Denton,  Md.   Purdy,  S.  M Brooklyn,  N.  Y. 

Parker,  C.  J New  York  City 

Parks,  C.  W. .  .Schenectady,  N.  Y.  Quimby,  H.  H.  .  .Philadelphia, Pa. 

Parlin,  R.  W.,  Quincy,  C.  F New  York  City 

North  Cambridge,  Mass. 

Parmley,  W.  C,  Rainbow,  J.  R New  York  City 

Upper  Monclair,  N.  J.  Ramser,  C.  E.  ..  .Brooklyn,  N.  Y. 

Parsons,  H.  A.  . .  .Stamford,  Conn.   Read,  R.  L Maiden,  Mass. 

Parsons,  H.  de  B.  .New  York  City   Reid,  H.  A New  York  City 

Payne,  W.  A New  York  City  Reimer,  A.  A. .  .East  Orange,  N.  J. 

Peabody,  W.  W.,  Reimer,  F.  A.  .  .East  Orange,  N.  J. 

White  Plains,  N.  Y.  Reynders,  J.  V.  W.  . .  Steelton,  Pa. 

Peck,  J.  G.  ..  .Cold  Spring,  N.  Y.  Reynolds,  J.  O., 

Pegram,  G.  H.  . .  .New  York  City  Richmond  Hill,  N.  Y. 

Pellissier,  G.  E.  .Jersey  City,  N.  J.   Rhodes,  F.  D New  York  City 

Pendlebury,  E Arlington,  N.  J.    Rice,  G.  S New  York  City 

Perkins,  P.  S.  ..  .Providence,  R.  I.  Richardson,  C.  ..  .New  York  City 

Perrine,  G New  York  City  Richardson,  T.  F.Brooklyn,  N.  Y. 

Perry,  C.  R Waltham,  Mass.  Richmond,  J.  P.  W.New  York  City 

Perry,  J.  P.  H.  ..  .New  York  City  Ridgway,  R.  . Poughkeepsie,  N.  Y. 

Pflueger,  A.  C New  York  City   Riegel,  R.  M Brooklyn,  N.  Y. 

Phelps,  E.  B New  York  City   Rights,  L.  D New  York  City 

Philips,  J.  H..  .Glen  Ridge,  N.  J.  Ripley,  H.  L.  .New  Haven,  Conn. 

Pike,  R.  A.  . . .  .Mt.  Vernon,  N.  Y.    Ripley,  J Albany,  N.  Y. 

Pistor,  G.  E.  J New  York  City   Robbins,  D.  W New  York  City 

Pitkethly,  D.  T. .  .Brooklyn,  N.  Y.   Robbins,  F.  H New  York  City 

Podewils,  O.  C.  J.  .New  York  City   Roberts,  H.  W New  York  City 

Pohl,  C.  A New  York  City  Roberts,  R.  F.  .New  Haven,  Conn. 

Polk,  W.  A Baltimore,  Md.    Robinson,  E.  F New  York  City 

Pollock,  CD New  York  City  Robinson,  G.  L.  . .  .New  York  City 

Pond,  H.  O Tenafly,  N.  J.  Rogers,  E.  H. West  Newton,  Mass. 

Poole,  C.  A New  York  City   Rogers,  H.  L New  York  City 

Porter,  H.  T Greenville,  Pa.    Rollins,  J.  W Boston,  Mass. 
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Ropes,  Horace. .  .Brookline,  Mass. 

Eowell,  G.  F Guild,  Tenn. 

Rowntree,  B Oradell,  N.  J. 

Ruddle,  J Mauch  Chunk,  Pa. 

Ryan,  M.  H New  York  City 

Ryder,  E.  M.  T.  ..New  York  City 

St.  John,  W.  S.  . .  .New  York  City 
Sanborn,  J.  F. .  .New  Paltz,  N.  Y. 
Saunders,  W.  L..  .New  York  City 
Sawtelle,  H.  F . .  Cambridge,  Mass. 

Sayers,  E.  L Yonkers,  N.  Y. 

Sayles,  R.  W New  York  City 

Schaeffer,  A.  L .  . .  .  New  York  City 
Schall,  F.  E.South  Bethlehem,  Pa. 
Schneider,  C.  C.  .Philadelphia  Pa. 

Schmid,  F.  R Bethlehem,  Pa. 

Schwiers,  F.  W.  ..New  York  City 
Seaman,  H.  B.  ..  .New  York  City 

Sears,  W.  H Plymouth,  Mass. 

Sehner,  W.  L.New  Brighton,  N.  Y. 
Senior,  F.  S.  .Montgomery,  N.  Y. 
Sergeant,  G.,  Jr.  .  .New  York  City 

Shailer,  R.  A Boston,  Mass. 

Shaw,  D.  J.  ..  .Chappaqua,  N.  Y. 

Shaw,  W.  T Brookline,  Mass. 

Sheffield,  E.  N.  .New  Haven,  Conn. 
Sherman,  A.  L., 

White  Plains,  N.  Y. 

Sherrerd,  J.  M Easton,  Pa. 

Shertzer,  T.  B Brooklyn,  N.  Y. 

Sickman,  A.  F .  . .  . Holyoke,  Mass. 

Simpson,  G New  York   City 

Simpson,  G.  F.  ..  .New  York  City 
Skinner,  F.  W.  ..  .New  York  City 
Skinner,  J.  F.  . .  .Rochester,  N.  Y. 

Slocum,  C.  L Jamaica,  N.  Y. 

Slocum,  H.  S New  York  City 

Small,  G Waltham,  Mass. 

Smith,  A Bayonne,  N.  J. 

Smith,  A.  0.  .Port  Jefferson,  N.  Y. 

Smith,  C.  E Brewster,  N.  Y 

Smith,  C.  H..  .Middletown,  N.  Y. 

Smith,  E.  G New  York  City 

Smith.  F.  V New  York  City 


Smith,  H.  S....Wilkes-Barre,Pa. 

Smith,  J.  W New  York  City 

Smith,  K.  G Newark,  N.  J. 

Smith,  L.  C.  L Astoria,  N.  Y. 

Smith,  L.  S Madison,  Wis. 

Smith  M.  H Kensico,  N.  Y. 

Smith,  W.  F Valhalla,  N.  Y. 

Smith,  W.  M., 

West  New  Brighton  N.  Y. 

Smith,  W.  T New  York  City 

Smoley,  C.  li Scranton,  Pa. 

Smoyer,  L.  I New  York  City 

Snow,  C.  H New  York  City 

Snow,  J.  P Boston,  Mass, 

Sorzano,  J.  F.  ..  .Brooklyn,  N.  Y. 

Sender,  H Cornwall,  Pa. 

Souther,  T.  W. .  .Newburgh,  N.  Y. 

Spear,  W.  E New  York  City 

Spelman,  J.  R., 

Rockville  Center,  N.  Y. 
Spencer,  W.  T.  .Waterbury,  Conn. 
Splitstone,  C.  H., 

East  Orange,  N.  J. 

Spofford,  C.  M Boston,  Mass. 

Sprague,  E.  L.,  Jr. Valhalla,  N.  Y. 

Stadel,  G.  H Stamford,   Conn. 

Stanton,  R.  B Now  York  City 

Stearns,  F.  L.  ..  .Scarsdale,  N.  Y. 

Stearns,  F.  P Boston,  Mass. 

Stearns,  R.  H New  York  City 

Steere,  A.  E.  . .  .Amsterdam,  N.  Y. 
Stehle,  F.  C.  ..Mt.  Vernon,  N.  Y. 

Stern,  E.  W New  York  City 

Stevens,  E.  W.  .Hackensack,  N.  J. 

Stevens,  H.  C New  York  City 

Stevens,  J.  C Portland,  Ore. 

Stevenson,  W.  F.  .New  York  City 
Stoddard,  G.  C.  . .  .New  York  City 

Stone,  W.  W Newburgh,  N.  Y. 

Stott,  H.  G...NewRochelle,N.Y. 

Stowe,  H.  C Brooklyn,  N.  Y. 

Stowitts,  G.  P New  York  City 

Strachan,  J Brooklyn,  N.  Y. 

Straohan,  R.  C, 

Richmond  Hill,  N.  Y. 
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Straub,  T.  A Pittsburg,  Pa. 

Strawn,  T.  C New  York  City 

Street,  L.  L Dorchester,  Mass. 

Strobel,  C.  L Chicago,  111. 

Strong,  M.  R New  York  City 

Strouse,  W.  F Baltimore,  Md. 

Stuart,  J.  T Philadelphia.  Pa. 

Sullivan,  J.  F.  ..  .New  York  City 

Swensson,  E Pittsburg,  Pa. 

Swensson,  O.  J., 

Yorktown  Heights,  N.  Y. 

Swezey,  E.  C Brooklyn,  N.  Y. 

Swindells,  J.  S.  .  .Brooklyn,  N.  Y. 

Taber,  G.  A iirooklyn,  N.  Y. 

Talbot,  A.  N Urbana,  111. 

Talbot,  Earle Yonkers,  N.  Y. 

Talbot,  F.  M New  York  City 

Tarr,  C.  W Brooklyn,  N.  Y. 

Taylor,  C.  F New  York  City 

Taylor,  L.  A.  ..  .Worcester,  Mass. 

Taylor,  S.  A Wilkinsburg,  Pa. 

Taylor,  W.  G Newark,  N.  J. 

Tenney,  W.  R Brooklyn,  N.  Y. 

Theban,  J.  G. .  .Baychester,  N.  Y. 
Thomas,  C.  D.  ..  .Brooklyn,  N.  Y. 

Thomas,  W.  E Jamaica,  N.  Y. 

Thomes,  E.  H Jamaica,  N.  Y. 

Thompson,  A.  W.  .Baltimore,  Md. 
Thompson,  S.  C. .  .New  York  City 
Thomson,  S.  F.  .New  Paltz,  N.  Y. 
Thomson,  T.  K.  . .  .Yonkers,  N.  Y. 
Thomson,  W.  B.Springfield,  Mass. 

Thomley,  J New  York  City 

Thrane,  M.  M Pittsfield,  Mass. 

Tidd,  A.  W. .  .White  Plains,  N.  Y. 

Tighe,  J.  L Holyoke,  Mass. 

Tillson,  G.  W.  . .  .Brooklyn,  N.  Y. 
Tingley,  R.  H.  . .  .New  York  City 
Tompkins,  E.  DeV.  .Pelham,  N.  Y. 
Tooker,  F.  W.  .East  Orange,  N.  J. 
Torrance,  W.  M., 

East  Orange,  N.  J. 
Townsend,  F.  E. .  .New  York  City 


Ti'autwine,  J.  C,  Jr., 

Philadelphia,  Pa. 

Triest,  W.  G New  York  City 

Trotter,  A.  W New  York  City 

Trout,  C.  E New  York  City 

Trow,  F.  H.  .Brown  Station,  N.  Y. 

True,  A.  O Albany,  N.  Y. 

Tucker,  W.  C. .  .Englewood,  N.  J. 

Tull,  R.  W New  York  City 

Turner,  D.  L New  York  City 

Turner,  E.  K Boston,  Mass. 

Tuttle,  A.  S New  York  City 

Tyler,  W.  R New  York  City 

Ulrich,  D Katonah,  N.  Y. 

Ungrich,  M,  J .  . .  .  New  York  City 

Van  Home,  J.  G.  .New  York  City 
Van  Home,  J.  R.  .New  York  City 
Vanneman,  C.  R.  . .  .Albany,  N.  Y. 
Van  Ness,  H.  E. Little  Falls,  N.  J. 
Van  Suetendael,  A.  O., 

Albany,  N.  Y. 

Van  Winkle,  E New  York  City 

Vernon,  S.  B Syracuse,  N.  Y. 

Verrill,  G.  E.  .New  Haven,  Conn. 

Vincent,  J.  1 New  York  City 

von  Leer,  I.  W.  . .  .Brooklyn,  N.  Y. 

Wachter,  C.  L.  ..  .New  York  City 
Wadsworth,  J.  E.  .New  York  City 
Wagner,  B.  M., 

Rockville,  Center,  N.  Y. 

Wagner,  H.  E Andover,  N.  J. 

Wagner,  J.  C.  . .  .Philadelphia,  Pa. 

Waite,  D.  C New  York  City 

Waite,  G.  B New  York  City 

Waldron.  S.  P.  ..  .New  York  City 
Walker,  E.  L.  .  .East  Orange,  N.  J. 
Walker,  J.  J. .  .Dobbs  Ferry,  N.  Y. 

Walters,  H.  R Bethlehem,  Pa. 

Walton,  H.  C....New  York  City 

Ward,  CD New  York  City 

Ward,  E.  A Newark,  N.  J. 
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Warren,  11.  A.... New  York  City  Wilson,   C.   W.   S., 

Wasser,  T.  J.  ..Jersey  City,  N.  J.  New  Rochelle,  N.  Y. 

Wiitkins,  F.  W..  Wilson,  H.  M Pittsburg,  Pa. 

White  I'hiins,  N.  Y.    Wilson,  T.  L Brooklyn,  N.  Y. 

Webster,  A.  I New  York  City   Wilson,  W.  T New  York  City 

Webster,  G.  S. .  .Philadelphia,  Pa.  Winsor,  F.  E.  .Wliite  Plains,  N.  Y. 

Wegmann,  K New  Y'^ork  Uity  Winsor,  H.  D.White  Plains,  N,  Y. 

Wells.  C.  K..  .White  Plains,  N.Y.  Wintermute,  F.  C, 

Weinlinger.  J.  K.  .New  Y'ork  City  Wilkes-Barre,  Pa. 

Wendt,  E.  F Pittsburg,  Pa.   Wise,  R.  S Passaic,  N.  J. 

Wcntworth,  G.  L.  .Y^'onkers,  N.  Y".  Witmer,   F.   P.  .East  Orange,  N.  J. 

Whinery,  S East  Orange,  N.  J.   Wolcott,  C.  S Newton,  N.  J. 

Whipple,  G.  C.  . .  .New  York  City  Wood,  G New  York  City 

Whiskeman,  J.  P.,  Wood,  H.  B Boston,  Mass. 

Mamaroneck,  N.  Y".  Wood,  R.  W. Port  Richmond.  N.  Y. 

White,  L High  Falls,  N.  Y.  Woodworth,  R.  B. .  .Pittsburg,  Pa. 

White,  W.  M New  Y^ork  City   Worcester,  J.  R Boston,  Mass. 

Whitmer,  D.  FT.  .Philadelphia,  Pa.  Wortendyke,  N.  D., 

Whitney,  F.  O Boston,  Mass.  Jersey  City,  N.  J. 

Wiggin,  T.  H Scarsdale,  N.  Y.  Wright,  J.  B. .  .Amsterdam,  N.  Y. 

Wilcock,  F Brooklyn,  N.  Y.  Wyckoff,  C.  R.,  Jr. Brooklyn,  N.  Y. 

Wilk(^,  J.  K.  .NewRochelle,  N.  Y".  Wyman,  A.  M.East  Orange,  N.  J. 

Wilkins,  W.  G Pittsburg,  Pa. 
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ANNOUNCEMENTS 

The  House  of  the  Society  is  open  from  9  A.  M.  to  10  P.  M., 
every  day,  except  Sundays,  Fourth  of  July,  Thanksgiving  Day,  and 

Christmas  Day. 

FUTURE    MEETINGS 

March  ist,  1911. — 8.30  P.  M. — At  this  meeting  a  paper  entitled 
"The  Pittsburgh  and  Lake  Erie  Railroad  Cantilever  Bridge  Over  the 
Ohio  River  at  Beaver,  Pa.,"  by  Albert  R.  Raymer,  M.  Am.  Soc.  C.  E., 
will  be  presented  for  discussion. 

This  paper  was  printed  in  Proceedings  for  January,  1911. 

March  15th,  1911. — 8.30  P.  M.— A  paper  by  Arnold  C.  Koenig, 
Assoc.  M.  Am.  Soc.  C.  E.,  entitled  "Dams  on  Sand  Foundations :  Some 
Principles  Involved  in  Their  Design,  and  the  Law  Governing  the 
Depth  of  Penetration  Required  for  Sheet-Piling,"  will  be  presented 
for  discussion. 

This  paper  was  printed  in  Proceedings  for  January,  1911. 

April  5th,  1911 — 8.30  P.  M.— At  this  meeting  a  paper  by  Leonard 
Metcalf  and  John  W.  Alvord,  Members,  Am.  Soc.  C.  E.,  entitled  "The 
Going  Value  of  Water- Works,"  will  be  presented  for  discussion. 

This  paper  is  printed  in  this  number  of  Proceedings. 

April  19th,  1911.— 8.30  P.  M.— A  paper  by  James  E.  Howard,  Esq., 
entitled  "Some  Tests  of  Large  Steel  Columns,"  will  be  presented  for 
discussion. 

This  paper  is  printed  in  this  number  of  Proceedings. 

SEARCHES   IN   THE   LIBRARY 

In  January,  1902,  the  Secretary  was  authorized  to  make  searches 
in  the  Library,  upon  request,  and  to  charge  therefor  the  actual  cost  to 
the  Society  for  the  extra  work  required.  Since  that  time  many  searches 
have  been  made,  and  bibliographies  and  other  information  on  special 
subjects  furnished. 

The  resulting  satisfaction,  to  the  members,  who  have  made  use  of 
the  resources  of  the  Society  in  this  manner,  has  been  expressed  fre- 
quently, and  leaves  little  doubt  that,  if  it  were  generally  known  to  the 
membership  that  such  work  would  be  undertaken,  many  would  avail 
themselves  of  it. 

The  cost  is  trifling  compared  with  the  value  of  the  time  of  an 
engineer  who  looks  up  siich  matters  himself,  and  the  work  can  be 
performed  quite  as  well,  and  much  more  quickly,  by  persons  familiar 
with  the  Library. 

In  asking  that  such  work  be  undertaken,  members  should  specify 
clearly  the  subject  to  be  covered,  and  whether  references  to  general 
books  only  are  desired,  or  whether  a  complete  bibliography,  involving 
search  through  periodical  literature,  is  desired. 

In  reference  to  this  work,  the  Appendices*  to  the  Annual  Reports 

*  Proceeding.i,  Vol.  XXXIII,  p.  20  (.Tanuary,  1907);  Vol.  XXXVII,  p.  28  (January,  1911). 
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of  the  Board  of  Direction  for  the  years  ending  December  31st,  1906, 
and  December  31st,  1910,  contain  summaries  of  all  searches  made 
to  date. 

PAPERS  AND  DISCUSSIONS 

Members  and  others  who  take  part  in  the  oral  discussion  of  the 
papers  presented  are  urged  to  revise  their  remarks  promptly.  Written 
communications  from  those  who  cannot  attend  the  meetings  should  be 
sent  in  at  the  earliest  possible  date  after  the  issue  of  a  paper  in 
Proceedings.  The  issue  of  volumes  of  Transactions  is  dependent  on 
tlie  closing  of  discussions,  and  the  co-operation  of  the  membership  in 
this  matter  is  essential  to  the  regular  issue  of  each  quarterly  volume. 

All  papers  accepted  by  the  Publication  Committee  are  classified 
by  the  Committee  with  respect  to  their  availability  for  discussion  at 
meetings. 

Papers  which,  from  their  general  nature,  appear  to  be  of  a  charac- 
ter suitable  for  oral  discussion,  will  be  published  as  heretofore  in 
Proceedings,  and  set  down  for  presentation  to  a  future  meeting  of  the 
Society,  and,  on  these,  oral  discussions,  as  well  as  written  communica- 
tions, will  be  solicited. 

All  papers  which  do  not  come  under  this  heading,  that  is  to  say, 
those  which,  from  their  mathematical  or  technical  nature,  in  the 
opinion  of  the  Committee,  are  not  adapted  to  oral  discussion,  will  not 
be  scheduled  for  presentation  to  any  meeting.  Such  papers  will  be 
published  in  Proceedings  in  the  same  manner  as  those  which  are  to 
be  presented  at  meetings,  but  written  discussions,  only,  will  be  re- 
quested for  subsequent  publication  in  Proceedings  and  with  the  paper 
in  the  volumes  of  Transactions. 

SUBSCRIPTION  PRICE  TO  THE  PUBLICATIONS  OF  THE  SOCIETY 

The  following  subscription  rates  have  been  fixed  by  the  Board  of 
Direction  for  the  publications  of  the  Society: 

Proceedings,  ten  Numbers  per  annum,  $S.  Price  for  single 
numbers,  $1. 

Transactions,  four  Volumes  per  annum,  $12.  Price  for  single 
volumes,  $4. 

On  the  above  prices  there  is  a  discount  of  25%  to  members  who 
desire  extra  copies  of  any  of  these  publications,  to  Libraries,  and  to 
Book-dealers. 

There  is  also  an  additional  charge  per  annum,  to  cover  foreign 
postage,  of  75  cents  for  Proceedings  and  $1  for  Transactions,  or  8  cents 
and  25  cents,  respectively,  for  single  numbers. 

A  special  subscription  rate  has  been  fixed  by  the  Board  for  the 
Proceedings  of  the  Society  for  the  benefit  of  Students  in  Technical 
Schools.  This  rate  is  $4.50  per  annum,  and  is  available  to  any  bona 
fide  student  of  any  technical  school. 
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LOCAL  ASSOCIATIONS  OF  MEMBERS  OF  THE  AMERICAN 

SOCIETY  OF  CIVIL  ENGINEERS 

San  Francisco  Association 

The  San  Francisco  Association  of  Members  of  the  American  Society 
of  Civil  Engineers  holds  regular  bi-monthly  meetings,  with  banquet, 
and  weekly  informal  luncheons.  The  former  are  held  at  6  p.  m.,  at  the 
Palace  Hotel,  on  the  third  Friday  of  February,  April,  June,  August, 
October,  November,  and  December,  the  last  being  the  Annual  Meeting 
of  the  Association. 

Informal  luncheons  are  held  at  12.15  p.  M.  every  Wednesday,  and 
the  place  of  meeting  may  be  ascertained  by  communicating  with  the 
Secretary  of  the  Association,  E.  T.  Thurston,  Jr.,  Assoc.  M.  Am.  Soc. 
C.  E.,  713  Mechanics'  Institute,  57  Post  Street. 

The  by-laws  of  the  Association  provide  for  the  extension  of  hospi- 
tality to  any  members  of  the  Society  who  may  be  temporarily  in  San 
Francisco,  and  any  such  member  will  be  gladly  welcomed  as  a  guest 
of  the  Association  at  any  of  the  above  meetings,  if  he  will  notify  the 
Secretary  that  he  is  in  San  Francisco. 

Colorado  Association 

The  meetings  of  the  Colorado  Association  of  Members  of  the 
American  Society  of  Civil  Engineers  are  held  on  the  second  Saturday 
of  each  month  except  July  and  August.  The  hour  and  place  of 
meeting  are  not  fixed,  but  this  information  will  be  furnished  on 
application  to  the  Secretary,  H.  J.  Burt,  M.  Am.  Soc.  C.  E.,  1218  First 
National  Bank  Building,  Denver,  Colo.  The  meetings  are  usually 
preceded  by  an  informal  dinner. 

Weekly  luncheons  are  held  on  Wednesdays,  and  until  further  notice, 
will  take  place  at  The  Colorado  Traffic  Club. 

Visiting  members  are  urged  to  attend  the  meetings  and  luncheons. 

PRIVILEGES  OF  ENGINEERING  SOCIETIES 

EXTENDED  TO  MEMBERS  OF  THE 
AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS 

Members  of  the  American  Society  of  Civil  Engineers  will  be  wel- 
comed by  the  following  Engineering  Societies,  both  to  the  use  of  their 
Reading  Rooms  and  at  all  Meetings: 

American  Institute  of  Mining  Engineers,  29  West  Thirty-ninth  Street, 

New  York  City. 
Architekten=Verein    zu     Berlin,  Wilhelmstrasse  92,  Berlin   W.  66, 

Germany. 
Associacao  dos  Engenheiros  Civis  Portuguezes,  Lisbon,  Portugal. 
Australasian    institute  of  Mining  Engineers,  Melbourne,  Victoria, 

Australia. 
Boston  Society  of  Civil  Engineers,    715   Tremont   Temple,  Boston, 

Mass. 
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Brooklyn    Engineers'  Club,  117  llemsen  Street,  Brooklyn,  N.  Y. 

Canadian  Society  of  Civil  Engineers,  413  Dorchester  Street,  West, 
Montreal,  Que.,  Canada. 

Civil    Engineers'  Society  of  St.  Paul,  St.  Paul,  Minn. 

Cleveland  Engineering  Society,  718  Caxton  Building,  Cleveland, 
Ohio. 

Cleveland  Institute  of  Engineers,  Middlesh rough,  England. 

Colorado  Association  of  Members,  Am.  Soc.  C.  E.,  H.  J.  Burt, 
Sec-y.,  1'21S  First  National  liank  Building,  Denver,  Colo. 

Engineers'  and  Architects'  Club  of  Louisville,  Ky.,  303  Norton 
Building,  Fourth  and  Jefferson  Streets,  Louisville,  Ky. 

Engineers'  Club  of  Baltimore,  Baltimore,  Md. 

Engineers'  Club  of  Minneapolis,  17  South  Sixth  Street,  Minneapolis, 
Minn. 

Engineers'  Club  of  Philadelphia,  1317  Spruce  Street,  Philadelphia,  Pa. 

Engineers'  Club  of  St.  Louis,  3817  Olive  Street,  St.  Louis,  Mo. 

Engineers'  Club  of  Toronto,  96  King  Street,  West,  Toronto,  Ont., 
Canada. 

Engineers'  Society  of  Pennsylvania,  219  Market  Street,  Harrisburg, 
Pa. 

Engineers'  Society  of  Western  Pennsylvania,  2511  Oliver  Building, 
Pitts1)urg,  Pa. 

Institute  of  Marine  Engineers,  58  Komford  Road,  Stratford,  Lon- 
don, E.,  England. 

Institution  of  Engineers  of  the  River  Plate,  Buenos  Aires,  Ar- 
gentine Re])ublic. 

Institution  of  Naval  Architects,  5  Adelphi  Terrace,  London, 
W.  C,  England. 

Junior  Institution  of  Engineers,  39  Victoria  Street,  Westminster, 
8.  W.,  London,  England. 

Koninklijk    Instituut  van  Ingenieurs,  The  Hague,  The  Netherlands. 

Louisiana  Engineering  Society,  321  Hibernia  Bank  Building,  New 
Orleans,  La. 

Memphis  Engineering  Society,  Memphis,  Tenn. 

Midland  Institute  of  Mining,  Civil  and  Mechanical  Engineers, 
Sheflield,  England. 

Montana  Society  of  Engineers,  Butte,  Montana. 

North  of  England  Institute  of  Mining  and  Mechanical  Engineers, 
Newcastle-upon-Tyne,  England. 

Oesterreichischer  Ingenieur-  und  Architekten-Verein,  Eschen- 
bachgasse  9,  Vienna,  Austria. 

Pacific  Northwest  Society  of  Engineers,  803  Central  Building,  Seat- 
tle, Wash. 
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Rochester  Engineering  Society,  Kochester,  N.  Y. 

Sachsischer  Ingenieur=  und  Architekten=Verein,  Dresden,  Germany. 

Sociedad  Colombiana  de  Ingenieros,  Bogota,  Colombia. 

Sociedad  de  Ingenieros  del  Peru,  Lima,  Peru. 

Societe  des    Ingenieurs    Civils  de  France,  19    Rue    Blanche,  Paris, 

France. 
Society  of    Engineers,    17    Victoria    Street,    Westminster,    S.    W., 

London,  England. 
Svenska     Teknologforeningen,    Brunkebergstorg      18,     Stockholm, 

Svveden. 
Tekniske  Forening,  Vestre  Boulevard  18-1,  Copenhagen,  Denmark. 
Western  Society  of  Engineers,  1737  Monadnock  Block,  Chicago,  111. 
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ACCESSIONS  TO  THE  LIBRARY 

(From  January  lOtli  to  February  Gtli,  1911) 

DONATIONS  * 
THEORY  AND  PRACTICE  OF  MODERN  FRAMED  STRUCTURES. 

Designed  for  the  Use  of  Schools  and  for  Engineers  in  Professional 
Tract  ice.  By  the  late  J.  B.  Johnson,  M.  Am.  Soc.  C.  E.,  C.  W. 
Bryan,  M.  Am.  Soc.  C.  E.,  and  F.  E.  Turneaure,  Assoc.  M.  Am.  Soc. 
C.  E.  In  Three  Parts.  Part  11. — Statically  Indeterminate  Structures 
and  Secondary  Stresses.  Ninth  Edition,  Rewritten.  Cloth,  9^  x  6  in., 
illus.,  1(3  +  530  pp.  New  York,  John  Wiley  &  Sons;  London,  Chapman 
&  Hall,  Limited,  1911.  $1.00  (Donated  by  the  Authors  and  the  Pub- 
lishers.) 

As  stated  in  the  preface  the  revision  of  the  present  edition  of  the  work  has  been 
greatly  extended  in  scope  and  this  part  has  been  entirely  rewritten,  the  analysis  has 
betn  much  more  complete,  and  two  chapters  have  been  added.  The  authors  assert 
that  the  present  volume,  Part  II,  treats  of  structures  which  are  statically  inde- 
terminate, but  it  also  includes  the  analysis  of  cantilever  bridges,  which  is  generally 
a  statically  determinate  problem.  In  Chapter  V  the  authors  have  given  a  great  deal 
of  space  to  the  treatment  of  the  suspension  bridge.  The  Chapter  Headings  are  :  Con- 
tinuous Girders;  Swing  Bridges;  Cantilever  Bridges;  Arch  Bridges;  Suspension 
Bridges;  Miscellaneous  Problems  in  Statically  Indeterminate  Structures;  Secondary 
Stresses  ;  Index. 

AMERICAN  CIVIL  ENGINEERS'  POCKET  BOOK. 

By  Mansfield  Merriman,  M.  Am.  Soc.  C.  E.,  Editor-in-Chief; 
Messrs.  Ira  O.  Baker,  Charles  B.  Breed,  Walter  J.  Douglas,  Louis  A. 
Fischer,  Allen  Hazen,  Frank  P.  McKibben,  Edward  R.  Maurer,  Rudolph 
P.  Miller,  Alfred  Noble,  Frederick  E.  Turneaure,  Walter  Loring  Webb, 
Gardner  S.  Williams,  Associate  Editors.  Leather,  7^  x  4^  in.,  illus., 
8  +  1  380  pp.  New  York,  John  Wiley  &  Sons ;  London,  Chapman  & 
Hall,  Limited,  1911.     $5.00. 

This  work  is  stated  by  the  editor  to  be  on  a  higher  plane  than  former  American 
pocket  books,  and  is  considered  much  better  in  respect  to  practical  subjects.  The 
thirteen  sections  of  the  book  contain  75  chapters,  620  articles,  495  tables,  and 
9-14  numbered  figures  which  are  equivalent  to  about  1  200  ordinary  cuts,  since 
in  many  cases  several  similar  figures  are  grouped  together.  The  number  of  tables 
Is  so  large  that  they  are  omitted  in  the  table  of  contents,  but  references  to  all 
will  be  found  in  the  index.  Section  1  gives  tables  for  approximate  mathematical 
computations;  Sections  2  to  11,  inclusive,  deal  with  civil  engineering  proper;  and 
Sections  12  and  13  treat  of  mathematics,  mechanics,  physics,  meteorology,  and 
weights  and  measures.  The  Contents  are  :  Mathematical  Tables,  by  Mansfield  Merri- 
man ;  Surveying,  Geodesy,  Railroad  Location,  by  Charles  B.  Breed  ;  Roads  and 
Railroads,  by  Walter  Loring  Webb ;  Materials  of  Construction,  by  Rudolph  P. 
Miller ;  Plain  and  Reinforced  Concrete,  by  Frederick  E.  Turneaure ;  Masonry, 
Foundations,  Earthwork,  by  Ira  O.  Baker :  Masonry  and  Timber  Structures,  by 
Walter  J.  Douglas  ;  Steel  Structures,  by  Frank  P.  McKibben  ;  Hydraulics,  Pumping, 
Water  Power,  by  Gardner  S.  Williams  ;  Water  Supply,  Sewerage,  Irrigation,  by  Allen 
Hazen  ;  Dams,  Aqueducts,  Canals,  Shafts,  Tunnels,  by  Alfred  Noble  and  Silas  H. 
Woodard  ;  Mathematics  and  Mechanics,  by  Edward  R.  Maurer  ;  Physics,  Meteorology, 
Weights  and  Measures,  by  Louis  A.  Fischer  ;  Index,  by  Clinton  L.  Bogert. 

STEAM  TURBINES. 

Tlieir  De^ifJn  and  Construction.  By  Rankin  Kennedy.  Cloth, 
8?  X  5i  in.,  illus.,  104  pp.  New  York,  The  Macmillan  Company; 
London.  Whittaker  &  Co.     1910.     $1.25. 

The  author  states  that  this  is  a  small  work  designed  for  the  use  of  engineers 
and  students  who  desire  to  obtain  afi  insight  into  the  methods  whereby  the  prin- 
cipal dimensions  of  steam  turbines  are  calculated,  referring  to  first  principles. 
Formulas  are  given  with  worked  examples.  The  author's  aim  has  been  to  provide 
a  simple  system  of  introduction  to  the  design  and  construction  of  the  steam  turbine, 

♦  Unless  otherwii^e  specified,  books  in  this  list  have  been  donated  by  the  publishers 
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omitting  more  intricate  problems  which  are  fully  treated  in  larger  works.  The 
leading  features  of  turbine  construction  are  stated  to  be  shown  and  fully  illustrated. 
The  Contents  are :  Theoretical,  Mechanical  and  Physical ;  Elementary  Turbines ; 
Turbine  Wheels  in  Series;  Calculating  the  Principal  Dimensions;  The  Construc- 
tion   of   Turbine   Wheels ;    Index. 


Gifts  have  also  been  received  from  the  following 
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BY  PURCHASE 

Brooklyn  Daily  Eagle  Almanac,  1911.  A  Book  of  Information, 
General  of  the  World,  and  Special  of  N^ew  York  City  and  Long  Island. 
Eagle  Building,  Brooklyn,  New  York  City. 

Mitteilungen  uber  Porschungsarbeiten  auf  dem  Gebiete  des  Inge- 
nieurwesens,  insbesondere  ans  den  Laboratorien  der  technischen  Hoch- 
schulen,  herausgegeben  vom  Yerein  deutscher  Ingenieure.  Hefte  95-96. 
Julius  Springer,  Berlin,  1910. 

SUiVlMARY  OF  ACCESSIONS 

(From  .lanuaiy  10th  to  February  6th,  1911) 

Donations  (including  4  duplicates) 218 

By  purchase 2 

Total 220 
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ADDITIONS 

(From    January    10th     to    February    7tli,    1!>11) 

HONORARY     MEMBER  Date  of 

Membership. 
Whittemobe,  Don  Juan.   ( Past- President) .   Cons,  f 

Engr.,  C,  M.  &  St.  P.  Ilv.  Co.,  222  BiddleJ   ^^-  '^"'^     ^^'  ^^^^ 

St.,  Milwaukee,   Wis.  .  .  ." ««"•  ^-     J^""       ^'  ^^^^ 


Archibald,  Wauken  Martin.     Engr.,  M.  of  \V.,  )  Assoc.  M.  May  2,  1906 

Houston  Elec.  Co.,  Houston,  Tex \  M.  Jan.  3,  1911 

BUDD,  Robert  Dunn.     City  Engr.,  Petersburg,   Va Oct.  4,  1910 

Butcher,  William  Laramy.     2  Avon  St.,  Cam-  f  Assoc.  M.  May  4,  1904 

bridge,  Mass |  M.  Jan.  3,   1911 

Delano,  Harry  Clark.     Chf.  of  Div.  of  Port  Works,  Bu- 
reau of  Nav.,  Philippine  Islands,  Manihi,  Pliilip])ine 

Islands Jan.  3,  1911 

Eckart,   Nelson    Andrew.     Res.   Engr.,   Snow  ) 

Mountain    Water    &    Power    Co.,    3014  [  ^^'°'-  ^-  ^2'  I'  Jlln 

Clay  St.,  San  Francisco,  Cal ;      '                        '  '     ' 

Haight,  Horace  De  Remer.     Engr.  for  Thos.   j 

Prosser  &   Son,   15   Gold   St.,   New  York      ■^""-  ^^^  ^'  ^^^^ 

Citv    (Res.,    1008   St.  Johns  PL,  Brook-      ^^^"^-  ^^-  ^'^-  ^'  ^^^^ 

'                                                                            M.  Jan.  31,   1911 

Feb.  7,  1906 

Jan.  3,   1911 


lyn,  N.  Y.) 

/  Assoc.  M.  Feb.  7,  1906 

Heckle,  George  Rogebs.     Oella,  Md >  ^^ 

Hinderlider,  Michael  Creed.     435  Century  Bldg.,  Denver, 

Colo Jan.  3,  1911 

Kimball,  W^illiam  Hale.     712  Putnam  Bldg.,  )  Assoc.  M.  April     1,  1903 

Davenport,  Iowa I  M.  Jan.  31,  1911 

McClure,  John  Clarendon.     Engr.,  M.  of  W.,  )  Assoc.  M.  Feb.  6,  1895 

Arizona  Eastern  R.  R.,  Tucson,  Ariz.  ...  >  M.  Jan.  3,  1911 

Manchester,  Ernest  James  Theodore.     Pres.,  )   .           ,,  ,.^  „    ,^^r- 

TTT   ,         o        1            J     CI                    T>       J    f  Assoc.  M.  May  3,   1905 

\\ater     Supply     and     Sewerage     Board,  ^  ^  ^J 

Brisbane,    Australia j 

IloBiNsoN,  John  Mason.     Prin.  Asst.  Engr.,  Madeira-Ma- 

mor6  Ry.,  Box  304,  Manaos,  Brazil Nov.  1,  1910 

Thompson,      Robert      Andrew.     Chf.      Engr.,  ^   Jun.  April  6,  1897 

Wichita     Falls     &     Northwestern     Ry.,  |  Assoc.  M.  Oct.  4,  1899 

Wichita  Falls,  Tex 5  M.  Jan.  3,1911 

Vaughan,  Louis    Bertrand.     172     Downs    St.,     Kingston, 

N.  Y Jan.  31,1911 

Wells,     George     Miller.     Office     Engr.,     At-  ^   Assoc.  M.  Oct.  3,  1906 

lantic  Div.,  Gatun,  Canal  Zone,  Panama.  \  M.  Jan.  3,   1911 
Wolfe,    Frank    Charles.     1319    Linden    Ave.,    Baltimore, 

Md Jan.  31,1911 
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Allen,  Jean  March.     Box  228,  St.  Johnsville,  N.  Y Jan.     31,  1911 

Allen,  Walter  Henry.     Municipal    and  San.  Engr.,  Che- 

halis,    Wash Jan.       3,  1911 

Aybes,  John  Henry.     Supt.  of  Water  Supply  and  Sewers, 

City  Engr.'s  Office,  Manila,  Philippine  Islands Nov.       1,  1910 

Bbunnier,    Henry    John.     Cons.    Engr.,    671    Monadnock 

Bldg.,  San  Francisco,  Cal Jan.       3,  1911 

Chiba,    Toshitomo.     Care,    Mr.    Narisawa,    5  )    ^  ,;r  o^     ,^/no 

v.,    ■•        ,        „     ^1              T,Ti      1      u^^       t  Jun.  Mar.  31,  1908 

Kitaiimacho     2     Chome,     Nihonbashiku,  >.            ,,  ^     ^  „,„,„ 

^  ,          ^                                                              \  Assoc.  M.  Sept.  6,   1910 

Tokyo,  Japan ; 

Collar,  William  Franklin.     Supt.,  The  Foun-  i    Jun.  April  6,  1909 

dation  Co.,  Negaunee,  Mich i   Assoc.  M.  Jan.  3,  1911 

Cook,  Paul  Darwin.     701  Pierce  St.,  Sioux  City,  Iowa Jan.  31,  1911 

Crow,  Edward.     Eng.  School,  Wanganui,  New  ^    Jun.  Oct.  3,  1905 

Zealand (  Assoc.  M.  June  30,  1910 

Ewald,  Robert  Franklin.     Asst.  Engr.,  U.  S.  Reclamation 

Service,  Provo,   Utah Jan.  3,  1911 

Ferguson,     Lewis     Repp.     Prof,     of     Math.,  \ 

Temple  Univ.;    Cons.   Engr.,    1330   Land  }  ^''°-      ,^      f'^'    t'  Z,\ 
n,.,,     Tj,,       T>u-i   J  1   1  •      T5  N  Assoc.  M.     Jan.     31,  1911 

Title  Bldg.,  Philadelphia,  Pa ; 

Goodwin,    Irving    Dean.     With    Des    Moines  ^  n  *?    ion? 

Bridge  &   Iron  Works,   1213  Eighth  St.,  (  'l'^'^-     ^^  ^^°-  ^'  J^"^ 

■^      X.  ■         ^  C  Assoc.  M.  Jan.  3,  1911 

Des  Moines,  Iowa ) 

Griffin,  John  Alexander.     Asst.  Engr.,  Southern  R.  R., 

300  Eleventh   St.,   Lynchburg,  Va Jan.       3,  1911 

Harley,  George  Foster.     Res.  Engr.,  J.  G.  White  &  Co.  of 

New  York,  Jackson,  Ga Jan.       3,  1911 

Harper,      Sinclair     Ollason.     Asst.      Engr.,  ,    ^  ,^  „,    ,^^„ 

-'          _     ,         ,.        e       •        r^       J    T  i  Jun.  Mar.  31,  1908 

U.  S.  Reclamation  Service,  Grand  June-  (    ,            ,,  ^  „    ,„,, 

^.         „  ,  (  Assoc.  M.  Jan.  3,  1911 

tion,  Colo 5 

Healy,  John  Paul.     Prin.  Asst.  Insp.  of  Bldgs.,  Dist.  of 

Columbia,  Washington,  D.  C Dec.       6,  1910 

Lincoln,  Levi  Bates.     Locating  Engr.,  Bangor  &  Aroostook 

R.  R.,  Houlton,  Me Jan.       3,  1911 

McLachlan,   Duncan    William.     Dept.    of   Railways    and 

Canals,    Ottawa,    Ont.,    Canada Dec.       6,  1910 

Manning,   James   Henry.     Supt.,   Stone   &    Webster    Eng. 

Corporation,   Room   314,    Odd    Fellows   Bldg.,    Reno, 

Nev 

Metzger,  Fritz  Louis.     Civ.  Engr.,  Cummings   )  Jun. 

Structural  Concrete  Co.,  Pittsburg,  Pa.     )  Assoc.  M. 
Miller,  Lee  Haun.    Care,  Bethlehem  Steel  Co.,  1264  Ontario 

St.,  Cleveland,  Ohio Jan.     31,  1911 

P.\GET,    Charles   Souders.     Archt.   and   Engr.    (Purnell   & 

Paget) ,  Thomeen,  Canton,  China Nov.       1,  1910 


Jan. 

3, 

1911 

Feb. 

6, 

1906 

Jan. 

31, 

1911 
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Peters,  John  Marvin.     Asst.  Engr.,  Mo.  Pac.  ^ 

Iron  Mountain  System  (Res.,  5143  Maple  /•       "'        ,      ^^  ' 

.       ,     „i.    T      •      TIT  \  Assoc.  M.     Nov.       1,  1910 

Ave. ) ,  St.  Louis,  Mo j 

PmixiPS,  John  Carleton.     U.  S.  Junior  Engr.,  Fort  Flag- 
ler,   Wash Jan.       3,  1911 

Pike,    Ealpii    Ashur.     Designer,    Public    Ser-  \  ,   ^ 

/-.              lo-   XT    XT-   1    oi     Tvri    AT       f  Jun.  Mar.      6,  1900 

vice  Comm.,   12/    N.  High  St.,  Mt.  \  er-  V  '     „,, 

■.J    ^                        t.          '                     c  Aggoc  M.     Jan.     31,  1911 

non,  JN.Y ; 

Quirk,  James  Francis.     Asst.  Engr.,  New  York  Board  of 

Water  Supply,  Brown  Station,  N.  Y Jan.       3,  1911 

Haider,  Harry  Adam.     Res.  Engr.,  Kwong  Tung  Yueh-han 

Ry.  Co.,  Care,  Am.  Consulate,   Canton,  China Nov.       1,  1910 

Robertson,     Avaxon     Graves.     Asst.     Engr.,  i  „  „ 

/M  •     I       T>         TT  -^  A      T?     -4.      n      (  Ji™.  Oct.       6,  1908 

Changuinola     Ry.,     United      Fruit      Co.,  > 

Tj           ,  ,  rr         „  \  Assoc.  M.     Jan.       3,  1911 

Bocas  del  Toro,  Panama ; 

Ryon,  Henry.     MorristoAvn,  N.  J Jan.  31,  1911 

Seaver,  Clifford.     Asst.  Engr.  Designer,  Board  of  Water 

Supply,  165  Broadway,  New  York  City Dec.  G,  1910 

Spaulding,    Frank   Alger.     27    Pomeroy    Ave.,    Pittsfield, 

Mass Jan.  31,  1911 

Williams,  Maurice.     Barge  Canal  Office,  Frankfort,  N.  Y.  Jan.  31,  1911 


Bartholomew,    Tracy.     Mgr.,    Western    Cement    Products 

Co.,  508  Ideal  BIdg.,  Denver,   Colo Jan.       3,  1911 

Bryan,  George,  Jr.     With  Bridge  Dept.,  C.  &  N.  W.  Ry. 

Co.,  1125  Morse  Ave.,  Chicago,  III Jan. 

Hamilton,  William  Edward.  U.  S.  Insp.,  Pennington,  Ala.  Jan. 
Helling,  Harry   Albebtus.     Y.   M.   C.   A.   BIdg.,   Pough- 

keepsie,  N.  Y Jan. 

Hickok,  Clifton  Ewing.  1040  E.  Main  St.,  Portland,  Ore.  Dec. 
Hoeft,  George  Eliot.  40  Jackson  St.,  New  Rochelle,  N.  Y.  Jan. 
Leete,    Robert    Burt.     Draftsman,    Canadian    Bridge    Co., 

Walkerville,    Ont.,    Canada;     Res.,    641     Cass    Ave., 

Detroit,  Mich Jan. 

Maglott,    George    Frederick.     3932    Lake    Ave.,    Chicago, 

111 Oct. 

Malmros,  Nlls  Lorentz  Alfred.     Ill  First  St.,  Yonkers, 

N.   Y Jan. 

MuiR,  Alexander  Wicliffe.     156  Main  St.,  Newton,  N.  J.  .     Jan. 

Xawn,  Hugh.     43  Brunswick  St.,  Roxbury,  Mass Jan. 

PooRE,   Herbert    Carleton.     73    Central    Ave.,    Wollaston, 

Mass Jan. 

Price,  Donald  Douglas.     Asst.  State  Engr.  of  Nebraska, 

State  House,  Lincoln,  Nebr Sept. 


3, 

1911 

3, 

1911 

3, 

1911 

6, 

1910 

31, 

1911 

3, 

1911 

4, 

1910 

31, 

1911 

3, 

1911 

31, 

1911 

31, 

1911 

6, 

1910 

140                              MEMBERSHIP — ADDITIONS — DEATHS  [Society 

JUNIORS    (Continued.)  ,.^^^^°t- 

^  Membership. 

Smyth,  Arthur  Porter.     Surveyman,   U.  S.   Reclamation 

Service,    Huntley,    Mont Jan.       3,1911 

TiNGLEY,  Francis.     With  Am.  Pipe  &  Constr.   Co.,  P.  O. 

Box  596,   Walden,  N.   Y Jan.       3,  1911 

Warrack,  James  Baldwin.     Asst.  Supt.  of  Constr.,  Ore.  & 

Wash.  K  R.,  1310  Yesler  Way,  Seattle,  Wash Jan.       3,  1911 


DEATHS 

Fanning,  John  Thomas.  (Vice-President.)  Elected  Member,  August  7th, 
1872;   died  February  6th,  1911. 

Hawes,  Louis  Edwin.  Elected  Associate  Member,  September  2d,  1896; 
died  January  29th,  1911. 

Howe,  Horace  Joseph.  Elected  Junior,  May  2d,  1888;  Member,  March 
2d,  1898;  died  January  21st,  1911. 

King,  Charles  Cyrus.  Elected  Member,  September  2d,  1891;  died  January 
13tli,   1911. 

Lee,  George  William.  Elected  Junior,  March  4th,  1902;  Associate  Mem- 
ber, January  2d,   1907;   died  January  6th,   1911. 

McLaughlin,  John  Joseph.  Elected  Member,  November  1st,  1893;  died 
January  19th,   1911. 

Roberts,  Evelyn  Pierrepont.  Elected  Member,  May  7th,  1884;  died  De- 
cember  30th,   1910. 

Schwitzer,  John  Edward.  Elected  Member,  July  10th,  1907;  died  January 
23d,    1911. 

Seaver,  John  Wright.  Elected  Member,  November  6th,  1901;  died  Jan- 
uary 14th,   1911. 

Total  Membership  of  the  Society,  February  7th,  1911, 

5848. 


Afrairs. 
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MONTHLY    LIST  OF    RECENT   ENGINEERING    ARTICLES   OF 

INTEREST 

(January  9th  to  February  3d,   1911) 

Note. — This  list  is  published  for  the  purpose  of  placing  before  the 
members  of  the  Society  the  titles  of  current  engineering  articles, 
which  can  be  referred  to  in  any  available  engineering  library,  or  can  be 
procured  by  addressing  the  publication  directly,  the  address  and  price 
being  given  wherever  possible. 

LIST   OF  PUBLICATIONS 

In  the  subjoined  list  of  articles,  references  are  given  by  the  number 
prefixed  to  each  journal  in  this  list: 


(1 

(2 

(3 
(4 
(5 
(6 

(8 

(9 

(10 

(tl 

(12 

(13 

(14 

(15 

(16 

(17 

(18 

(19 

(20 
(21 

(22 

(23 

(24 

(25 

(26 

(27 


Journal,  Assoc.  Eng.  Soc.  31 
Milk    St.,    Boston,    Mass.,    30c. 

Proceedinas.  Engrs.  Club  of  Phila.. 
1317  Spruce  St.,  Philadelphia, 
Pa. 

Journal,  Franklin  Inst.,  Philadel- 
phia,   Pa.,    50c. 

Journal,  Western  Soc.  of  Engrs., 
Monadnock  Blk.,   Chicago,    111. 

Transactions,  Can.  Soc.  C.  E., 
Montreal,    Que.,    Canada. 

School  of  Mines  Quarterly,  Co- 
lumbia Univ.,  New  York  City, 
50c. 

Stevens  Institute  Indicator,  Stevens 
Inst.,   Hoboken,   N.   J.,   50c. 

Engineering  Magazine,  New  York 
City,   25c. 

Cassier's  Magazine,  New  York  City, 
25c. 

Engineering  (London),  W.  H. 
Wiley,    New   York    City,    25c. 

The  Engineer  (London),  Inter- 
national News  Co.,  New  York 
City,    35c. 

Engineering  News,  New  York  City, 
15c. 

Engineering  Record,  New  York 
City,    12c. 

Railway  Age  Gazette,  New  York 
City,    15c. 

Engineering  and  Mining  Journal, 
New  York  City,   15c. 

Electric  Railway  Journal,  New 
York   City,    10c. 

Railway  and  Engineering  Review, 
Chicago,   111.,   10c. 

Scientific  American  Supplement, 
New   York   City,    10c. 

Iron  Age,  New  York   City,    10c. 

Railway  Engineer,  London,  Eng- 
land,   25c. 

Iron  and  Coal  Trades  Review,  Lon- 
don,  England,    25c. 

Bulletin,  American  Iron  and  Steel 
Assoc,    Philadelphia,    Pa. 

Ainerican  Gas  Light  Journal,  New 
York  City,    10c. 

Americayi  Engineer,  New  York 
City,   20c. 

Electrical  Review,  London,  Eng- 
land. 

Electrical  World.  New  York  City. 
10c. 


(28)  Journal,      New      England      Water- 

Works  Assoc,   Boston,  Mass.,  $1. 

(29)  Journal,     Royal     Society     of     Arts, 

London,    England,    15c. 

(30)  Annates    des    Travaux    Publics    de 

Belgique,    Brussels,    Belgium. 

(31)  Annates   de  I'Assoc   des   Ing.   Sortis 

dt's     Ecoles     SpecialfcS     de     Gand, 
Brussels,    Belgium. 

(32)  Mimoires     et     Compte     Rendu     des 

Travaux,     Soc.       Ing.       Civ.     de 
France,    Paris,    France. 

(33)  Le  Genie  Civil,  Paris,  France. 

(34)  Portefeuille    Economiques    des    Ma- 

chines,  Paris,    France. 

(35)  Nouvelles  Aniiales  do   la  Construc- 

tion, Paris,   France. 

(37)  Revue  de  Mecanique,  Paris,  France. 

(38)  Revue    Generale    des     Chemins    de 

Per     et     des     Tramways,     Paris, 
France. 

(41)  Modern    Machinery,    Chicago,     111., 

10c. 

(42)  Proceedings,       Am.       Inst.       Elec 

Engrs.,    New   York   City,   50c. 

(43)  Annates    des    Ponts    et    Chaussees, 

Paris,  France. 

(44)  Journal,    Military    Service    Institu- 

tion, Governors  Island,  New  York 
Harbor,    50c. 

(45)  Mines  anil  Minerals,  Scranton,  Pa., 

20c. 

(46)  Scientific     American,      New      York 

City,  8c. 

(47)  Mechanical    Engineer,    Manchester, 

England. 

(48)  Zcitschrift,    Verein    Deutscher    In- 

genieure,    Berlin,    Germany. 

(49)  Zeitschrift    fiir    Bauwesen,     Berlin, 

Germany. 

(50)  Slahl   und  Eisen,   Diisseldorf,    Ger- 

many. 

(51)  Deutsche   Bauzeitung,   Berlin,    Ger- 

many. 

(52)  Rigasche    Industrie-Zeitung ,    Riga, 

JRussla. 

(53)  Zeitschrift,     Oesterreichlscher      In- 

genieur   und   Architekten   Verein, 
Vienna,   Austria. 

(54)  Transactions.  Am.   Soc.   C.  E.,   New 

York    City,    $4. 

(55)  Transactions,  Am.  Soc  M.   E.,  New 

York    City,    $10. 

(56)  Transactions,  Am.  Inst.  Min.  Engrs., 

New  York  City,  $5. 
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(57)  Colliery     Guardian,    London,     Eng- 

land. 

(58)  Proceedings,    Engrs.'    See.    W.    Pa., 

803      Fulton      Bldg.,      Pittsburg, 
Pa.,    50c. 

(59)  Transactions.  Mining  Inst,   of  Scot- 

land,     London      and      Newcastle- 
upon-Tyne,    England. 

(60)  Municipal        Engineering,      Indian- 

apolis,   Ind.,    25c. 

(61)  Proceedings,        Western        Railway 

Club,  225  Dearborn  St.,  Chicago, 
111.,   25c. 

(62)  Industrial     World,     59     Ninth     St., 

Pittsburg,   Pa. 

(63)  Minutes  of  Proceedings,  Inst.  C.  E., 

London,  England. 

(64)  Power,   New  York  City,   20c. 

(65)  Offidal      Proceedings,      New      York 

Railroad   Club,    Brooklyn,    N.    Y., 
15c. 

(66)  Journal    of    Gas    Lighting,    London, 

England,  15c. 

(67)  Cement     and     Engineering     Nctos, 

Chicago,    111.,    25c. 

(68)  Mining  Journal,  London,  England. 

(70)  Engineering     Review,      New      York 

City,    lO'c. 

(71)  Journal,  Iron  and  Steel  Inst.,   Lon- 

don,   England. 
(71a)    Carnegie      Scholarship      Memoirs, 
Iron     and     Steel     Inst.,     London, 
England. 

(73)  Electrician,   London,    England,    18c. 

(74)  Transactions,     Inst,     of     Min.     and 

Metal.,    London,    England. 

(75)  Proceedings.   Inst,   of  Mech.   Engrs., 

London,    England. 

(76)  Brick,   Chicago,   111.,   lOc. 

(77)  Journal,  Inst.  Elec.  Engrs.,  London, 

England. 

(78)  Beton   und  Eisen,  Vienna,    Austria. 

(79)  Forscherarbeiten,    Vienna,    Austria. 

(80)  Tonindustrie   Zeitung,   Berlin,    Ger- 

many. 

(81)  Zeitschrift  fiir  Architektur  und  In- 

genieurwesen,     Wiesbaden,     Ger- 
many. 
(83)    Prociressive    Age,    New    York    City, 
15c. 


(84)  Le  Ciinont,  Paris,  France. 

(85)  Proceedings,  Am.  Ry.   Eng.   and  M. 

of  W.  Assoc,  Chicago,  111. 

(86)  Engineering-Contracting,      Chicago, 

111.,   10c. 

(87)  Roadmaster  and  Foreman,  Chicago, 

111.,   10c. 

(88)  Bulletin    of    the    International    Ry. 

Congress    Assoc,    Brussels,    Bel- 
gium. 

(89)  Proceedings,   Am.    Soc.   for   Testing 

Materials,    Philadelphia,   Pa. 

(90)  Transactions,        Inst.        of        Naval 

Archts.,    London,    England. 

(91)  Transactions,     Soc.     Naval     Archts. 

and    Marine    Engrs.,    New    York 
City. 

(92)  Bulletin.        Soc.        d'Encouragement 

pour  rindustrie  Nationale,  Paris, 
France. 

(93)  Revue       de       Metallurgie,       Paris, 

France,  4  fr.  50. 

(94)  The  Boiler  Maker,  New  York  City, 

10c. 

(95)  International    Marine    Engineering, 

New  York  City,   20c. 

(96)  Canadian    Engineer,    Toronto,    Ont., 

Canada,    15c. 

(97)  Turbine,  Berlin,   Germany,   1   Mark. 

(98)  Journal.      Engrs.'      Soc.      Pa.,      219 

Market  St.,  Harrisburg,  Pa.,  30c. 

(99)  Proceedings,  Am.  Soc.  of  Municipal 
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Flame  Standards  Used   in  Photometry.*      E.   B.  Rosa  and  E.   C.   Crittenden.      (Paper 

read    before    the    Amer.    Illuminating    Soc.)       (66)      Jan.    3. 
Lumbering  in  the   World's   Greatest  Forests.*      A.   W.   Day.      (10)      Feb. 
Excursion   de   la   Soci6t6   des    Ingenieurs   Civils    de   France   en    Belgique   du    2    au    7 

octobre    1910;  Notes  Techniques.*     P.   Bouzanquet.      (32)      Oct. 

Municipal. 

Roadway.*      Report   of  the   Comm.    of  the  Am.    Ry.    Eng.    and    Maintenance   of   Way 

Assoc.      (85)      Vol.    II,    Part   2. 
Memoranda   Relative  to  the  City  of  Rochester.*      Edwin   A.   Fisher.      (28)      Dec. 
Experiments  with  Road-binding  Materials.      (104)      Dec.    30. 
Dust.   Soot  and   Smoke.*      John   B.   C.    Kershaw.      (10)      Jan. 
The  Building  of  the  City.*      Henry  Leffraan.      (2)      Jan. 
Tarred    Roads    and    Vegetation.      Marcel    Mirande.      (Paper    read    before    the    French 

Academy   of    Sciences.)       (104)      Jan.    6. 
Laying  Wood   Paving  with    Cement-Grout   Cushion   along   Street   Car   Tracks.      (13) 

Jan.   12. 
English    and    American    Highway    Traffic    Regulations.      Arthur    H.    Blanchard    and 

Henry  B.  Drowne.      (Paper  read  before  the  Amer.  Assoc,   for  the  Advancement 

of    Sci.)      (14)      Jan.    14. 
Certain  Considerations  Affecting   the  Selection   of   Bitumens   and   Mineral   Matter   for 

Road    Construction    and    Road    Surface    Treatment.      Jas.    C.    Travilla.      (Paper 

read  before  the  Amer.  Assoc,   for  the  Advancement  of  Sci.)      (86)      Jan.   18. 
Notes    on    Roadways    for    Residence    Streets    and    Thoroughfares    in    and    about    New 

York    City.      (13)      Jan.    19. 
Winnipeg's   Pavements.*     W.    Aldridge.      (96)      Jan.    19. 
The   Pavements    of    German    Cities.      (14)      Jan.    21. 
Systematic    Freight   Handling    in    Congested    Districts.      (14)      Jan.    21. 
Report  by  a  Board  of  Engineers  on  the  Management  of  the  Highway  Department  of 

the    State    of    Washington.      (86)      Jan.    25. 
Road     Construction     Methods     in      Semi-Arid    Regions.     Chas.    R.    Thomas.      (86) 

Jan.   25. 
Road  Maintenance  and  Construction  in  Massachusetts  in  1910.      (14)      Jan.  28. 
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Municipal—  (Continued). 

Cr;ukiiig    ol"    Cciuent    Grouted    Brick    Pavements.      Earle    R.    Whitmore.      (Abstract 

of  paper  read  before  the  Mich.  Eng.  Soc.)      (60)      Feb. 
Standardizing  of  the   Rattler  Test   for   Paving   Brick.*      Marion    W.    Blair.      (Paper 

read  before  the  Ind.  Eng.  Soc.)      (60)      Feb. 
Details  of  Construction   of  the   County    Road   System   of   Morgan    County,    Alabama. 

R.    P.    Boyd.      (86)      Feb.    1. 
Road   Building   in   New   York  State  ;   with   Additional  Data  on   Top   Concrete   Courses 

of  2-In.  Cubes  of  Clay  and  Concrete.     W.  G.  Harger.      (13)      Feb.  2. 
Le  ProblSme  de  la   Route,   Essai   d'un   Nouveau   Mode   de   Confection   des   Chauss6es 

Empierrges    pour    R^pondre    aux    Besoins    de    la    Circulation    Automobile.*     C. 

Guillet.      (33)      Dec.    31. 
Der    Verkehr,     die    Grundlage    der    Weltstadt-Entwicklung.*     Blum.      (48)      Serial 

beginning    Jan.    7. 

Railroads. 

Specifications  for  Steel  Rails.     Report  of  the  Comm.  of  the  Am.  Ry.  Eng.  and  Main- 
tenance of  Way  Assoc.      (85)      Vol.  II,  Part  1. 
Chemical  and  Physical  Tests  of  Rail.*     Report  of  the  Comm.   of  the  Am.   Ry  Eng. 

and  Maintenance  of  Way  Assoc.    (85)      Vol.   II,   Part  1. 
General    Information    Concerning    the   Scleroscope   and    its   Use   on    the    Baltimore   & 

Ohio   Railroad.*      A.   W.   Thompson.      (85)      Vol.    II,   Part   1. 
Rail    Failures    Due    to    Burns    and    Crystallization    Caused    by    Slipping    of    Engine 

Drivers,     Baltimore    &    Ohio    Railroad.*     A.    W.    Thompson.      (85)      Vol.     II, 

Part   1. 
Conservation    of    Cross-Ties    by    Means    of    Protection    From    Mechanical    Wear.* 

J.    W.    Kendrick.      (85)      Vol.    II,    Part    1. 
Economics  of   Railway  Location.*      Report  of  the  Comm.   of  the  Am.    Ry.    Eng.    and 

Maintenance    of    Way    Assoc.      (85)      Vol.    II,    Part    1. 
Allowabla    Length    of    Flat    Spots    on    Car    Wheels.*      Report    of    the    Comm.    of    the 

Am.  Ry.   Eng.  and  Maintenance  of  Wry  Assoc.      (85)      Vol.   II,   Part   1. 
Signals   and  Interlocking.*      Report  of  the  Comm.   of  the  Am.    Ry.    Eng.   and   Mam- 

tenance   of   Way    Assoc.      (85)      Vol.    II,    Part    1. 
Suggestions    for    Railroad    Work    in    Forest    Conservation.      Report    of    the    Comm. 

of  the  Am.  Ry.  Eng.  and  Maintenance  of  Way  Assoc.      (85)      Vol.   II,   Part  1. 
Ties.*     Report    of    the    Comm.    of    the    Am.    Ry.    Eng.    and    Maintenance    of    Way 

Assoc.      (85)      Vol.    II,    Part    2. 
Signs,    Fences    and    Crossings.     Report    of   the    Comm.    of    the    Am.    Ry.    Eng.    and 

Maintenance  of   Way   Assoc.      (85)      Vol.    II,    Part   2. 
Ballast.     Report    of    the    Comm.    of    the    Am.    Ry.    Eng.    and    Maintenance    of    Way 

Assoc.      (85)      Vol.    II,    Part   2. 
Track.     Report    of    the    Comm.    of    the    Am.    Ry.    Eng.    and    Maintenance    of    Way 

Assoc.      (85)      Vol.   II,   Part  2. 
Yards    and   Terminals.*      Report   of   Comm.   of    Am.    Ry.    Eng.    and    Maintenance    of 

Way   Assoc.      (85)      Vol."  II,    Part    2. 
Effect   of    Physical    Characteristics   of    a    Railway    Upon    the    Operation    of   Trams.* 

John   D.   Isaacs   and  E.   E.   Adams.      (85)      Vol.   II,   Part   2. 
The    Design    of     Fishplate    Rail-Joints.*      Cyril     Walter    Lloyd-Jones.      (63)      Vol. 

182. 
The  Re-Working  of  Old  Material.*      Jas.   S.  Sheafe.      (61)      Dec.  20. 
The    Transandine    Summit    Tunnel.*      John    Pollock,    Assoc.    M.    Inst.    C.    E.      (11) 

Dec.     30. 
Notes    of    Experiments    Upon    Locomotive     Spark    Arresters.*      Thomas    Thompson. 
(Paper   read  before  the   Inst,   of   Engrs.    and   Shipbuilders   in   Scotland.)      (47) 

Dec.    30. 
The    Design    and    Operation    of    a    Modern    Classification    Yard.*     W.    A.    MacCart. 

(2)      Jan. 
The  Brown-Boveri   System  of  Electric  Lighting  for  Trains.*      (21)      Jan. 
Queensland    Government    Railways.*      (21)      Jan. 

The  Clench-King  Superheater.*     Charles  R.  King,  M.  I.  C.  B.      (21)     Jan. 
Detectors.*     A.  H.  Johnson.      (Paper  read  before  the  Inst,  of  Signal  Engrs.)      (21) 

Jan. 
Electrically-Operated  Traverser.*      (21)      Jan. 

Notes  on  the  Economics  of  Locomotive  Operation.      Arthur  J.  Wood.      (8)      Jan. 
.Method  and  Cost  of  Raising   Embankment  and  Filling  Trestles  Using   Steam   Shovel 

and   Hart  Convertible  Cars   with  Lidgerwood  Unloader.     D.   A.   Wallace.      (87) 

Jan. 
Treated    Tie    Timbers.      J.    L.    Single.      (Paper    read    before    the    Roadmasters    and 

Maintenance  of  Way  Assoc.)      (87)      Jan. 
Classification   of   Material   in  the  Transcontinental    Railway.*      (96)      Jan.   5. 
2  000    H.    P.    15  000-Volt    Single-Phase    Locomotive.      (73)      Jan.    6. 
A   Rail   Relaying   Machine,    C.   M.   &  St.    P     Ry.*      Jan.    7.  
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Railroads— (Continued). 

Corrugation   of   Kails.*      J.   H.    Briggs.      (73)      Jan.    13. 

Cost  of  Track  Laying.      H.   C.   Landon.      (15)      Jan.   13. 

Hush   Train   Shed   at   Baltimore.*      (15)      Jan.    13. 

Snow    Sheds    on    the    Great    Northern.*      (15)      Jan.    13. 

The   Electrical    Equipment    of   the   Detroit    River   Tunnel.*      (17)      Serial    beginning 

Jan.    14. 
Proposed     Standards     Discussed    by     Central     Electric     Railway     Committee.      (17) 

Jan.    14. 
Superheater  Locomotives  on  the  Chicago  &  Northwestern   Ry.*      (18)      Jan.  14. 
Rail  Trimming  Mill  and  Material   Yard,   C.  M.  &  St.   P.   Ry.*      (18)      Jan.   14. 
The    McKinnis    Switch    Point   Lock.*      (18)      Jan.    14. 
Union  Terminals  of   Canadian   Northern   Railway  and   Grand  Trunk   Pacific   Railway 

at   Winnipeg,    Manitoba.*      C.    D.    Archibald.      (96)      Jan.    19. 
Physical  Valuation   and  Capitalization.     Prank  Haigh  Dixon.      (15)      Jan.   20. 
Test  of   Simple   Atlantic   Type   Locomotive   on   the   Testing   Plant   at    Altoona.      (15) 

Jan.  20. 
Electric     Shunting    Locomotives.      Albert     H.     Marshall.      (Paper     read     before     the 

Cleveland    Inst,    of    Engrs.)       (47)      Jan.    20. 
Improvement    in    Signal    Details.     J.    S.    Hobson.      (From    Electric   Journal.)      (15) 

Jan.  20. 
Compounding  and  Superheating,  Lancashire  and  Yorkshire  Railway.      (12)      Jan.  20. 
Well   Drills  for  Railroad  Grading  through  Rock.      (14)      Jan.   21. 
Performance    of    Four    Cylinder    Balanced    Simple    Locomotive    on    the    C,    R.    I.    & 

P.    Ry.*      (18)      Jan.    21. 
The  Washington,    Baltimore   &   Annapolis   Electric    Railway.*      (18)      Jan.    21. 
Notes  on  the   Design  and  Construction   of  Railroad   Crossings.*      (86)      Jan.    25. 
Storage-Battery    Substation    for    Detroit    River    Tunnel    Electric    Railway    Installa- 
tion.*     (27)      Jan.   26. 
The    Railway    Terminal    Situation    in    St.    Louis    and    the    Municipal    Bridge.      Edgar 

R.  Rombauer.      (Abstract  of  paper  read  before  the  St.  Louis  Ry.  Club.)      (13) 

Jan.    26. 
New  Tie-Plates  of  the  Pittsburgh  &  Lake  Erie  R.  R.*      (13)      Jan.   26. 
The    Cumberland-Connellsville    Extension    of    the    Western    Maryland    Ry.*      (13) 

Jan.   26. 
Mikado    Locomotive    for    Burning    Lignite ;    Oregon    Railroad    &    Navigation    Com- 
pany.*     (15)      Jan.    27. 
Railway    Cross-Tie    Records.      (14)      Jan.    28. 

The    Schilowsky    Low-Speed    Gyroscope   Monorail.*      (46)      Jan.    28. 
New  Cut-Off  Line,  D.  L.  &  W.  R.  R.*      (18)      Serial  beginning  Jan.  28. 
Asphaltic    Oils    for    the    Preservation    of    Railway    Ties.      Frank    W.     Cherrington. 

(Abstract   of   paper   read   before   the   Wood    Preservers'    Assoc.)      (13)    Feb.    2; 

(60)    Feb. 
Some   Progress   Data    in    Driving   the  Loatschberg   Tunnel.     Eugene  Lauchli.      (86) 

Feb.  1. 
South   Dakota    Railroad   Appraisal.     Carl    C.   Witt.      (Abstract   of   report   to    Bd.    of 

R.    R.    Commrs.)       (86)      Feb.    1. 
Report   of  the   "Joint   Board   on   Metropolitan   Improvements"    on   the  Electrification 

of   the    Steam    Railway    Lines   Entering    Boston.      (13)      Feb.    2. 
A    Logical    Basis    for    Valuations    of    Interurban    Street    Railways.     C.    G.    Young, 

Assoc.   Am.   Soc.   C.   E.      (Abstract  of  paper  read   before  the   Central   Elec.   Ry. 

Assoc.)       (13)      Feb.    2. 
Elimination    of    Railway    Grade    Ciossings    in    Cleveland,    O.     Robert    Hoffman,    M. 

Am.  Soc.  C.  E.      (Abstract  of  paper  read  before  the  Cleveland  Eng.  Soc.)      (13) 

Feb.    2. 
The   Mail-handling    System    at   the   New    Pennsylvania    Railroad    Station,    New    York 

City.*      Joseph   B.    Baker.      (46)      Feb.   4. 
Le  Materiel  Roulant  des  Chemins  de  Fer  a  I'Exposition  Universelle  et  Internationale 

de   Bruxelles  1910.*      A.   Schubert.      (38)      Serial   beginning  Jan. 
Machines   k   Rectifier   les    Portees   des    Manivelles    et   Contre-Manivelles   des    Essieux 

Moteurs  de  Locomotives.*      (33)      Jan.   14. 
E.ssais    d'un    Eclissage    avec    Joints    en    Biseau    sur    le   Chemin    de    Fer    du    Chan-Si 

(Chine).*      {33)      June   25. 
Uber    das    Verdampfungsgesetz    des    Locomotivkessels.     O.     Kochy.      (102)      Serial 

beginning    Jan.    1. 
Verbessertes    Westinghouse-Steuerventil    fiir    die    Giiterzugbremse.*      (102)      Jan.    1. 
Erhohung  der  Wirtschaftlichkeit  des  Zugforderungsdienstes  auf  Grund  von  Versuchen 

mit    Lokomotiven     im    Betriebe    der    preussisch-hessischen     Staatsbahnen.*      R. 

Anger.      (102)      Serial   beginning  Jan.   1. 
Der  Schienenstoss.*     A.  Haarmann.      (50)      Jan.   12. 
Neue    Versuche    Uber    die    Durchschlagsgeschwindigkeit    bei    der    Luftsauge-Schnell- 

bremse.*     K.  Kobes.      (53)      Jan.   13. 
Elektrische  Forderbahnen.*     Wilh.   Reinhart.      (53)      Jan.    13. 
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Railroads,  Street. 

Uobuilding  the  La  Salle  St.  Tunnel  under  the  Chicago  River.*  (13)  Jan.  12;  (86) 
Jan.    11. 

The  Report  of  the  Citizens'  Committee  on  the  New  Yorli  Rapid  Transit  Problem. 
(13)      Jan.    12. 

The  Waterproofing  of  Tunnels.  A.  H.  Harrison.  (Paper  read  before  the  Cement 
Users    Convention.)       (96)      Jan.    12. 

Jarman"s  System  of  Electric  Traction  by   Storage  Batteries.*      (19)      Jan.   14. 

Track    Construction    Standards    in    Atlanta,    Ga.*      (17)      Jan.    14. 

Integral    Oil    Cups    in    Brooklyn.*      (17)      Jan.    14. 

The  Paris  Subway  System,  With  Special  Reference  to  Franchise  Terms  and  Con- 
ditions.*     Robert    H.    Whitten.      (13)      Jan.    19. 

Logical  Basis  for  Valuations  of  Interurban  Street  Railways.  C.  G.  Young.  (Ab- 
stract of  paper  read  before  the  Central  Klec.   Ry.   Assoc.)      (17)      Jan.   21. 

Twelve  Years  Development  of  Rapid  Transit  in  Boston :  The  Extensions  and 
Additions   of   the   Boston    Elevated    Railway    Co.*      (13)      Jan.    26. 

A   New   Electric   Subway   in   Paris.*      (19)      Feb.   4. 

•New  Cold  Springs  Car  Shops  of  the  Milwaukee  Electric  Railway  &  Light  Company.* 
(17)      Feb.    4. 

The  Adjustment  of  American  Street  Railway  Rates  to  the  Expansion  of  City 
Areas.  George  H.  Davis.  (Abstract  of  paper  read  before  the  Amer.  Elec. 
Ry.    Assoc.)      (17)      Feb.    4. 

Sanitation. 

The    Design    of    Storm    Water    Drains    in    a    Modern    Sewer    System.*      Jean    Bart 

Balcomb.      (4)      Dec. 
Control  by  a   Patent  of  Sewage   Disposal  Methods.      F.   Herbert   Snow.      (98)      Dec. 
Heating  and  Ventilating  Plant  for  the  Ritz-Carlton  Hotel,   New  York.*      (70)      Jan. 
Our  Typhoid   Streams.*      H  de  B.    Parsons.      (8)      Jan. 
Sewage   Pumping   at   Norwich.*      (26)      Jan.   6. 
Mechanical    Ventilation.*     J.    Radcliffe.      (Paper    read    before    the    Inst,    of    Heating 

and  Ventilating  Engrs.)       (47)      Jan.   6. 
Notable  Scheme  of  School   Ventilation.*      (101)      Jan.    7. 
Plumbing   in   a   New   York   Apartment   House.*      (101)      Jan.    7. 
Vacuum    Cleaning    in   Federal    Buildings.     M.    S.    Cooley    and    Nelson    S.    Thompson. 

(101)      Serial    beginning   Jan.    7. 
A    Land    Drainage    Project    near    Louisville,    Kentucky.*      (13)      Jan.    12. 
The  Pennypack  Creek  Sewage  Disposal  Works,  Philadelphia.*      (14)      Jan.   14. 
Disposition    of    Garbage    in    Various    Cities,    The    Installations    of    Some    European 

Communities.      (19)      Jan.    14. 
Work    and    Organization    of    the    Winnipeg    Health    Department.*      Ernest    W.     J. 

.Hague.      (96)      Jan.    19. 
Rehabilitation   by    Vacuum   Heating.*      (101)      Jan.    21. 

Design  of  Fan   Blast  Heating.      H.   C.   Russell.      (101)      Serial  beginning  Jan.    21. 
Sewage   Sludge   Disposal.      W.    R.   Ruggles.      (14)      Jan.    21. 
Sewage   Pumping   Station    and   Siphon   at   Wichita.*      (14)      Jan.    21. 
Sanitation    of     Villages    and     Premises    Without     Sewers.      John     W.     Hill.      (From 

Bulletin,  Ohio  Slate  Board  of   Health.      (96)      Jan.   26. 
The    Richmond    Hill    Trunk    Sewer,    Long    Island.*      (14)      Jan.    28. 
Sewer  Construction   at  Laporte,    Indiana.*     Ezra   C.    Shoecraft,   Assoc.   M.   Am.    Soc. 

C.    E.      (14)      Jan.    28. 
Pipe    Line    Sizes    for    Central    Station    Heating.*      Byron    T.    Gifford.      (Paper    read 

before  the  Amer.   Soc.   of  Heating  and  Ventilating  Engrs.)       (101)      Jan.   28. 
Garbage    and    Refuse    Collection    and    Disposal.         Charles    Carroll    Brown,    M.    Am. 

Soc.    C.    E.      (Paper    read    before   the    Indiana    Eng.    Soc.)       (60)      Feb. 
Digging    Ditches    with    Dynamite.*      Arthur    E.    Morgan.      (86)      Feb.    1. 
Levee   and    Drainage    Project    at   East    St.    Louis,    111.     T.    N.    Jacob.      (Abstract    of 

paper  read  before  the  111.   Soc.  of  Engrs.   and  Surv.)       (13)      Feb.   2. 
The  Calumet   Drainage   Channel    and    its   Relation   to   the   Sewage-Disposal    Problem 

at    Chicago.     L.    K.    Sherman,    M.    Am.    Soc.    C.    E.      (Abstract    of    paper    read 

before   the   111.   Soc.   of   Engrs.    and    Survs.)       (13)      Feb.    2. 
Warmwasserheizung,   Niederdruckdampfheizung  und  offene   Ueberdruckwasserheizung 

mit    100°    mittlerer    Hochstwassertemperatur.     O.    Krell.      (From    Gesundheits- 

Intjenieur.)      (81)      1911,    Pt.    1. 
Die  Fernheizanlage   Miinchen-Hauptbahnhof.*     H.   Angerer.      (48)      Jan.    14. 

Strnctural. 

The  Use  of  Reinforced  Concrete  on  the  Wabash  Railroad,  U.  S.  A.*  Ernest  Romney 
Matthews   and   Andrew   Oswald   Cunningham.      (63)      Vol.    182. 

Some  Experiments  on  Fatigue  of  Metals.*     J.  H.  Smith.      (71)      Vol.   82. 

Report  on  the  Wear  of  Steels  and  on  Their  Resistance  to  Crushing.*  Felix  Robin. 
(71o)      Vol.    11,    1910. 

Iron  and  Steel  Structures.*  Report  ol  the  Comm.  of  the  Am.  Ry.  Eng.  and 
Maintenance  of  Way   Assoc.      (85)      Vol.    II,    Part   1. 
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Structural^!  Continued ) . 

Wooden    Bridges    and    Trestles.*      Report   of   the    Comm.    of    the    Am.    Ry.    Eng.    and 

Maintenance  of  Way  Assoc.      (85)      Vol.   II,    Part   1. 
The    Supporting    Power   of    Piles.      Ernest    P.    Goodrich,    M.    Am.    Soc.    C.    E.      (85) 

Voi.    II,    Part    1. 
Wood  Preservation.*      Report  of  the  Comm.   of  the   Am.    Ry.   Eng.   and  Maintenance 

of  Way   Assoc.      (85)      Vol.    II,    Part   2. 
Masonry.*      Report    of   the   Comm.    of   the   Am.    Ry.    Eng.    and    Maintenance   of   Way 

Assoc.      (85)      Vol.    II,    Part    2. 
Specifications  for  Plain  and  Reinforced  Concrete  and  Steel  Reinforcement.*      Report 

of    the    Comm.    on    Masonry    of   the    Am.    Ry.    Eng.    and    Maintenance    of    Way 

Assoc.      (85)      Vol.   II,  Part  1. 
Buildings.*      Report  of  the  Comm.   of  the  Am.   Ry.   Eng.   and   Maintenance   of   Way 

Assoc.      (85)      Vol.    II,    Part    2. 
Brick   and    Tile    for   Architectural    Effects.*      A.    S.    Atkinson.      (76)      Dec. 
About  the   Compressol   System.      T.   Fujis.      (98)      Dec. 
The    Hardening    and    Constitution    of    Portland    Cement.*      S.     Keiserman.      (With 

criticism  by  W.   Michaclis,   Sr.)       (67)      Serial   beginning  Jan. 
The  Value  of  Certain  Paint  Oils.      Henry  A.  Gardner.      (3)      Jan. 
A   New  System   of  Mixing,   Conveying  and   Distributing   Concrete.*      (67)      Jan. 
Paints    and    Pigments.*     A.    H.    Sabin.      (Paper    read    before    the    Western    Soc.    of 

Engrs.)      (4)      Jan. 
Elements  of   Structural    Steel   Designing.*      Wm.    Snaith.      (96)      Jan.    5. 
The    Monoshaft    System    of    Chimney    Construction.      J.    S.    E.    De    Vesian,    M.    Inst. 

Civil  Engrs.      (Paper  read  before  the  Eng.   Soc.  of  Gloucester.)       (57)      Jan.   6. 
Photo-Elasticity.*      E.    G.    Coker.      (11)      Jan.    6. 
Hints  on  Metal  Roofing  and  Siding*     William  Neubecker.      (101)      Serial  beginning 

Jan.    7. 
An  Investigation  of  Bearing  Metals.*     H.  B.  McDermid.      (64)      Jan.   10. 
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In  any  engineering  project  involving  ultimate  return  to  the  investor 
in  the  shape  of  revenues,  there  must  be  considered  not  only  the  expendi- 
tures necessary  to  build  the  ijhysieal  plant — with  which,  of  course,  the 
engineer  is  most  directly  concerned — but  also  the  investment  necessary 
to  put  the  plant  into  successful  operation  and  to  create  the  revenues 
that  justify  its  construction. 

This  portion  of  the  cost  of  a  project  has  been  termed  by  the  Courts, 
the  "Going  Value,"  or  the  "Going  Concern  Value." 

Too  often  the  promoters  or  investors  in  a  legitimate  enterprise  have 
either  overlooked  the  importance  of  providing  the  necessary  funds  to 
cover  this  cost  of  the  Going  Concern,  which  it  will  be  seen  is  made 
up  largely  of  the  deficits  occurring  in  the  early  operation  and  develop- 
ment of  the  business  of  completed  plants,  or  they  have  under-estimated 
their  amount.  In  the  same  way,  also,  the  engineer  has  failed  some- 
times to  call  the  attention  of  the  financier  to  the  fact  that  such 
deficits  will  inevitably  be  encoimtered  in  the  early  days  of  operation. 
Such  costs  not  being  properly  chargeable  to  physical  construction,  the 
engineer,  called  in  by  his  client  to  design  and  supervise  the  building 
of  the  plant,  but  not  concerned  with  its  operation  or  with  the  upbuild- 

NoTR. — These  papers  are  issued  before  the  date  set  for  presentation  and  discus- 
sion. Correspondence  is  invited  from  those  who  cannot  be  present  at  the  meeting, 
and  may  be  sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or  written,  will 
be  published  in  a  subsequent  number  of  Proceedings,  and,  when  finally  closed,  the 
papers,   with  discussion   In  full,  will  be  published   in   Transactions. 
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ing  of  its  business  thereafter,  has  naturally  considered  these  costs  to  be 
outside  of  his  domain  or  responsibility. 

There  are  circumstances,  however,  which  compel  the  engineer  to 
give  attention  to  this  part  of  the  investment,  and  which  raise  the 
question  whether,  after  all,  he  is  not  better  fitted  to  determine  these 
expenses  intelligently  than  is  the  promoter,  the  financier,  or  the 
owner;  for  the  study  of  such  added  values  involves  primarily  knowledge 
of  plant  operation,  as  well  as  business  promotion,  a  class  of  informa- 
tion which  the  consulting  and  supervising  engineer  must  have,  in  order 
to  design  plants  which  may  be  operated  economically.  The  engineer, 
well  versed  in  such  matters,  therefore,  .should  be  as  fair  and  competent 
a  judge  of  the  going  value  of  a  project  as  of  the  design  and  cost  of  its 
physical  structure. 

The  necesssity  of  estimating  going  value  has  been  forced  directly 
on  the  attention  of  the  engineer  engaged  in  constructing  and  operating 
public  utilities  by  the  fact  that  he  is  often  called  on  to  value  the  plant 
;ui(l  property  of  a  ''going"  concern.  The  work  of  estimating  the 
physical  part  of  the  property  is  not  difficult,  and  usually  lies  well  within 
the  domain  of  his  acquired  experience,  but  when  it  comes  to  estimating 
the  value  of  an  already  acquired  income,  involving,  as  it  does,  a  work- 
ing knowledge  of  operating  costs,  hypothetical  growth,  estimates  of 
si'mi-developed  revenues,  and  the  like,  the  engineer  finds  himself  eon- 
fronted  with  a  problem  which  demands — in  addition  to  such  experience 
— some  knowledge  of  the  law,  a  judicial  attitude  of  mind,  and  logical 
thinking  of  the  highest  order. 

In  the  last  dozen  years  or  so,  the  frequent  demands  for  the  appraisal 
and  valuation  of  water-works  properties  in  America,  for  the  purpose 
of  purchase  or  for  rate-making,  have  compelled  the  attention  of  engi- 
neers to  this  difficult  subject  to  a  degree  perhaps  greater  in  water- 
works than  in  any  other  class  of  i)ublic  utilities,  so  that,  while  going 
value  is  common  to  almost  all  forms  of  human  enterprise,  and  will 
inevitably  be  more  and  more  clearly  recognized  in  all  cases  where 
complete  preliminary  estimates  or  scientific  re-valuation  are  required, 
yet,  up  to  the  present  time,  water-works  valuations  have  been  responsi- 
ble for  most  of  the  effort  which  has  been  made  to  sj"stematize  logical 
investigation  of  this  subject. 

Methods  for  properly  estimating  going  value  have  been  discussed 
in   water-works   valuations   for   more   than   a   dozen  years,   and   many 
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minds  have  contributed  valuable  suggestions  which  have  modified  early 
views  and  systematized  its  computation,  until  now  certain  general 
principles,  concepts,  and  courses  of  procedure  for  determining  going 
value,  have  come  to  be  recognized  as  sound  and  helpful. 

It  is  not  strange,  however,  that  estimators  new  to  the  subject,  who 
from  time  to  time  find  themselves  obliged  to  give  it  attention,  are 
temporarily  involved  in  some  of  its  complexities,  and  originate  sugges- 
tions which  have  already  been  well  discussed  and  perhaps  shown  not 
to  stand  the  test  of  reason.  This,  of  course,  tends  to  confuse  the  dis- 
cussion. It  is  desirable,  therefore,  that  what  has  already  been  accom- 
plished should  be  recorded,  so  that  further  progress  can  be  made. 

In  an  attempt  to  record  what  had  already  been  thought  out,  as 
well  as  to  suggest  lines  for  further  discussion,  there  was  presented 
to  the  American  Water- Works  Association,  in  June,  1909,  a  paper  by 
Mr.  Alvord  entitled  "Notes  on  Going  Value  and  Methods  for  Its 
Computation,"  to  which  those  interested  may  refer  for  a  more  general 
and  preliminary  treatment  of  the  subject.  It  may  be  added  that  a 
valuable  discussion  followed  the  presentation  of  the  paper. 

Fully  recognizing  that  lack  of  specific  information  and  discussions 
have  given  rise  to  honest  differences  of  opinion  as  to  the  details  of  going 
value  determination,  the  writers  offer  this  paper  as  a  further  contribu- 
tion to  the  subject,  with  particular  reference  to  a  certain  phase  of  it, 
namely,  the  consideration  to  be  attached  to  the  interest  account.  This 
item,  though  of  comparative  insignificance  in  the  valuation  of  small 
plants,  is  of  very  substantial  importance  in  its  bearing  on  the  going 
value  of  large  plants. 

Definition  of  Going  Value. 

Going  value  may  be  defined  as  the  value  of  a  created  income,  or 
— from  the  reproduction  point  of  view- — the  cost  of  acquiring  a  given 
income.  Commonly,  though  erroneously,  considered  as  an  intangible 
value,  it  is  none  the  less  a  real  element  of  cost,  which  must  be  taken 
into  acccount. 

The  "going  value"  of  the  public  service  or  quasi-municipal  cor- 
poration is  somewhat  analogous  to  the  "good-will"  of  the  business 
corporation.  It  requires  time  and  investment  to  build  up  good-will 
in  business.  The  operator  of  the  public  service  corporation  knows  that, 
under  ordinary  circumstances,  he  cannot  hope  to  meet  the  operating 
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expenses  and  fixed  charges  of  liis  corporation  in  the  first  few  years  of 
its  existence.  It  must  pass  through  a  formative  period  during  which 
the  losses  in  operation  and  fixed  charges  must  be  carried  until  its 
gross  income  is  sufficient,  not  only  to  meet  the  operating  and  mainte- 
nance expenses,  but  also  to  leave  a  margin  sufficient  to  cover  deprecia- 
tion and  fixed  charges. 

Going  concern  cost,  therefore,  is  as  much  a  part  of  the  reproduc- 
tion cost  of  a  public  service  corporation's  property  as  is  the  repro- 
duction cost  of  its  physical  plant.  It  appertains,  however,  to  the 
business,  rather  than  to  the  physical  part  of  the  plant. 

As  a  fundamental  principle,  it  must  be  clearly  understood  that  cost 
is  not  synonymous  with  value.  What  a  property  has  cost  in  the  past 
may  be  of  use  in  determining  what  its  present  value  is,  but  clearly 
past  cost  is  not  necessarily  identical  with  present  value;  therefore,  in 
detennining  past  cost  one  should  confine  oneself  to  that  line  of  inquiry 
alono  until  it  is  completed,  and  in  reproducing  a  plant  it  is  only  proper 
and  logical  to  consider  similarly  what  it  would  cost  to  rebuild  it  under 
present  conditions.  The  two  should  not  be  confused.  Both  may  aid 
in  determining  value.     Neither  is  value  of  itself  alone. 

The  Wisconsin  Public  Service  Commission,  in  one  of  its  recent 
decisions,  has  taken  as  a  measure  of  going  value,  in  a  reproduction  of 
the  property,  the  past  cost  to  the  company,  in  operating  deficits, 
advertising,  and  other  expenses  incident  to  building  its  income 
up  to  the  point  where  it  is  sufficient  to  carry  the  depreciation 
and  fixed  charges,  as  well  as  the  operation  and  maintenance  ex- 
penses of  the  project.  As  applied  to  the  reproduction  method,  this 
interpretation  of  going  value  is  erroneous,  because  it  deals  with  the 
"original"  cost,  and  not  the  "reproduction"  cost,  of  developing  the 
present  income  of  the  plant;  and  because,  while  admitting  that  original 
cost  is  significant  in  a  determination  of  the  value  of  the  corporation's 
property,  the  Courts  hold  that  it  is  not  of  controlling  importance,  and 
have  laid  down  the  precept  that  the  reproduction  cost,  as  of  the  date 
of  valuation  or  taking  of  the  plant,  shall  be  accurately  determined  as 
one  of  the  standards  of  present  value. 

If  such  is  the  case  with  reference  to  the  physical  plant,  why  not 
with  reference  to  the  business  of  the  corporation?  Obviously,  it  should 
be  so,  for  a  moment's  reflection  will  make  clear  that,  with  growth  in 
population,  the  company  has  to  face  constant  demands  for  new  capital, 
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to  meet  the  growing  needs  of  the  community,  and  this  new  capital 
passes  through  a  period  when  it  does  not  earn  an  adequate  return, 
in  exactly  the  same  way  as  occurred  in  the  case  of  the  capital  originally 
put  into  the  plant.  The  going  value  of  the  plant,  therefore,  under 
normal  conditions,  should  increase  with  the  lapse  of  time,  and  with 
increasing  investment  in  plant  and  business. 

The  Measure  of  Going  Value. — What,  then,  is  the  measure  of  this 
going  value,  and  what  elements  influence  its  amount? 

Without  going  too  minutely  into  a  history  of  the  development  of 
the  methods  for  the  determination  of  going  value,  already  fairly  well 
established,  suffice  it  to  say  that  in  a  general  way  it  has  been  found 
necessary  to  measure  this  element  by  a  hypothetical  comparison.  This 
is  done  by  determining  the  difference  in  earning  capacity  between  the 
existing  plant  and  a  hypothetical  new  plant,  which,  for  convenience, 
may  be  called  "The  Comparative  Plant."  This  comparative  plant  is 
assumed  to  be  built,  beginning  with  the  date  of  valuation,  or  taking, 
and  to  acquire  business  up  to  the  level  of  the  existing  company  as 
rapidly  as  possible.  The  sum  of  the  present  worths  of  the  annual 
excess  in  net  return  of  the  existing  plant  over  the  hypothetical  or 
comparative  plant,  in  the  period  of  years  from  the  date  of  taking  to 
the  time  when  the  earnings  of  the  comparative  plant  are  assumed  to 
become  identical  with  those  of  the  existing  plant,  represents  the  going 
value  of  the  existing  plant. 

The  sum  thus  obtained  represents  the  additional  amount  which 
a  purchaser  could  afford  to  pay  to  the  owners  of  the  existing  plant  for 
its  established  income,  over  and  above  the  cost  of  its  physical  property. 

This  method  of  arriving  at  going  value  may  be  termed  the 
"Comparative  Method." 

The  Investor  at  the  Parting  of  the  Ways. — In  the  case  of  a  large 
plant,  in  which  the  period  of  years  required  for  the  reproduction  or 
building  of  its  physical  property  would  be  long,  it  will  be  helpful,  in 
analyzing  its  going  value,  to  place  oneself  in  the  position  of  an 
assumed  capitalist,  who  stands,  on  the  date  of  valuation,  in  the 
position  of  having  in  hand  the  necessary  capital,  so  that  he  could 
either  buy  the  existing  going  plant  with  its  established  business, 
or  build  a  new  hypothetical  or  coyiparative  plant  to  replace  the 
existing  one  imder  non-competitive  conditions.  In  brief,  this  im- 
aginary capitalist  may  be  considered   as   standing  at   the  parting  of 
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tlio  ways,  witli  a  choice  of  two  paths,  aud  as  desiring  to  know  from 
his  engineer  their  relative  financial  desirahility.  This  requires  the 
engineer  to  determine  for  both  cases  the  probable  return  which  the 
capitalist  would  receive  on  his  investment,  during  the  period  of  years 
assumed  as  fairly  necessary  for  a  comparative  plant  to  acquire  the 
growing  business  of  the  existing  plant. 

Knowledge  of  operating  conditions  and  growth  of  plants  under 
(litferent  circumstances  allows  this  comparison  to  be  made  with  greater 
certainty  than  might  be  supposed.  It  is  necessary,  however,  to  be 
strictly  judicial  and  thoroughly  logical,  in  order  to  produce  reasoning 
which    will   stand    the   test   of   cross-examination. 

Some  of  this  reasoning  will  be  followed: 

Should  the  capitalist  take  the  first  path,  and  buy  the  existing  plant, 
he  will  evidently  receive  as  return  on  his  investment  the  net  income 
indicated  by  its  past  history,  modified  by  such  circumstances  as  will 
be  likelj-  to  influence  its  net  income  during  the  period  when  a  new 
comparative  plant  can  reasonably  hope  to  overtake  its  development. 

If  he  chooses  the  second  path,  that  is,  to  build  the  new  hypothetical, 
or  comparative  plant,  he  must  be  assumed  to  have  in  hand  at  the  date 
of  taking,  a  capital  sum  equal  to  the  full  reproduction  cost  of  the 
existing  plant  and  its  business.  This  capital  he  must  keep  in  such 
ready,  or  convertible,  form  as  to  enable  him  to  meet  the  hypothetical 
costs  and  expenses  as  they  arise. 

Obviously,  on  this  second  path,  as  a  builder  of  a  new  plant,  he 
will  not  have  to  use  the  full  amount  of  his  capital  at  first,  but  will 
make  only  such  expenditures  as  may  conform  to  the  reasonable  con- 
struction requirements  from  year  to  year,  until  the  end  of  the  construc- 
tion period  of  his  comparative  plant,  and  thereafter,  such  additional 
expenditures,  up  to  the  end  of  the  going  value  development  period, 
as  may  correspond  to  the  cost  of  developing  the  business  or  going  value 
of  a  newly  starting  company. 

The  capitalist  then  finds  himself,  in  this  second  path,  in  the  posi- 
tion of  still  having  in  hand  at  the  end  of  the  first  year,  a  considerable 
proportion  of  his  capital,  on  which  portion  he  will  be  able  to  earn  a 
rate  of  interest  commensurate  with  the  need  of  keeping  it  in  con- 
vertible form.  For  comparative  i)urposes,  however,  he  will  lose  the 
return  on  the  money  expended  during  the  first  year  for  construction 
requirements. 


162  THE  GOIXG  VALUE  OF  WATER-WORKS  [Papers. 

Similarly,  for  the  second,  third,  and  additional  years  of  construc- 
tion and  development  of  going  value. 

Clearly,  if  the  existing  plant  is  small,  so  that  the  construction 
period  of  a  comparative  plant  will  not  exceed  one  year,  the  amount  of 
unemployed  capital  on  vphich  interest  can  be  earned,  pending  its  use 
for  construction  jjurposes  or  acquirement  of  business,  will  be  small, 
perhaps  negligible,  and  will  have  little  effect  on  the  going  value  of  the 
property  in  question. 

In  the  case  of  a  large  plant,  however,  it  becomes  an  element  of 
importance,  substantially  reducing  the  amount  of  the  going  value 
which  would  obtain,  were  this  return  on  unemployed  capital  neglected, 
and,  therefore,  it  must  be  given  careful  consideration. 

It  remains,  then,  to  compare  these  two  paths  in  terms  of  returns 
on  the  two  plants,  through  the  period  required  for  the  development  of  the 
comparative  plant.  To  do  this,  first  find  the  differences  in  the  return, 
under  proper  accounting  methods,  on  the  existing  plant,  in  the  light 
of  its  past  history,  and  on  the  comparative  plant,  under  reasonable 
assumptions  as  to  development  of  income,  including  allowance  for 
depreciation  in  both  cases,  but  excluding  consideration  of  the  interest 
charges;  then,  to  the  sum  of  the  present  worths  of  these  differences, 
add  the  sum  of  the  present  worths  of  the  annual  return  on  the  un- 
employed capital.  The  result  thus  found  should  logically  measure  the 
going  value. 

It  is  evident  that  interest  should  not  be  included  as  an  operating 
charge,  for  the  reason  that  the  relative  return  on  the  two  plants,  of 
which  interest  is  a  part,  is  the  thing  sought.  To  include  interest  or 
profit  on  capital  (invested  in  plant,  in  contradistinction  to  unemployed 
capital)  as  an  operating  charge,  would  be  to  charge  to  operating 
expenses  a  portion  of  the  very  return  which  it  is  desired  to  value, 
instead  of  crediting  it  to  the  capitalist  as  a  part  of  the  return  to  be 
derived  on  the  two  comparative  investments. 

It  is  of  importance  at  the  beginning  to  understand  clearly  that  all 
accounts  with  the  capital  under  consideration  must  be  begun  at  the 
date  of  taking,  or  at  the  parting  of  the  ways,  as  it  has  been  called, 
because  the  discussion  of  return  is  wholly  a  comparative  one  from  this 
point  of  view.  Some  confusion  has  resulted,  even  on  the  part  of  those 
familiar  with  the  subject,  due  to  lack  of  appreciation  of  this  fact. 

The  writers,  therefore,  will  proceed  to  discuss  more  in  detail  this 
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question  of  return,  by  which  is  meant,  in  the  case  of  the  existing  plant, 
the  difference  between  gross  annual  income  and  operating,  mainte- 
nance, and  depreciation  charges,  excluding  interest  charges,  however, 
and  in  the  case  of  the  comparative  plant  the  same  difference  plus  the 
income  derived  from  the  unemployed  capital. 

In  discussing  the  development  and  operation  of  the  comparative 
[ilaut,  the  following  considerations  are  of  importance: 

First. — The  rate  of  interest  for  readily  convertible  capital  is  low. 
It  will  vary  with  the  length  of  the  period  of  construction,  and  to  a 
lesser  degree  with  the  length  of  the  period  of  acquisition  of  the  busi- 
ness of  the  existing  plant  by  the  new  comparative  plant.  For  the  bulk 
of  the  unemployed  capital,  held  in  readily  convertible  form,  but  await- 
ing use  for  construction  purposes,  5%  is  too  high  a  rate  in  most  cases. 
Probably  4%,  more  or  less,  depending  on  local  conditions,  is  a  fairer 
rate.  For  that  portion  of  the  unemployed  capital  which  is  to  be  vised 
for  construction  purposes  during  the  year,  unless  its  amount  is  very 
substantial,  2%  a  year,  or  thereabouts,  on  the  average  balance  in  bank, 
would  seem  to  be  a  fair  allowance. 

Second. — Bankers  will  charge  a  discount,  or  brokerage,  for  the 
service  of  holding  funds  in  readiness  for  use  as  required  by  construc- 
tion needs,  which  will  tend  to  decrease  the  net  rate  of  return  on  the 
unemployed  capital. 

Third. — While  this  discount  for  keeping  funds  in  readiness  would 
reduce  the  average  rate  of  interest,  if  the  amount  on  deposit  during 
the  year  is  substantial,  a  portion  of  the  bank  balance  can  be  kept  in 
the  form  of  certificates  of  deposit,  on  which  a  rate  of  interest  higher 
than  2%  should  be  earned.  If  the  anticipated  annual  expenditures  in 
plant  construction  are  very  large,  9,  careful  analysis  may  be  made  of 
the  probable  bank  balances  as  affecting  the  rate  of  interest  which 
might  be  allowed  thereon  by  bankers.  Under  these  assumptions,  the 
average  rate  of  interest  which  would  be  earned  by  the  capitalist  on  his 
unemployed  capital,  less  discount,  would  probably  vary  between  3^ 
and  4  per  cent. 

Fourth. — The  larger  the  rate  of  interest  allowed  on  this  unem- 
ployed capital,  the  smaller  the  resulting  going  value  of  the  existing 
plant.  The  actual  effect  (in  percentage)  on  going  value,  is  of  lesser 
importance  than  would  perhaps  appear  at  first  thought,  for  the  reason 
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that  the  period  during  which  there  is  unemployed  capital  on  hand  is 
small,  as  compared  with  the  total  going  value  development  period. 

In  its  more  general  aspect,  the  comparative  method  of  computing 
going  value  may  be  said  to  conform  to  the  actual  experience  of  the 
investor  in  public  service  properties,  and,  to  some  extent,  to  the  condi- 
tion which  he  would  have  to  face  were  he  to  build  a  rival  plant,  rather 
than  to  buy  an  existing  plant.  Such  is  the  case  when  a  city,  desiring 
to  duplicate  a  public  utility,  rather  than  to  purchase  the  existing 
property,  overlooks  or  willfully  neglects  the  fundamental  economic 
conditions  which  it  must  meet,  assuming  that  a  reproduction  of  the 
physical  property  is  all  that  is  necessary,  without  allowance  for  going 
value.  Under  such  circumstances  the  property  is  reproduced  under 
competitive  conditions  (contrary  to  the  non-competitive  fundamental 
hypothesis  of  the  "comparative"  method),  which  inevitably  builds  up  the 
going  value  to  large  proportions.  This  has  been  the  actual  experience 
of  certain  cities  such  as  Mobile,  Ala.,  Sioux  Falls,  S.  Dak.,  Newark, 
Ohio,  and  others. 

The  general  theoiy  of  going  value  conforms  strictly  to  the  repro- 
duction cost  theory,  and  makes  no  assumption  as  to  what  the  existing 
plant  should  earn  on  its  investment,  but  is  based  on  the  actual  past 
return  derived  by  the  existing  plant  and  the  probable  return  in  the 
immediate  future. 

Furthermore,  the  results  obtained  by  the  application  of  this  com- 
parative method  appear  to  comport  with  the  range  of  going  values, 
common  in  enterprises  of  this  sort. 

Principal  Factors  Affecting  Going  Value. 

What,  it  may  be  asked,  are  the  factors  most  aifecting  going  value? 

In  the  comparative  method,  aside  from  the  relative  gross  earnings, 
and  operating  and  maintenance  expenses,  the  factors  influencing  most 
the  magnitude  of  the  going  value  are: 

1.  The  period  of  construction  required  for  building  the  assumed 

new  hypothetical,  or  comparative  plant; 

2.  The  going  value  development  period,  or  the  period  from  the  date 

of  taking  to  the  time  at  which  it  is  assumed  that  the  compara- 
tive plant  may  overtake  the  growing  business  of  the  existing 
plant ; 
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3.  The   rate   of   acquisitiou   of  iiiconie   by   the  comparative   plant, 

during  the  going  value  development  period;  that  is,  from  the 
date  of  taking  to  the  time  when  the  comparative  plant  is 
assumed  to  have  reached  the  same  stage  of  development  of 
business  as  the  existing  plant; 

4.  The  stage  of  development  of  the  existing  plant ;  that  is,  vphether 

it  may  be  said  to  be  in  a  condition  where  its  income  is  truly 
commensurate  with  the  degree  of  development  of  its  physical 
plant,  instead  of  being  either  over-built  or  under-built; 

5.  The  difference  in  annual  depreciation  charges  assumed  for  the 

two  plants; 
G.  The   rate  of  return   on  the  unemployed  capital   to  be  used   in 
building  the  comparative  plant,   estimated   as  reasonable  for 
capital  which  must  be  kept  in  a  readily  convertible  form  for 
application  to  construction. 

Period  of  Construction. — The  period  and  rate  of  construction  of  any 
comparative  plant  will  be  determined  by  the  ability  to  plan  and  build 
wisely  and  economically.  Experience  has  shown  that,  except  in  cases 
where  the  work  is  so  scattered  as  to  make  possible  its  subdivision  into 
a  large  number  of  contracts,  the  annual  expenditure  of  a  sum  in 
i!xcess  of  $1  000  000  is  not  an  easy  matter.  On  the  other  hand,  it  must 
be  admitted  that  the  desire  to  earn  a  return  on  the  investment  at  the 
earliest  possible  moment,  constitutes  a  strong  incentive  to  push  the 
work  to  completion  as  rai)idly  as  possible,  after  its  inception. 

Order  of  Construction. — The  order  of  construction  will  be  influenced 
largely  by  the  desire  for  the  early  development  of  income,  and  it  is 
even  reasonable  to  assume  in  some  cases  that  temporary  structures 
may  be  built,  with  this  end  in  view,  and  abandoned  after  the  comple- 
tion of  the  permanent  plant.  The  recent  experience  in  building  the 
water-works  for  the  new  city  of  Gary,  Ind.,  furnished  a  striking 
example  of  this,  for  there  some  temporary  pipe  lines,  temporary  wells, 
and  a  temporary  pumping  plant  were  built  to  serve  the  city  during  the 
construction  of  the  permanent  water-works.  These  temporary  struc- 
tures were  afterward  abandoned,  but  tliey  liad  served  not  only  the 
economical  purpose  of  making  more  convenient  the  work  of  the 
builders  of  this  magic  city,  but  also  of  reducing  the  cost  of  the  going 
value  of  its  water-works. 
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Going  Value  Development  Period. — Obviously,  the  longer  the 
period  assumed  as  necessary  for  the  development  by  the  comparative 
plant  of  the  growing  business  of  the  existing  plant,  the  greater  will  be 
the  going  value  of  the  existing  plant.  The  effect  of  this  factor  is  less 
marked  than  that  of  the  rate  of  acquisition  of  income  during  this 
period,  for  the  reasons  that  the  differences  in  income  decrease  rapidly, 
and  that  the  going  value  is  not  determined  by  taking  the  sum  of  the 
annual  differences  in  net  income,  but  of  their  present  worths  brought 
back  to  the  date  of  taking  or  valuation,  and  the  present  worth  factors 
become  less  and  less  as  the  period  of  years  required  for  the  development 
increases. 

The  past  history  of  water-works,  many  of  which  were  built  during 
the  Eighties,  is  not  a  fair  criterion  for  the  period  required  for  the 
acquisition  or  development  of  business  by  water-works  to-day,  prin- 
cipally for  the  reason  that  the  public  is  now  educated  to  higher 
standards  of  living,  and  to  the  use  of  water  under  pressure,  which 
would  result  in  much  more  rapid  development  of  income  by  water- 
works now  than  formerly.  While  some  have  urged  that  a  water 
company  is  entitled  to  be  credited  with  the  cost  involved  in  educating 
the  public  up  to  modern  standards,  was  not  this  cost  rather  in  the 
nature  of  an  operating  cost,  than  of  a  capital  expenditure,  inasmuch 
as  this  advantage  immediately  accrues,  without  cost,  to  any  new- 
comer in  the  field,  and  cannot  be  held  as  a  monopoly  or  asset  by  the 
existing  company?  It  is  usually  assumed,  therefore,  that  the  public 
is  educated  to  the  use  of  water,  and  that  the  cost  of  that  education  is 
lost  to  the  existing  plant. 

Rate  of  Acquisition  of  Income. — The  rate  of  acquisition  of  business 
by  a  comparative  plant  is  of  the  greatest  importance,  and  especially 
so  is  the  rate  of  development  assumed  for  the  first  two  or  three  years 
of  its  operation. 

Several  theories  bearing  on  the  rate  of  acquisition  of  the  business 
of  the  existing  plant  in  the  comparative  method  have  been  advanced, 
the  most  important  of  which  are  as  follows : 

(1)  The  theory  that  as  soon  as  a  portion  of  the  comparative  plant 
is  completed,  the  portion  of  the  existing  plant  corresponding  to  it  goes 
out  of  use. — Thus  when  the  first  stretch  of  distribution  pipe  system 
is  laid,  after  the  completion  of  the  water  supply  system,  the  correspond- 
ing part  of  the  existing  company's  system  is   assumed  to  be  out  of 
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service.  The  abutters  on  this  pipe  line  have  then  the  option  of  taking 
water  from  the  new  company,  or  of  making  other  arrangements  for 
ulitaiuing  their  own  supply. 

Obviously,  under  such  a  drastic  assumption,  logical,  but  purely 
hypothetical,  the  rate  of  acquisition  of  business  would  depend  sub- 
stantially on  the  rate  of  construction  of  the  plant,  and,  in  the  business 
section  of  the  city  at  least,  the  income  of  the  existing  company  would  be 
derived  by  the  comparative  company  very  rapidly.  In  residential 
portions  of  the  city,  it  is  conceivable  that  the  existence  of  wells  and 
other  facilities  for  obtaining  water  might  result  in  a  slower  rate  of 
acquisition  of  business. 

(2)  The  theory  that  on  the  date  of  valuation,  or  taking,  the  exist- 
ing company  is  notified  that  the  city  will  build  a  new  plant  to  replace 
the  old,  and  that  on  the  completion  of  the  new  system,  the  franchise 
and  contract  rights  of  the  old  company  will  be  terminated. — Under 
such  an  assumption,  the  income  of  the  old  company  would  be  much 
more  gradually  developed  by  the  new  company,  than  under  the  first 
theory,  as  many  takers  would  continue  to  support  the  old  company,  as 
long  as  it  was  in  business.  Many  of  the  old  takers,  however,  would 
connect  with  the  new  company's  mains  and  give  up  the  old  supply. 

(3)  The  theory  that  the  community  now  being  served  by  the  existing 
plant  is  without  public  water  supply,  and  has  never  enjoyed  the  service 
of  water-works. — Under  such  an  assumption,  substantially  no  service 
connections  exist,  and  only  those  houses  have  water-works  and  plumb- 
ing fixtures  as  are  assumed  to  have  had  their  own  individual  water 
supplies.  In  substance,  therefore,  it  is  assumed  that  the  comparative 
or  starting  plant  is  built  in  a  new  field,  though  the  people  of  the  com- 
munity are  assumed  to  be  educated  to  the  value  of  public  water 
service  under  pressure,  and  may  reasonably  be  expected  to  make  con- 
nections with  the  mains  of  the  comparative  company  and  take  water. 
therefrom,  as  soon  as  they  can  prepare  their  houses  for  it.  While  this 
theory  recognizes  that  the  education  of  the  public  to  the  advantages  of 
a  public  water  supply  has  cost  the  existing  company  a  substantial 
amount,  it  does  not  recognize  that  this  cost  should  accrue  to  the 
company  as  an  asset  which  it  can  hope  to  retain. 

(4)  The  theory  that  the  limiting  rate  for  the  acquisition  of  busi- 
ness by  the  comparative  company  is  the  speed  with  which  service  con- 
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nections  can  be  made  and  pumping  fixtures  introduced. — This  theory 
has  little  to  commend  it  logically. 

It  will  be  observed  that  under  none  of  these  theories  is  the  com- 
petitive theory  developed;  and  with  reason,  for  such  an  assumption 
would  imply  conditions  entirely  foreign  to  those  under  which  the 
existing  company,  the  going  value  of  which  is  under  determination, 
is  operating,  and  would  therefore  not  be  a  correct  gauge  or  standard 
for  determining  its  going  value.  Moreover,  whether  the  danger  of 
competition  be  eliminated  by  the  character  of  the  franchise,  or  whether 
it  be  prevented  by  the  strength  of  the  position  of  the  existing  com- 
pany, or  by  the  past  experience  of  cities  which  have  built  competitive 
water-works,  the  water-works  business  in  a  large  community  is  in  fact 
virtually  a  controlled  monopoly,  and  the  best  interests  of  the  public 
dictate  that  this  should  be  so.  It  might  be  added  that  control  by  an 
intelligent  and  honest  public  service  commission  is  to  be  preferred, 
alike  from  the  quasi-municipal  corporation's  point  of  view  and  that  of 
the   public,   which   it  serves. 

M G mentary  Stage  of  Development  of  Old  Plant. — The  going  value 
of  the  existing  plant  will  be  somewhat  aifeeted  by  the  relative  stage  of 
its  financial  development,  or  amount  of  its  income,  as  compared  with 
its  momentary  physical  development.  It  must,  therefore,  be  noted 
whether  the  existing  plant  is  in  what  might  be  termed  a  "normal 
condition"  or  ratio  of  earnings  to  value  of  property,  or  whether  it  is 
in  effect  "over-built"  or  "under-built";  that  is,  whether,  on  the  one 
hand,  the  company  has  recently  incurred  construction  expenses  in 
improving  its  facilities  to  which  its  income  has  not  yet  grown,  or,  on 
the  other  hand,  has  failed  to  make  necessary  improvements  to  keep  the 
plant  in  first-class  condition,  thoroughly  up  to  modern  standards  and 
the  reasonable  needs  of  the  community  which  it  serves. 

Thus,  one  may  recognize  three  conditions  in  which  a  plant  may 
find  itself: 

(1)  That  of  the  "over-built  plant,"  which  finds  itself  in  a  position 
unable  to  earn  operating  and  maintenance  expenses,  depreciation,  and 
full  interest  charges  and  return  upon  its  value,  as  a  result  of  recent 
heavy  capital  or  construction  expenditures,  unless  perchance  the 
return  earned  on  the  value  of  the  plant  prior  to  these  construction 
expenditures  was  so  unreasonable  as  to  make  the  rate  reasonable  when 
the    return    is    applied    to    the    greater    capitalization.      In    the    final 
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analysis  of  value,  weight  sliould  be  given  to  tliis  condition  of  the  over- 
liuilt  plant,  as  well  as  to  the  past  financial  history  of  the  company  and 
existing  conditions  wliieli  may  bear  on  the  ability  of  the  company  to 
grow  in  income  to  the  new  capitalization;  but  it  cannot  be  recognized 
in  computing  the  cost  of  reproducing  the  income,  or  going  value,  of 
the  existing  plant. 

(2)  That  of  the  "normally  developed  plant,"  in  which  the  financial 
return  is  commensurate  with  the  value  of  the  property  and  the  security 
or  hazard  of  the  business. 

(3)  That  of  the  "under-built  plant,"  the  physical  condition  of 
which  is  obviously  below  a  reasonable  standard  for  the  community 
which  it  serves,  in  which  it  is  fair  to  assume  that  the  existing  net 
income  will  be  substantially  reduced  by  the  expenses  incident  to  the 
additional  capital  expenditures  required  to  bring  the  plant  to  a  rational 
standard  of  water-works  construction  or  service.  Here,  again,  the  past 
history  and  present  conditions,  referred  to  above,  are  of  importance. 

Effect  of  Difference  in  Annual  Depreciation  Charges. — As  regards 
the  effect  on  going  value  of  the  relative  annual  depreciation  estimated 
for  the  two  plants,  it  is  reasonable  to  assume  depreciation  to  begin, 
in  the  case  of  the  new  comparativ^e  plant,  on  the  completion  and 
beginning  of  operation  of  its  several  component  parts,  which  con- 
stitute workable  units.  In  the  case  of  a  small  plant,  requiring  not 
more  than  one  year  for  construction,  the  contribution  to  the  deprecia- 
tion account  or  fund  will  not  begin  until  the  end  of  the  first  year  after 
the  completion  of  the  construction  of  the  entire  comparative  plant.  In 
the  case  of  a  large  plant— such,  for  instance,  as  that  in  which  a  period 
of  construction  of  from  5  to  10  years  would  be  required — it  is  reason- 
able to  assume  that  contributions  shall  be  made  to  a  depreciation  fund 
by  the  several  portions  of  the  plant  as  they  are  completed  and  put  into 
operation;  thus,  assuming  that  a  driven-well  system,  or  pond  intake, 
and  a  portion  of  the  distribution  pipe  system  had  been  completed  as 
rapidly  as  possible,  in  the  interest  of  developing  an  early  income, 
depreciation  should  be  charged  to  these  portions  of  the  plant  on  their 
completion  and  use,  without  waiting  for  the  final  completion  of  the 
entire  plant,  which  might  follow  several  years  later. 

The  Bate  of  Return  on  Unemployed  Capital. — The  reasonable  rate 
of  return  on  the  unemployed  capital,  which  the  builder  of  the  compara- 
tive plant  is   assumed  to  have  in  hand,  has  already  been  discussed. 
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From  3^  to  4%,  more  or  less,  was  assumed  to  constitute  a  reasonable 
return,  in  the  eastern  part  of  the  United  States,  on  capital  invested 
in  sound,  readily  convertible  securities,  and  2%,  or  thereabouts,  on 
full  calendar  months,  on  unemployed  capital  carried  on  deposit  in  the 
bank  subject  to  draft  at  all  times  during  the  course  of  the  year. 
The  obvious  effect  of  the  magnitude  of  the  rate  of  return  on  the 
unemployed  capital  is  to  reduce  the  going  value  of  the  existing  plant. 
The  higher  the  possible  return  on  such  convertible  investment,  the 
lower  the  going  value. 

Comparison   of   Conditions   of    Operation    of   Existing    and 
Comparative  Plants. 

In  making  comparison  between  the  operations  of  the  existing  and 
the  comparative  plants  there  must  be  considered: 

(1)  The  relative  income  derived  both  from  public  and  private 
sources ; 

(2)  The  relative  operation  and  maintenance  expenses;  and,  under 
this  item,  taxes  and  repairs  are  to  be  included,  as  well  as  the 
other  items  generally  covered  by  the  operation  and  mainte- 
nance accounts,  omitting  interest  or  return  on  capital  in- 
vested in  plant; 

(3)  The  relative  depreciation; 

(4)  The  relative  net  revenue. 

In  determining  the  financial  operations  of  the  existing  plant  during 
the  going  value  development  period  of  the  comparative  plant,  the  past 
financial  history  and  the  conditions  under  which  the  plant  is  to  operate 
must  be  analyzed  carefully. 

In  determining  the  corresponding  figures  for  the  comparative  plant, 
due  weight  must  be  given  to  the  studies  made  of  the  operation  of  the 
existing  plant,  as  well  as  of  the  conditions  surrounding  the  comparative 
plant.  The  net  reproduction  cost  estimate  of  the  existing  plant  (after 
deducting  accrued  depreciation)  will  determine  the  construction  cost 
to  be  assumed  for  the  comparative  plant. 

Limit   of    Capital    Account    Charge    for    Interest    During 
Construction. 

In  the  construction  cost  of  the  comparative  plant,  as  of  the  existing 
plant,  there  must  be  included  an  allowance  for  loss  of  interest  during 
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construction  quite  independent  from  the  interest  "return"  which  will 
1 10  earned  later  on  the  property  of  the  company. 

This  apparent  duplication  of  interest  has  been  the  source  of  some 
confusion  in  the  minds  of  those  wlio  approach  this  subject  for  the  first 
time.  It  will  clear  up  the  seeming  paradox,  however,  to  remember  that 
interest-during-construction  payments  are  inevitable  in  all  projects; 
they  cannot  be  avoided ;  they  constitute  a  forced  expenditure,  alike 
with  the  cost  of  the  bricks  and  mortar,  the  pipes  and  the  pumps,  and 
cannot  be  recovered  in  any  way  except  by  addition  to  capital  account 
or  floating  debt.  Interest  during  construction,  therefore,  is  logically 
not  a  "return"  or  income  in  any  such  sense  as  one  speaks  of  return,  in 
comparisons  for  determining  going  value,  but  essentially  a  construc- 
tion cost.  The  confusion  has  resulted  only  because  the  word  "interest" 
has  a  different  significance  in  the  two  cases. 

The  dividing  line  between  interest  chargeable  to  the  item  "interest 
loss  during  construction,"  which  is  added  to  construction  cost,  and 
"interest"  which  is  return  on  the  investment  of  the  company,  is  drawn 
at  the  point  where  the  several  parts  or  units,  making  up  the  plant  as  a 
whole,  are  completed  and  put  into  operation,  and  thus  begin  to  earn 
some  income  or  return,  instead  of  being  a  dead  load  to  the  company. 
On  the  other  hand,  it  must  be  borne  in  mind  that  the  plant  cannot  be 
expected  to  earn  the  full  amount  of  the  fixed  charges,  in  addition  to 
operating,  maintenance,  and  depreciation  charges,  immediately  on 
beginning  the  operation  of  the  several  parts  of  the  plant,  and  that  the 
losses  during  such  formative  period  must  therefore  be  carried  to  capital 
account,  through  going  value,  in  precisely  the  same  way  that  interest 
during  construction  must  be  carried  to  construction  account.  There 
is  no  other  means  of  compensating  the  builder  or  investor  for  these 
early  losses. 

It  would  be  as  unfair  to  the  owners  of  the  public  service  corpora- 
tion to  fail  to  permit  them  to  recover  these  early  losses,  as  to  make  the 
public  pay,  through  the  agency  of  the  rates,  an  annual  return  forever 
after  the  completion  of  the  works,  on  excessive,  wasteful,  and  foolish 
construction. 

It  is  clear,  therefore,  that,  after  operation  has  begun,  the  early 
losses  in  interest  on  the  investment  or  value  of  the  plant  form  a  con- 
siderable part  of  the  going  value,  and  that  loss  of  interest  during 
construction,  up  to  the  point  of  operation,  must  be  credited  to  capital 
account  as  a  construction  expense. 
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Application  of  Principles  Outlined. 
Assumptions  as  to  Existing  Plant. — For  the  sake  of  illustration, 
and  to  make  clear  the  principles  which  have  been  discussed,  the  writers 
have  assumed  a  typical  case  in  order  to  show  the  steps  necessary  to 
determine  the  going  value  of  a  large  property  on  the  comparative 
method  herein  outlined. 

ASSUMED  ANNUAL  GROSS  INCOME,  OPERATING 

EXPENSES  AND  NET  INCOME 

FOR  EXISTING  AND  COMPARATIVE  PLANTS 

1910 

1913   1914   1915   1916    1917   1918   1919   1920 


1910   1911   1912 

$1500000 


1921   1923   1923 


^  1911  /1912   1913   1911   1915   1910   191"   1918   1919   1920   1921   1922   1923 

Fig.  1. 

The  plant  which  has  been  taken  for  illustration  is  an  imaginary 

one,  supposed  to  serve  a  population  of  300  000  persons,  but  care  has 

been   taken  to  make   the  data   consistent   and  conformable  to  figures 

found  in  operation.     This  statement  is  made,  however,  that  the  reader 
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may  not  be  misled  into  supposing  that  the  figures  have  been  copied 
directly  from  the  report  of  any  public  or  private  water-works. 

In  Fig.  1  is  shown  a  forecast  of  the  assumed  probable  gross  annual 
income,  net  annual  income  (excluding  depreciation  and  fixed  charges), 
and  operating  expenses  (excluding  depreciation  and  fixed  charges),  of 
the  assumed  plant,  called  "the  existing  plant,"  which  is  supposed  to  be 
based  on  the  past  financial  history  of  such  plant,  and  the  assumptions 
contained  in  Table  1. 

TAELE    1. — General    Statistics    Relating    to    Assumed 

Water-Works   Plant. 

"The  Existing  Plant." 


Year  ending  December  31st. 


Population 

Miles  of  pipe,  all  kinds 

Population  per  mile  of  pipe 

Taps  in  service  (live ) 

Per  1  (K)0  population , 

Per  mile  of  pipe 

Persons  per  tap 

Consumption,  annua!,  in  millions  of  gallons. 

Daily,  in  millions  of  gallons 

Per  capita,  in  t;all"iis  per  day 

Per  mile  of  pipe,  in  gallons  per  day 

Per  tap,  in  gallons  per  day 

Hydrants  (  niunbei- 1 

Per  1  (Hill  iK)pulatiou 

Per  mile  of  pipe 


Gross  income  (total) 

Per  capita 

Per  mile  of  pipe 

Per  tap 

Per  million  gallons  consumption. 


Gross  income,  exclusive  of  hydrant  rentals. 

Per  capita 

Per  ni ile  of  pipe 

Per  tap 

Per  mdlion  gallons 


Cost  of  operation,  exclusive  of  fixed  charges 

and  depreciation 

Per  capita 

Per  mile  of  pipe , 

Per  tap 

Per  million  gallons 

Percentage  of  gross  income 


Net  income,  exclusive  of  fixed  charges  and 

depreciation 

Per  capita 

Per  mile  of  pipe 

Per  tap 

Per  million  gallons 

Percentage  of  gross 


Hydrant  rental  (total) 

Per  hyrlrant 

Per  mile  of  pipe 

Taxes  (annual) 

Percentage  of  gross  income. 


1910. 


300  000 

480 

fi35 

40  000 

133 

83 

7.5 

10  950 

30 

100 

62  500 

75(1 

3  840 

12.8 

8 


050  000 

3.50 
2  190 
26.25 
95.90 


$896  400 

2.99 
1  870 
23.40 
81.90 


$360  000 

1.20 

750 

9.00 

32.90 

34.3% 


$690  000 

2.30 

1  440 

17.25 

63.00 

65.7% 


$153  600 

40 

380 

84  000 


1915. 


330  000 
520 
635 
45  000 
i:i6 
86 
7.3 
13  250 
36.3 
110 
69  800 
807 
4  420 
13.4 
8.5 


190  000 

3.61 
2  290 
26.40 
89.90 


013  200 

3.07 
1  950 
22.. 50 
76.50 


$403 


000 

1.22 

773 

8.94 

.30.30 

33.8% 


$788  000 

2.39 

1  510 

17.50 

.59.40 

66.20/0 


$176  800 

40 

340 

95  200 


1920. 


365  000 

570 

640 

51  000 

140 

88 

7.16 

15  980 

43.8 

120 

76  900 

8.-)9 

5  130 

14 

9 


296  000 

3.. 55 
2  370 
25.40 
81.10 


193  320 

3.26 
2  090 
33.40 
74.60 


$430  000 

1.18 

754 

8.44 

26.90 

33.20/0 


$866  000 

2.37 

1  520 

16.97 

•54.20 

66.8% 


$205  200 

40 

360 

103  680 


8% 


Note. — The  units  have  been  computed  by  slide-rule. 
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It  is  further  assumed  that  the  investment  in  the  physical  part  of 
the  existing  plant  amounted  to  $8  GOO  000. 

The  problem,  therefore,  consists  in  determining:  first,  the  interest 
loss  during  construction,  and  second,  the  going  value. 

Date  of  Valuation. — The  valuation  of  this  plant  is  assumed  to  be 
made  as  of  January  1st,  1910. 

Construction  Period  Required. — It  is  assumed  that  a  period  of 
6  years — say  from  1910  to  1916 — would  be  reasonably  required  to  build 
a  new  comparative  plant  identical  with  the  existing  plant,  as  of  the 
date  of  taking  in  1910. 

Going  Value  Development  Period. — It  is  assumed  that  a  period  of 
10  years  (or,  in  other  words,  4  years  in  addition  to  the  period  of  con- 
struction) will  be  required  by  the  comparative  plant  to  develop  an 
income  identical  with  that  of  the  existing  plant. 

Beginning  of  Operation. — In  spite  of  the  fact  that  a  6-year  period 
has  been  assumed  to  be  required  to  build  the  comparative  plant,  it  is 
assumed  that  a  prudent  investor  would  plan  his  order  of  construction 
so  as  to  make  available  at  the  earliest  possible  moment  certain  parts  of 
the  comparative  plant,  such  as  the  water  supply  and  distribution  pipe 
system,  so  that  the  latter  could  be  put  into  commission  and  become  a 
source  of  revenue  at  as  early  a  date  as  practicable.  Obviously,  the 
magnitude  of  the  interest  charges  on  the  comparative  plant,  during 
the  construction  period,  would  be  a  strong  incentive  to  such  a  course 
of  action. 

Character  of  Plant  and  Order  of  Construction. — For  purposes  of 
illustration,  it  is  assumed  that  the  plant  under  question  consists  of  a 
pond  or  driven-well  supply,  of  limited  extent,  supplemented  by  a 
filtered  river-water  supply  derived  through  large  impounding  or  storage 
reservoirs,  involving  the  construction,  not  only  of  a  filter  plant,  but  of 
expensive  impounding  reservoirs,  dam,  and  conduits,  two  pumping 
stations,  one  to  care  for  the  small  pond  or  driven-well  supply,  the  other 
to  care  for  the  main  supply  from  the  impounding  reservoirs. 

The  assumed  order  of  construction  is  shown  in  Table  2,  grouped 
under : 

1.  Distribution  pipe  system; 

2.  Pond  or  driven-well  supply,  and  sterilizing  plant,  with  pumping 

station ; 

3.  Filter  plant,  conduits,  etc. ; 
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4.  Pumping  station  for  enlarged  supply   and  extension  of  same 

after  the  year  1913  by  the  installation  of  additional  pumping 
units; 

5.  Storage  dam  and  impounding  reservoirs. 

The  real  estate,  water  rights,  and  rights  of  way  are  assumed  to  be 
distributed  in  the  several  divisions  to  which  they  appertain. 

^The  cost  of  engineering  and  contingencies  is  also  included  under 
the  several  individual  items  cited  above. 

The   interest  during  construction,  however,   as   well   as   the   going 
value,  remains  yet  to  be  determined. 

TABLE  2. — Interest  During  Construction  and  Progressive  Amount 

OF  Investment. 

"The  Comparative  Plant." 


Date. 

o. 
■p. 

Il 

3  to 

00 

3 

(3) 

Pond  ordriven- 
well  supply, 
CM    sterilizing  plant 
"■      and  pumping 
station. 

■SO 

TO      ^ 

■5.2 
fe  = 
r2  a 
fa  c 

(4) 

Pumping  station 
^  for  enlarged  sup- 
—  ply  and  extension 
of  same. 

be 

ill 

be  0,1- 
03  d  ai 
t-  E  <« 

s 
(6) 

Total  Net  Physical 

Value,  Exclusive  of 

Going  Value  and 

Interest  During 

Construction. 

(1) 

During 
year. 

(7) 

To  date. 
(8) 

January  1st,  1910. 

$400  000 
900  000 
900  000 
900  000 
800  000 
500  000 

$400  000 
300  000 

$800  000 

1  700  000 

2  100  000 
1900  000 
1  300  000 

800  000 

January  1st,  1911. 
January  1st.  1913. 

$300  000 
500  000 
300  000 

$100  000 
400  000 
300  000 
200  000 
100  000 

$100  000 
300  000 
400  000 
300  000 
200  000 

$800  000 
2  500  000 

January  1st,  191.S. 

4  600  000 

January  1st.  1914. 

6  500  000 

January  1st,  1915. 

7800  000 

January  1st,  1910. 

8  600  000 

Totals 

$4400  000 

$700  000 

$1100  000 

$1100  000 

$1300  000 

$8  600  000 

Beginning  of  Operation  of  Different  Portions  of  Comparative 
Plant. — It  is  assumed  that  by  January  1st,  1912,  the  small  supply 
from  pond  or  driven-wells  will  be  available.  The  filter  plant  and 
main  pumping  station  is  assumed  to  be  completed  and  ready  for  ser- 
vice as  of  January  1st,  1914,  the  additional  pumping  units  installed 
thereafter  being  ready  for  service  between  January  1st,  1915  and  1916. 
It  is  assumed  that  on  or  about  January  1st,  1915,  the  storage  dam 
and  impounding  reservoirs  can  be  put  into  service,  though  not  finally 


176 


THE  GOING   VALUP]  OF  WATER-WORKS 


[Papers. 


completed  until  January  1st,  1916,  and  that  the  pipe  distribution  sys- 
tem built  in  any  year  is  available  for  service  the  following  year. 

Loss  of  Interest  During  Construction. — In  Table  3  has  been  com- 
puted the  loss  of  interest  during  construction  on  this  plant,  based 
directly  on  the  assumptions  made  as  to  the  order  of  construction 
shown  in  Table  2  and  the  discussion  following,  and  on  the  further 
assumption  that  the  dividing  line  for  the  charges  for  loss  of  interest 
on  construction  account  and  on  operating  account  is  drawn  at  the 
point  of  completion  and  putting  into  service  of  any  revenue-producing 
unit  of  the  plant. 

TABLE   3. — Comparative  Plant. 
Interest  During  Construction. 


Date. 


(I) 


1910-1911 . 

1912 

1913 

1914 

1915 

1916 


Total  Net  Physical 

Value,   Exclusive    of 

Going  Value  and 

Interest  During 

Construction. 


During 
year. 

(2) 


$800  000 

1  700  000 

2  100  000 
1  900  000 
1  300  OOO 

800  000 


To  date, 

December 

3Ist. 

(3) 


$800  000 
2  500  OOO 
4  tiOO  000 

6  500  000 

7  800  000 

8  000  000 


Average 
amount  on 

which 
interest  is 
chargeable 
tor  one 
full  year 
to  capital 
account. 

(4) 


$400  000 
1  650  000 

1  550  000 

2  650  000 
1  450  000 

500  000 


Interest  on 

amounts  in 

Column  4 

at  m'o. 


(5) 


$24  000 
99  000 
83  000 

159  000 
87  000 
30  000 


Total  Net  Physical 

Value  and  Interest 

during  Construction, 

Exclusive  of 

Going  Value. 


During 
year. 

(6) 


$824  000 

1  799  000 

2  183  000 
2  059  000 
1  387  000 

830  000 


To  date. 

(7) 


$824  000 
2  623(100 
4  80(10110 
6SCi5()(MI 

8  252  (1(10 

9  082  OUO 


Total  allowance  for  lost  interest-during-construction 

item $482  000 


Thus,  loss  of  interest  during  construction  is  allowed  on  the  average 
amount  of  investment  during  the  year  1910  at  the  rate  of  6%,  on 
the  assumption  that  the  work  built  during  that  year  cannot  be  revenue 
producing  until  after  the  year  1911,  pending  completion  of  the  water- 
supplying  works.  Similarly,  interest  is  allowed  during  the  year  1911, 
not  only  on  the  investment  during  the  year  1910,  but  on  the  investment 
during  the  year  1911.  After  January  1st,  1912,  however,  the  interest 
on  the  investment  in  pond  or  driven-well  supply  is  assumed  to  be 
charged  to  operating  cost  as  fixed  charges,  and  not  to  capital  account 
under  the  head  of  interest  lost  during  construction,  for  the  reason  that 
it  is  assumed  that  this  portion  of  the  plant,  being  available  through 
the  agency   of   the  pond   or   driven-well   supply   and   the   distribution 
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pipe  system  built  up  to  that  dote,  is  now  in  the  revenue-producing: 
class.  Similarly,  interest  lost  during  construction  is  charged  to  capital 
account  on  the  filter  plant,  during  the  years  1912  and  1913,  and  there- 
after to  the  operating  account  as  fixed  charges,  for  the  reason  that 
the  filter  plant  is  assumed  to  be  in  revenue-producing  operation  after 
January  1st,  1911,  when  it  is  assumed  to  have  been  completed,  although 
the  water-works  plant  as  n  whole  is  not  assumed  to  be  finished  until 
January  1st,  191G. 

New  Consti-uction  in  Going  Value  Development  Period  Ignored. — 
No  consideration  is  taken  of  the  new  construction  required  during 
the  construction  and  going  value  development  period,  1910  to  1920, 
for  the  reason  that,  whatever  profit  or  loss  is  involved  thereby  accrues 
alike  to  both  plants  in  the  comparative  method,  and  so  has  no  effect  on 
the  going  value   under   determination. 

Operations  op  Existing  Plant. 

In  Table  4  are  shown  the  assumed  operating  statistics  for  the 
existing  plant. 

TABLE  4.— Existing  Plant. 
•Annual  Income  and  Expense. 


Year  ending 

December 

31st., 

(1) 

Gross  income. 

(2) 

Operation, 

maintenance, 

and  taxes. 

(3^ 

Net  income. 

exclusive  of 

depreciation 

and  fixed 

charges. 

(4) 

Depreciation. 
(S) 

Net  income 
applicable 

to  fixed 
charges  and 
dividends. 

(6) 

1910 

81  a5o  oco 

1  080  000 
1  110  000 
1  140  000 
1  165  000 
1  190  000 
1  213  000 
1  235  000 
1  255  000 
1  275  000 
1296  000 

$360  000 
370  000 
380  000 
388  000 
395  000 
402  000 
409  000 
414  0(X) 
420  000 
425  000 
430  000 

$090  000 

710  mo 

73(1  (too 
752  0(K) 
770  (100 
788  0(K) 
8(U  000 
821  000 
835  OtK) 
850  000 
866  000 

$90  000 

91  000 

92  000 

93  000 

94  000 

95  OOO 
90  0(X) 

97  000 

98  000 

99  (HK) 
100  000 

$600  000 

1911 

1912 

619  000 
6:-}8  000 

1913 

659  000 

1914 

676  000 

1915 

693  000 

1916 

708  000 

1917 

724  000 

1918 

737  000 

1919 

751  OOO 

1920 

766  000 

Operations  of  Comparative  Plant. — In  Table  5  are  shown  the  as- 
sumed financial  operations  of  the  new  comi)arative  hypothetical  plant, 
without  allowances  for  the  income  from  unemployed  capital. 

Income  on  Unemployed  Capital. — In  Table  6  is  shown  the  first 
trial  computation  relating  to  the  income  on  unemployed  capital.  It 
will  be  remembered  that   it   was  suggested   that,   in   this  method  of 
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computing  going'  value,  one  should  consider  himself  at  the  parting 
of  the  ways,  with  an  amount  of  capital  in  hand  sufficient  to  buy  the 
existing  plant — covering  in  the  cost  thereof  the  value  of  the  physical 
plant,  interest  during  construction,  going  value,  and  franchise  value — 
and  follow  through  the  steps,  relating  to  investment  in  the  com- 
parative plant,  which  the  capitalist  would  take,  and  the  return  which 
he  would  get  in  the  form  of  interest  on  his  unemployed  capital. 

TABLE  5. — Comparative  Plant. 

Annual   Income  and  Expense. 

(From  Operation,  Exclusive  of  Interest  on  Unemployed  Capital.) 


Depre( 

lATION. 

Net  income 

Year  eadius 

Gross 

Operation. 

applicable  to 

December 

maintenance, 

fixed 

31st. 

and  taxes. 

Sum  on  wliich 

Amount 

charges  and 

it  is  based. 

at  lo/o. 

dividends. 

(I) 

(a) 

(3) 

(4) 

(5) 

(6) 

1910 

$50  666 

$118  666 

1911 

$68  000 

1913 

195  000 
385  000 

lfl5  000 
255  000 

'$21000 

0 

1913 

$2  123  000 

109  000 

1914 

5T5  000 

305  000 

3  10(3  000 

31  000 

239  000 

1915 

760  000 

344  000 

6  065  000 

61000 

365  000 

1916 

933  000 

372  000 

7  152  000 

71000 

480  000 

1917 

1  063  000 

394  000 

9  083  000 

.  91  000 

578  000 

1918 

1  175  000 

410  000 

9  082  000 

98  000 

667  000 

1919 

1  350  000 

423  000 

9  082  000 

99  000 

729  000 

1920 

1  296  000 

430  000 

9  082  000 

100  000 

766  000 

Let  it  be  assumed  that  he  could  place  idle  funds  at  a  4%  rate, 
except  as  to  the  funds  required  for  the  year's  construction,  on  which 
the  bank  rate  of  interest  is  assiimed  to  be  2  per  cent.  For  simplicity, 
let  it  be  further  assumed  that  on  the  money  expended  during  one 
year,  6  months'  interest  at  2%  can  be  obtained  from  the  bank  cor- 
responding to  a  2%  rate  on  bank  balances  during  the  year. 

Obviously,  the  first  difficulty  with  which  one  is  confronted  is  that 
the  going  value  has  not  yet  been  computed.  The  comparative  physical 
plant  was  assumed  to  have  a  value  of  $8  600  000 ;  the  loss  of  interest 
during  construction  was  found,  by  Table  3,  to  amount  to  $482  000;  the 
total  investment  in  physical  plant,  including  loss  of  interest  during 
construction  in  the  assumed  existing  plant  and  hence  also  in  the 
comparative  plant,  is  therefore  $9  082.  The  going  value,  however, 
is  not  yet  known,  and,  therefore,  must  be  determined  by  a  series  of 
approximate  computations.  The  franchise  is  assumed  herein  to  have 
nominal  value  only. 
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As  a  first  trial,  assume  a  going  value  of  $1 800  000.  Under  this 
assumption,  the  total  value  (or  cost  to  the  investor)  of  the  existing 
plant  would  be  as  follows: 

Physical  plant $8  600  000 

Loss  of  interest  during  construction 482  000 

Assumed  going  value 1  800  000 

Total   value    $10  882  000 

Therefore,  the  investor  who  has  concluded  to  build  a  new  hypo- 
thetical plant,  instead  of  to  purchase  the  old  plant,  is  assumed  to  have 
in  hand  the  sum  of  $10  882  000,  as  of  January  1st,  1910.  He  is 
assumed  further,  to  adopt  the  same  order  of  construction  for  the 
new  comparative  plant  as  shown  in  Table  2.  Under  these  assumptions, 
Tables  6  and  7  result. 

TABLE   7. — First   Trial   Going  Value   Computation  as  of 
January  1st.  1910. 


Year 

Total  Net  Return. 

Present  Worth  of  Excess  Earnings  of 
Existing  over  Comparative  Plant. 

ending 
December 

31st. 

(I) 

Existing 
plant. 

(2) 

Compara- 
tive plant. 

(3) 

Excess 

of  existing 

plant. 

(4) 

Period 

of 
years. 

(5) 

Factor  at 
6%- 

(6) 

Amounts. 

(7) 

Cumula- 
tive 
amounts. 

(8) 

1910 

$600  000 
619  000 
638  000 

659  000 
676  000 
693  000 

708  000 
724  000 
737  000 

751000 
766  000 

$410  000 
275  000 
249  000 

261  000 
316  000 
393  000 

490  000 
581  000 
666  000 

727  000 
762  000 

$190000 
344  000 
389  000 

398  000 
360  000 
301  000 

218  000 
143  000 
71000 

24  000 
4  000 

1 
2 
3 

4 
5 
6 

7 
8 
9 

10 
11 

0.9434 
0.8900 
0.8396 

0.7921 
0.7473 
0.7050 

0.6651 
0.6271 
0.5919 

0.5584 

$179  000 
306  000 
326  000 

315  000 
269  000 
212  000 

145  000 
90  000 

42  000 

13  000 
2  000 

$179  000 

1911 

485  000 

1912 

811  000 

1913 

1  126  000 

1914 

1915 

1  395  000 
1  007  000 

1916 

1927 

1  752  000 
1  842  000 

1918 

1  884  000 

1919 

1  897  000 

1920 

1  899  000 

Resulting  Going  Value. 
Assumed  Going  Value.. 


$1  899  000 
1  800  000 


Error  on  First  Trial  Computation. 


$99  000 


Resulting  Going  Value  under  First  Trial  Computation. — In  Table 
7  is  shown  the  result  of  the  first  trial  computation  of  going  value. 
It  will  be  noted  therein  that  the  going  value,  which  was  assumed  to 
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be  $1  800  000,  was  found  to  be  approximntoly  $1  899  000,  involving  an 
error  in  assumption  of  $99  000. 

Were  a  going  value  of  $1900  000  assumed  in  the  second  trial 
computation,  the  resulting  going  value  would  be  found  to  be  some- 
what less  than  that  sum,  on  account  of  the  greater  amount  of  interest 
accruing  on  the  unemployed  capital,  which  tends  to  reduce  the  going 
value,  the  other  items  remaining  substantially  the  same. 

Probably  closer  results  would  be  obtained  by  assuming  for  the 
second  trial  computation  a  going  value  of  $1  880  000. 

Recomputation  Unnecessary  for  the  Purpose  of  This  Paper. — As 
going  through  the  somewhat  laborious  process  of  recomputing  Tables 
6  and  7  would  not  shed  any  additional  light  on  the  principles  enun- 
ciated, it  is  unnecessary,  for  the  purpose  of  this  discussion,  to  follow 
through  this  recomputation.  Enough  has  been  said  to  illustrate  the 
principles  involved  by  the  method  of  computing  going  value  suggested 
by  the  writers. 

For  the  second  trial,  assume  a  going  value  of  $1  880  000.  The  total 
value  of  the  plant  under  discussion  would  then  be: 

Physical   plant $8  600  000 

Interest   during   construction 482  000 

Assumed  Going  Value  (second  trial) 1  880  000 

Total   value    $10  962  000 

In  the  second  trial  computation,  therefore,  it  should  be  assumed 
that  the  builder  of  the  comparative  plant  starts,  as  of  January  1st, 
1910,  with  the  sum  of  $10  962  000  in  hand. 

Methods  Identical  when  Franchise  Value  is  Included. — Attention 
may  be  called  to  the  fact  that  no  allowance  has  been  made  for  fran- 
chise value,  on  the  assumption  that  the  franchise  has  nominal  value 
only,  in  the  works  under  question,  and  that,  under  the  forms  of  fran- 
chise enjoyed  by  many  works,  and  with  the  present-day  tendency  of  the 
Courts  and  pul)lic  service  commissions,  water-works  are  api)roaehing  a 
condition  where  they  may  be  limited  in  earnings  to  an  amount  which 
will  pay  dividends  substantially  only  on  the  net  physical  and  going 
value  of  the  projierty.  This  has  the  effect  of  reducing  franchise  value 
to  the  mere  right  to  do  business. 

If,  on  the  other  hand,  the  plant  under  question  had  been  assumed 
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to  have  a  substantial  franchise  value,  as  is  the  case  in  many  works, 
this  franchise  value  should  have  been  added  to  the  sum  of  the  physical 
value,  plus  interest  during  construction,  plus  going  value,  to  make 
up  the  amount  of  the  unemployed  capital  v^hich  the  investor  is  as- 
sumed to  have  in  hand,  before  making  his  comparison  between  the 
existing  works  and  a  hypothetical  works. 

The  preliminary  costs  of  promotion,  organization,  etc.,  and  other 
kindred  items,  are  assumed  to  have  been  included  in  the  physical 
valuation. 

Effect  of  Assumptions  as  to  Order  of  Construction  on  Loss  of 
Interest  during  Construction  Item. — It  will  be  apparent,  from  the 
foregoing  discussion,  that  the  larger  the  allowance  for  the  loss  of 
interest  during  construction  item,  the  smaller  will  be  the  resulting 
going  value,  for  the  reason  that,  the  gross  income  and  operating 
expenses  remaining  the  same,  the  amount  of  unemployed  capital  in  the 
hands  of  the  builder,  will  be  increased.  This,  in  turn,  increases  the 
interest  accretions  on  unemployed  capital,  which  have  to  be  deducted 
from  the  net  income  of  the  existing  plant  in  determining  going  value. 
The  effect,  therefore,  of  these  deductions  is  to  decrease  the  going 
value.  It  is  obvious,  however,  that  the  decrease  in  going  value  is  not 
equal  to  the  increase  in  interest  charges,  for  the  reason  that  the 
interest  allowances  on  unemployed  capital  are  assumed  at  a  lower  rate 
than  the  loss  of  interest  during  construction  item,  and  the  present 
worths  of  the  annual  differences  in  net  income  are  taken  in  determin- 
ing going  value  as  of  any  given  date,  instead  of  the  arithmetical  sum 
of  those  differences. 

Keview  of  Going  Value. 

Having  determined  the  going  value  of  any  works  by  the  com- 
parative method,  it  remains  to  review  the  matter  in  a  broad  way, 
for  it  must  be  remembered  that  cost  is  not  always  synonymous  with 
value. 

Thus,  on  the  plant  assumed  herein,   the  resulting  going  value  of 
$1  880  000  amounts  to : 

20.7%  of  its  estimated  net  reproduction  cost,  meaning  thereby 
the  reproduction  cost  less  accrued  depreciation  to  date  of 
taking,  including  the  early  organization  expenses,  engineer- 
ing and  contingencies,  interest  during  construction,  etc.; 
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17.1%  of  the  total  net  reproduction  cost,  including  in  the  latter 
the  reproduction  cost  of  the  business  of  the  company,  or,  in 
other  words,  the  going  value; 

l.S  times  the  amount  of  the  gross  annual  income  of  the  old 
plant  for  the  fiscal  year  ending  January  1st,  1910; 

3.1  times  the  amount  of  the  net  income,  as  of  January  1st,  1910, 
meaning  by  "the  net  income"  the  difference  between  gross 
income  and  the  sum  of  the  operating  expenses,  maintenance, 
taxes,  and  depreciation. 

It  remains  then  to  consider  whether  the  plant  is,  at  the  moment : 

(1)  "Over-built";  that  is,  at  the  end  of  a  reconstruction  period, 
so  far  as  the  physical  plant  is  concerned,  and  at  the  begin- 
ning of  a  recuperative  period,  so  far  as  its  financial  condi- 
tion is  concerned,  inasmuch  as  some  of  the  construction  work 
has  been  built  for  future  rather  than  present  needs,  and  the 
rates  are  therefore  at  the  moment  incommensurate  with  the 
character   of   the   service  being  furnished; 

(2)  "In  a  normal  stage  of  development"  where  the  rates  may  be 
said,  broadly  speaking,  to  be  commensurate  with  the  character 
of  the  service  furnished; 

(3)  "Under-built,"  that  is,  where  the  plant  is  outgrown,  or  where 
it  is  collecting  rates  which  are  excessive  for  the  character  of 
the  service  being  furnished  by  it,  in  which  case  the  plant 
may  be  said  to  be  rapidly  approaching  a  reconstruction  or 
recuperative  period  physically  and  a  reformative  period 
financially. 

Effect  of  Size  of  Plant. — It  is  obvious  that  in  the  case  of  a  small 
plant,  the  construction  of  which  can  be  executed  in  one  season's  work, 
no  such  complication  in  regard  to  the  interest  on  unemployed  capital 
nor  necessity  for  refinement  in  computation  exists. 

The  writers  have  felt  it  might  be  of  interest,  however,  to  call 
attention  to  the  difference  in  the  nature  of  the  problem  when  dealing 
with  a  large  plant  requiring  a  period  of  several  years  for  its  construc- 
tion, and  to  point  out  a  method  for  the  determination  of  the  going 
value  in  such  cases. 
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General  Applicability  of  Principles. 

The  principles  enunciated  herein,  if  sound,  should  find  general 
applicability  in  the  valuation  of  all  forms  of  business  enterprises. 
Good  will  in  general  business  enterprises  should  be  susceptible  of 
similar  analysis  to  that  herein  outlined  for  public  service  corporations, 
when  the  theory  of  reproduction  is  utilized  as  the  basis  of  appraisal, 
provided  due  weight  be  given  to  the  modifying  conditions  or  circum- 
stances under  which  the  property  under  valuation  is  operating. 

Recapitulation. 

Going  value  is  defined  as  the  value  of  a  created  income.  While 
it  pertains  to  the  business  rather  than  to  the  physical  plant,  it  is 
nevertheless  true  that  in  any  just  determination  of  the  reproduction 
cost  of  a  property  it  is  as  real  an  element  in  this  reproduction  cost  as 
is  the  cost  of  reproducing  pipe  lines,  pumping  stations,  or  any  other 
part  of  the  physical  plant. 

As  a  means  of  determining  going  value,  the  "comparative  method" 
is  suggested.  This  consists  in  an  analysis  of  the  relative  net  earnings 
or  return  to  be  derived  from  the  existing  plant  as  compared  with  that 
from  a  hypothetical  "comparative  plant"  which  is  assumed  to  be  built 
on  the  date  of  valuation  and  to  acquire  the  business  of  the  existing 
plant,  in  the  territory  served  by  it,  as  rapidly  as  possible,  under  non- 
competitive conditions.  The  sum  of  the  present  worths  of  the  annual 
excess  in  net  earnings,  or  return,  from  the  existing  plant,  as  com- 
pared with  those  from  the  comparative  plant,  in  the  period  of  years 
from  the  date  of  valuation  to  the  time  when  the  earnings  of  the 
comparative  plant  can  reasonably  be  assumed  to  equal  those  of  the 
existing  plant,  is  then  the  measure  of  the  going  value  of  the  exist- 
ing plant.  It  represents  the  amount  which  a  purchaser  could  afford 
to  pay  for  the  existing  property  with  its  established  income,  in  excess 
of  the  value  of  its  bare  physical  plant. 

In  analyzing  the  going  value  of  any  public  service  corporation, 
it  is  suggested  that  the  investigator  place  himself  in  the  position  of  an 
investor  having  in  hand  the  necessary  capital,  either  to  buy  the  exist- 
ing going  plant  with  its  established  business,  or  to  build  a  new  com- 
parative plant  to  replace  it  and  its  established  business  under  non- 
competitive conditions,  and  then  determine  the  return  which  he  would 
receive  upon  his  capital  in  both  cases. 
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The  principal  factors  affecting  going  value  are: 

1.  The  period  of  construction  required  for  building  the  compara- 

tive plant; 

2.  The  going  value  development  period ; 

3.  The  rate  of  acquisition  of  income  by  the  comparative  plant; 

4.  The  stage  of  development  of  the  existing  plant,  whether  over- 

built, normally  developed,  or  under-built; 

5.  The    difference    in    annual    depreciation    charges    for    the    two 

plants  during  the  going  value  development  period; 

6.  The  rate  of  retvirn  assumed  upon  the  unemployed  capital  of 

the  builder,  up  to  the  time  of  completion  of  the  comparative 
plant. 

The  application  of  these  principles  is  illustrated  in  the  solution  of 
a  hj-pothetical  problem,  involving  the  determination  of  the  going 
value  of  a  water  plant  in  a  city  assumed  to  have  300  000  population. 

In  the  case  of  small  plants,  requiring  but  a  year,  more  or  less, 
for  construction,  all  the  refinements  suggested  in  this  paper  are  not 
necessary. 

The  principles  outlined  in  the  "comparative  method"  suggested,  if 
sound,  would  seem  to  settle  the  controversy  which  has  arisen  as  to  the 
propriety  of  including  interest  or  fixed  charges  as  an  operating  expense. 
Clearly,  if  the  principles  enunciated  are  sound,  the  fixed  charges  should 
not  be  so  included. 

In  conclusion,  the  writers  dissent  from  the  view  taken  by  the  Wis- 
consin Public  Service  Commission  as  to  the  nature  and  method  of 
computing  going  value  in  determining  the  reproduction  cost  of  a  public 
service  property. 
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This  paper  describes  the  tests  of  five  columns,  representing  members 
of  Bridge  No.  42,  of  the  Pittsburg  Division  of  the  Pittsburg,  Cleve- 
land, Chicago,  and  St.  Louis  Kailway,  over  the  Ohio  Kiver,  at  Steuben- 
ville,  Ohio.  Through  the  courtesy  of  J.  C.  Bland,  M.  Am.  Soe.  C.  E., 
Engineer  of  Bridges,  Pennsylvania  Lines  West  of  Pittsburg,  the 
writer  is  enabled  to  present  the  results  of  these  tests. 

The  tests  were  made  at  Phoenixville,  Pa.,  excepting  the  preliminary 
loading  of  Column  No.  1,  which  was  done  at  Watertown  Arsenal.  The 
tests  were  conducted  by  the  writer  jointly  with  Mr.  C.  P.  Buchanan, 
Assistant  to  Mr.  Bland. 

The  outside  cross-section  dimensions  of  the  columns  were  approxi- 
mately 20  by  30  in.,  each  having  a  sectional  area  of  about  90  sq.  in. 
The  length  of  one  column  was  20  ft.,  and  that  of  each  of  the  others 
was  36  ft.  5  in.  For  test  purposes,  they  were  provided  with  10-in. 
pin  ends;  in  the  bridge,  however,  the  connections  were  all  riveted. 

The  type  of  the  columns  and  the  details  of  construction  are  shown 
on  Fig.  1.  The  columns  were  made  of  6  by  6  by  f-in.  angles,  with  out- 
side web-plates  30  in.  wide  and  xh  in.  thick;  and,  between  the  legs 
of  the  angles,  which  faced  inward,  there  were  web-plates  174  in.  wide 

NOTTC. — Tbese  papers  are  Issued  before  the  date  set  for  presentation  and  discus- 
sion. Correspondence  is  invited  from  those  who  cannot  be  present  at  the  meeting, 
and  may  be  sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or  written,  will 
tie  published  in  a  subsequent  number  of  Proceedings,  and,  when  finally  closed,  the 
papers,  with  discus<5ion  in  full,  will  be  published  in  Transactions. 
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and  §  in.  thick.  The  columns  were  single-latticed,  with  flat  bars, 
2^  in.  wide,  i  in.  thick,  and  1  ft.  2^  in.  from  center  to  center.  At 
intervals  there  were  diaphragms  of  iV-in.  plate.  Steel  rivets,  |  in. 
in  diameter,  were  used,  and  were  driven  in  holes  which  were  sub- 
punched  x\  in.  and  reamed  xV  i^^-  larger  than  the  nominal  size  of 
the  rivets. 

The  ends  were  reinforced  by  pin-plates,  the  inside  plates  being 
I  in.  thick  and  the  outside  ones  i  in.  thick,  and  each  set  was  riveted 
to  the  web  members  with   39   rivets. 

It  will  not  be  necessary  to  remark  on  the  unusual  opportunity 
afforded  by  these  tests  to  acquire  information  on  columns  designed 
according  to  recent  engineering  practice,  and  in  sizes  representing 
work  of  magnitude.  In  addition  to  the  determination  of  the  ultimate 
strengths,  observations  were  directed  to  matters  of  constructive  details, 
and  the  behavior  of  the  columns  under  loads  preceding  the  final 
crippling  ones. 

The  general  results  of  the  tests  are  shown  in  Table  1. 

TABLE  1. — General  Results  of  Tests  of  Bmdge  Columns. 


No.  of 
column. 

Length. 

Sectional  area, 

in  square 

inches. 

Maximum  Loads  Applied. 

Feet. 

Inches. 

I 
r 

Gauge 
reading. 

Total,  in 
pounds. 

Pounds  per 
square  inch. 

1 

20 
36 
.36 
36 
36 

0 
5 
5 
5 
5 

26.3 

47.2 
47.1 
47.2 
47.1 

90.73 
90.33 
90.78 
90.33 
89.96 

806 
806 
829 
845 
850 

2  600  962 
2  600  962 
2  675  183 
2  726  815 
2  742  950 

28  667 

2 

28  794 

3 

29  469 

4 

30191 

5 

30  490 

The  ultimate  strengths  of  Columns  Nos.  1  and  2  were  not  reached. 
Columns  Nos.  3  and  4  failed  locally  at  the  pin-plates,  immediately  in 
front  of  the  pins.  Column  No.  5  failed  by  the  web-plates  buckling 
inward,  at  a  distance  of  12  ft.  8  in.  from  the  end,  causing  a  sharp  bend 
in  the  member  at  this  place,  with  a  sidewise  deflection,  parallel  to  the 
axes  of  the  pins.  In  the  direction  of  failure  the  radius  of  gyration 
was   9.15   in.,   against  9.84   in.   at   right   angles   thereto. 

Although,  in  the  tests  of  two  columns,  the  maximum  stresses  which 
were  capable  of  being  sustained  by  the  columns  were  not  applied, 
while  two  others  failed  locally,  it  is  believed,  nevertheless,  from  the 
indications  of  the  tests,  that  the  ultimate  strengths  of  all  were  fairly 
represented  in  that  of  Column  No.  5. 
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The  grades  of  metal  used  in  the  fabrication  of  these  columns  are 
shown  hy  Table  2,  which  gives  the  chemical  analyses  of  the  melts  which 
furnished  the  plates  and  angles. 

Tx\BLE  2. — Chemical  Analyses  from  Mklts  Furnishing  Plates 

AND  Angles. 


Melt. 

C. 

Mn. 

P. 

S. 

Plates 

6  542 

0.22 

0.54 

0.019 

0.033 

16  266 

0.27 

0.51 

0.007 

0.034 

31  943 

0.25 

0.46 

0.021 

0.040 

Angles 

23  982 

0.28 

0.47 

O.OO.'^ 

0.04] 

24  879 

0.18 

0.53 

0.007 

0.032 

Tests  and  analyses  of  rivet  steel  of  the  same  grade  as  that  used 
gave  the  results  in  Table  3. 

TABLE  3. — Eesults  of  Tests  and  Analyses  of  Rivet  Steel. 


Pounds  per  Square  Inch. 

Elong. 
in  8  in. 

Contrac- 
tion of 
area. 

C. 

Mn. 

P. 

Melt. 

Elastic 
limit. 

Tensile 
strength. 

S. 

8  174 
12  218 
16  283 
18184 

35120 
38  430 
83  730 
36  320 

52  580 

53  510 
51370 
50180 

33 
33 
34 
34 

64 
68 
65 
66 

0.09 
0.09 
0.09 
0.10 

0.45 
0.35 
0.51 
0.45 

0.007 
0.007 
0.007 
0.007 

0.033 
0.029 
0.030 
0.037 

The  quality  of  the  metal  of  the  plates  and  angles  is  further  shown 
by  the  stress-strain  diagrams,  Plates  XV  to  XIX,  from  the  records  of 
the  Pittsburg  Testing  Laboratory.  Tests  pertaining  to  the  same 
column  are  grouped  on  the  same  sheet. 

Concerning  the  applicability  of  the  results  of  tensile  tests  to  the 
behavior  of  ooiiiiiression  nuMiibers,  it  may  be  remarked  that  the  elastic 
limits  in  metal  of  this  kind  are  generally  coincident  in  value  in 
tension  and  compression,  and  the  characteristics  of  the  stress-strain 
curves  are  similar  for  loads  up  to  and  in  the  vicinity  of  the  elastic 
limits. 

Considerable  variation  appears  in  the  clastic  limits  of  the  tensile 
tests  in  metal  from  the  same  melt,  and,  furthermore,  the  plates  and 
angles  assembled  in  the  same  column  were  characterized  by  differences 
of  this  kind.  That  a  column  would  be  benefited  by  having  the  elastic 
limits  of  the  component  parts  of  substantially  the  same  value,  there 
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can  hardly  be  a  doubt,  but,  practically,  a  variation  of  some  degree  is  to 
be  expected. 

Maximum  and  minimum  values  of  the  elastic  limit  and  yield  point 
found  in  the  same  melt  are  given  in  Table  4;  and  Table  5  shows  the 
elastic   limits   of   the   principal   component  parts   of   each   of   the  five 
columns. 
TABLE  4. — Maximum  and  Minimum  Values  of  Elastic  Limit  and 
Yield   Point   in    the    Same    Melt. 
Plate  Metal. 


Melt. 

Elastic  Limits,  in  Pounds  per 
Square  Inch. 

Yield  Points,  in  Pounds  per 
Square  Inch. 

Maximum. 

Minimum. 

Diflference. 

Maximum. 

Minimum. 

Difference. 

6  542 
16  266 
21943 

32  350 
36  200 
31  300 

28  370 

29  600 

30  300 

3  880 
6  600 
1000 

38  650 

39  200 
35  070 

30  940 

33  460 

34  440 

7  710 

5  740 

630 

Metal  of  the  Angles. 


a4  879 
23  983 


38100 
37  300 


30  000 
30  200 


8100 
7100 


38  780 
38  810 


35  950 
32  860 


2  830 
5  950 


TABLE  5. — Elastic  Limits  of  the  Metal  Used  in  Each  of  the 

Columns. 


Elastic  Limits,  in  Pounds 

Elastic  Limits,  in  Pounds 

per  Square  Inch. 

per  Square  Inch. 

No  of 

No.  of 
column. 

column. 

Plates. 

Angles. 

Plates. 

Angles. 

1 

30  300* 

38100 

4 

33  200 

34  500 

30  400 

36  800 

31  000 

30  200* 

32  200 

30  000* 

28  370* 

32  500 

30  400 

35  500 

31000 

32  600 

2 

36  200 

35  900 

5 

34  600 

36  900 

31  30(1* 

35100 

29  600 

33  800* 

32  250 

32  300* 

29  400* 

35  060 

31300 

31  .300 

37  300 

3 

32  700 
35  100 
30  000* 
30  700 

31800 
31  500* 
34  500 
31400 

1 

♦Minimum  values. 
The  maximum  and  minimum  values  of  the  elastic  limit,  as  a  rule, 
were  not  found  in  those  specimens  in  which  corresponding  values  of 
the  yield  point  appeared.     As  an  index  of  ultimate  compressive  resist- 
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aiice,  it  is  probable  that  the  yield  point  is  secondary  in  importance 
t(i  the  elastic  limit,  unless  the  two  values  coincide.  It  is  believed  that 
tlie  minimum  value  of  the  elastic  limit,  as  found  in  the  component 
parts,  chiefly  modifies  the  ultimate  resistance  of  the  column,  although 
it  is  probable  that  the  shape  of  the  stress-strain  curve  immediately 
beyond  the  elastic  limit  has  an  important  influence. 

If  it  is  accepted  that  the  elastic  limit  has  a  controlling  influence 
on  the  ultimate  strength  of  a  column  (as  it  is  believed  to  have),  then 
variations  of  from  25  to  27%  in  this  value,  as  witnessed  in  the  tests 
of  the  nu'tal  of  these  plates  and  angles,  would  overshadow  those  con- 
siderations which  find  expression  in  empirical  formulas  for  strength, 
and  take  no  account  of  such  features. 

The  ultimate  resistance  of  Column  No.  5  rose  about  1  000  lb.  per 
sq.  in.  above  the  clastic  limit  of  the  weakest  plate,  but  did  not  reach 
that  having  the  next  higher  value.  The  reinforcing  effect  of  the 
higher  elastic-limit-metal  of  the  angles  and  that  of  some  of  the  plates 
was  not  adequate  to  raise  materially  the  strength  of  the  column.  While 
a  compact  type  of  column  might  receive  substantial  benefit  from  its 
more  rigid  members,  it  would  appear  from  the  present  example  that 
such  would  not  be  the  result  ordinarily.  It  cannot  be  asserted,  by 
reason  of  lack  of  identity,  that  the  weakest  plate  in  this  column 
actually  was  the  one  which  failed  first,  but  it  seems  reasonable  to 
assume  that  it  was. 

The  detailed  information  developed  by  the  tests  has  been  entered 
on  a  series  of  photographic  prints,  the  entries  being  placed  on  those 
parts  of  the  column  to  which  they  refer. 

Fig.  1,  Plate  XX,  shows  the  longitudinal  compression  observed 
on  gauged  lengths  established  on  different  elements  of  Column  No.  1. 
The  compressive  strains  shown  on  this  and  subsequent  prints  were 
those  due  to  a  range  in  stress  of  780  000  lb.,  between  an  initial  load  of 
20  000  lb.  and  800  000  lb.,  the  maximum  load  applied  at  this  stage. 
This  range  is  equal  to  8  597  lb.  per  sq.  in.,  the  maximum  stress  being 
equal  to  8  817  lb.  per  sq.  in.  The  maximum  load,  800  000  lb.,  was 
applied  several  times  before  making  the  observations  here  recorded, 
which  exhausted  the  early  but  slight  permanent  sets  of  the  column,  if 
there  were  any. 

The  compression  of  the  web-plate  of  Column  No.  1,  on  a  gauged 
length    of    150    in.    established    along    the    middle    of    its    width,    was 
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0.0408  in.  At  the  edges  of  this  plate  the  strains  were  0.0394  and 
0.0410  in.,  respectively,  the  mean  of  which  is  0.0006  in.  less  than  the 
observed  strain  on  the  middle  gauged  length. 

Corresponding  measurements  on  the  edges  of  the  web-plate  on  the 
opposite  side  of  the  column  gave  readings  of  0.0467  and  0.0485  in., 
respectively. 

The  mean  compression  of  the  four  corners  was  0.0439  in.,  giving  an 
apparent  modulus  of  elasticity  of  29  375  000  lb.  per  sq.  in.  This  value 
is  not  far  below  that  frequently  assumed  for  steel,  and  therefore 
indicates  a  favorable  action  of  the  column  taken  as  a  whole. 

The  rate  of  compression  on  individual  gauged  lengths  was  nearly 
uniform,  while  the  stress-strain  curves  for  ascending  and  descending 
loads  followed  closely  the  same  path.  Table  6  shows  the  compressive 
strains  which  were  measured  on  the  center  line  of  the  web-plate,  as  the 
loads  were  successively  advanced  and  released. 

TABLE  6. — Compressive  Strains. 


Strains 

undbr: 

Total  applied  loads, 

Difference.* 

in  pounds. 

Ascending  loads. 

Descending  loads. 

20  000 

0.0003 

0.0005 

0.0002 

100  000 

0.0080 

0.0032 

0.0002 

200  000 

0.0078 

0.0081 

0.0003 

300  000 

0.0131 

0.0137 

0.0006 

400  000 

0.0187 

0.0191 

0.0004 

500  000 

0.02U 

0.0246 

0.0005 

600  000 

0.0296 

0.0300 

0.0004 

700  000 

0.0351 

0.0355 

0.0004 

800  000 

0.0410 

*  The  difference  represents  a  lag  in  resilience,  in  each  case. 

The  compression  of  the  column  was  measured  along  the  center 
line  of  the  web  on  two  other  gauged  lengths,  differing  in  their  total 
lengths  by  1  in.,  the  longer  one,  184.75  in.,  reaching  from  pin-plate 
to  pin-plate,  and  the  shorter  length,  183.75  in.,  being  taken  wholly  on 
the  web-plate.  The  compressive  strain  from  pin-plate  to  pin-plate  was 
0.0020  in.  greater  than  that  observed  on  the  web.  This  strain, 
0.0020  in.,  if  it  occurred  on  the  solid  metal,  would  correspond  to  a 
stress  of  about  60  000  lb.  per  sq.  in.,  but  the  mean  stress  on  the  column 
was  only  8  597  lb.  per  sq.  in.  In  part,  therefore,  this  strain  signified 
an  elastic  movement  of  some  other  kind  than  a  direct  compression  of 
the  steel. 
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As  the  strains  appeared  and  disappeared  promptly  when  the  loads 
were  changed,  it  is  inferred  that  there  was  no  slipping  of  the  pin- 
plates  on  the  webs.  None  would  be  expected  under  as  low  a  stress  as 
tliat  on  the  column  at  this  time.  The  pin-plates  were  secured  to  the 
webs  by  the  contractile  force  of  39  rivets,  developing  a  probable 
gripping  force  of  not  less  than  (0.6903  X  39  X  30  000)  =  807  COO  lb. 
Considering  that  portion  of  the  total  load  on  the  column  which  would 
1)0  expected  to  come  on  the  pin-plates,  it  would  be  thought  that  the 
riveting  was  fully  adequate  to  prevent  slipping,  and  that  the  com- 
{)ressive  movement  of  0.0020  in.  represented  combined  compressive  and 
shearing  stresses,  all  of  which  were  elastic. 

This  result,  however,  illustrates  the  constructive  difficulty  en- 
countered in  any  endeavor  to  attain  a  state  of  rigidity  in  the  rein- 
forcing plates  comparable  to  that  existing  in  the  continuous  web 
members. 

The  measurements  which  next  followed  were  on  gauged  lengths  of 
10  in.  each,  referring  to  local  strains  in  the  column,  over  the  same 
range  in  stresses  as  before.  These  results  are  entered  on  Tigs.  2,  3, 
and  4,  Plate  XX.  On  the  north  end,  and  also  near  the  middle  of  the 
length  of  the  column,  five  rows  of  gauged  lengths  were  established 
along  the  center  line,  at  the  edges,  and  on  intermediate  lines,  respec- 
tively. On  and  in  the  vicinity  of  the  pin-plate  at  one  end  of  the 
column  twenty  gauged  lengths  were  established,  as  shown  on  Fig.  2, 
Plate  XX.  At  the  opposite  end  of  the  column,  observations  were  made 
on  the  center  line  only. 

The  range  of  stress  applied  called  for  a  compressive  strain  of 
0.0029  in.,  taking  the  modulus  of  elasticity  at  29  500  000  lb.  per  sq.  in. 
On  the  web  the  observed  strains  were  found  to  range  from  0.0026  to 
0.0033  in.  The  influence  of  the  diaphragm  and  connecting  angles,  in 
modifying  the  strains,  if  any,  could  not  be  traced  in  the  results. 

In  stepping  dow-n  from  the  pin-plates  to  the  web,  greater  strains 
were  observed  than  those  on  the  web  member.  Here  the  strains 
ranged  from  0.0033  to  0.0043  in.,  confirming  the  excess  movements 
previously  observed  on  the  gauged  length  which  extended  from  pin- 
plate  to  pin-plate. 

The  compressions  of  the  pin-plates  ranged  from  a  plus  strain  of 
0.0040  in.  to  a  minus  strain  of  0.0006  in.  Directly  in  front  of  the  jiin 
the  compression  naturally  reached  a  maximum,  while  abreast  this  place. 
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at  the  edges  of  the  plate,  the  minus  readings  indicated  that  the  metal 
there  was  in  a  state  of  tension.  Diagonally  inward  from  the  pin,  the 
metal  was  nearly  in  a  neutral  state,  as  regards  resultant  strains,  the 
several  readings  being  0.0001,  0.0004,  0.0005,  and  0.0003  in. 

The  compression  on  the  bearing  surface  of  the  pin,  when  the  load 
on  the  column  was  800  000  lb.,  was  16  615  lb.  per  sq.  in.,  using  for  a 
divisor  the  product  of  the  diameter  of  the  pin  by  the  aggregate  thick- 
ness of  the  metal  of  the  web  and  the  reinforcing  plates. 

For  the  purpose  of  having  approximate  figures  in  mind,  which  may 
serve  in  some  degree  as  an  index  of  the  action  of  the  pin-plate,  it  may 
be  stated  that  the  measured  compression  of  the  metal  in  front  of  the 


pin  corresponded  to  a  mean  stress  of 


29  500  000  X  0.0038 
10 


=  11  210  lb. 


per  sq.  in.,  while  the  corresponding  stresses  at  the  intermediate  gauged 
lengths  and  at  the  edges  were  1  327  and  1  622  lb.  per  sq.  in.,  respec- 
tively, the  latter  being  a  stress  of  tension. 

The    compression    of    the    tie- 
plate  shown  on  Fig.  1,  Plate  XXI, 


was    next    measured.      The    longi 
tudinal   compression   of  this   plate 


10  Comin-cssion. 


1.327  Coniiiression. 
1.623  Tension. 


MEAN  STRESSES,   CORRESPONDING 
TO  MEASURED  STRAINS. 
Fig.  2. 


was  that  due  to  following  and  par-         jug 

taking    of    the   compressive    move-       J 

ment    of    the    6    by    6-in.    angles, 

which   in   their   turn  followed   the 

compression  of  the  webs.     It  will 

be  recognized  that  the  efficiency  of 

the    riveting    will    be    unfavorably 

studied    in   this   plate,   because   of 

its   attachment  to   a   part   of   the   column   in   which   a   complexity   of 

conditions  prevailed. 

Measured  near  one  of  the  lines  of  riveting,  the  compressions  on 
three  gauged  lengths  were  0.0008,  0.0012,  and  0.0008  in.  Checking 
these  by  one  measurement  over  the  aggregate  length  of  30  in.  the 
reading  obtained  was  0.0030  in.  The  compression  on  the  middle  10-in. 
gauged  length  is  seen  to  be  one  and  a  half  times  that  of  the  ends.  This 
result  is  taken  to  signify  that  a  progressive  degree  of  compression  occurs 
in  the  tie-plate,  being  a  minimum  at  the  end  rivets  and  increasing 
with  the  number  of  rivets  toward  the  middle  of  the  length  of  the  plate. 
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These  results  serve  to  direct  attention  to  conditions  which  would  be 
expected  to  prevail  in  a  built-up  member.  The  middle  portion  of  a 
long  plate,  riveted  to  one  of  the  principal  members  of  the  column,  and 
measured  on  a  longitudinal  element,  would  reach  a  condition  in  which 
tliere  would  be  uniform  compression  of  the  metal,  practically.  If  the 
riveting  did  not  reach  to  the  end  of  the  plate,  some  of  the  metal  out- 
side of  but  near  the  last  rivet  might  be  brought  into  a  state  of  tension. 

In  a  wide  plate,  the  middle  longitudinal  element  would  be  com- 
pressed less  than  the  metal  adjacent  to  the  lines  of  rivets.  This  was 
exemplified  in  the  present  plate,  where  it  was  found  that  the  compression 
along  the  middle  of  its  width  was  0.0011  in.,  against  0.0030  in.  at  the 
edge,  both  measured  on  a  gauged  length  of  30  in. 

The  presence  of  tie-plates  at  intervals  along  the  length  of  a  com- 
presssion  member  would,  necessarily,  relieve  the  continuous  member 
of  a  portion  of  the  load  locally,  the  intensity  of  the  stress  varying  from 
section  to  section  according  to  the  disposition  of  these  secondary  parts. 

The  metal  in  the  different  parts  of  the  cross-section  of  the  angles 
probably  carried  its  proportional  share  of  the  total  load.  The  results 
of  two  determinations,  as  shown  on  Fig.  2,  Plate  XXI,  chanced  to 
indicate  a  higher  stress  at  the  edge  than  that  near  the  root  of  the 
angle.  These  results  would  have  been  reversed,  one  might  think,  if  a 
substantial  difference  existed  between  the  efilciency  of  the  metal  at  the 
root  and  at  the  edges. 

Observations  were  made  on  four  of  the  lattice  bars  shown  on  Fig.  2, 
Plate  XXI,  but  in  none  of  them  were  any  strains  detected,  the  range 
of  stresses  applied  to  the  column  being  as  first  mentioned. 

Some  results  on  the  lateral  expansion  of  the  column  appear  on 
Fig.  2,  Plate  XXI,  but  detailed  reference  to  them  will  be  reserved  until 
similar  measurements  entered  on  Figs.  3  and  4,  Plate  XXI,  and 
Fig.  1,  Plate  XXII,  have  been  described. 

The  ratio  of  lateral  expansion  to  direct  compression  has  been  found 
to  have  the  value,  ^.^t-  Using  this  value,  the  predicted  lateral 
expansion  of  the  web-plate,  30  in.  wide,  based  on  the  mean  compression 
of  the  two  edges,  as  entered  on  Fig.  1,  Plate  XX,  would  be  0.0023  in. 
The  observed  lateral  expansions  ranged  from  0.0019  to  0.0026  in.  No 
modifications  due  to  the  transverse  diaphragms  were  detected.  On  the 
pin-plates,  notwithstanding  the  variations  in  dinn-t  compressive  stresses 
which  must  have  prevailed,  the  lateral  expansions  agreed  closely,  and 
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in  one  measurement  coincided,,  with  the  predicted  amount  for  the  web. 
On  the  pin-plateSj  the  high  compressive  stresses  in  front  of  the  pins 
doubtless  tended  to  modify  the  resvdtant  lateral  movements.  This 
certainly  was  the  case  across  the  ends  of  the  column,  because  each  of 
those  measurements  showed  minus  lateral  expansions  of  0.0021  and 
0.0025  in.,  respectively.  These  last  readings,  however,  were  consistent 
with  the  observations  on  direct  compression,  because  the  strains  were 
in  a  tensile  direction  on  certain  of  the  10-in.  gauged  lengths. 

Tumi  Tig  back  to  the  results  entered  on  Fig.  2,  Plate  XXI,  three 
transverse  gauged  lengths  were  established  in  one  plane,  one  of  which 
had  its  extremities  on  the  angles  on  the  lines  of  the  lattice-bar  rivets, 
one  near  the  inner  edges  of  the  angles,  and  one  near  the  comers  of  the 
column  at  the  roots  of  the  angles.  As  it  had  been  ascertained  that 
no  strains  were  developed  in  the  lattice  bars  by  the  loads  of  compression 
applied  to  the  column,  it  would  follow  that  the  lateral  expansion  on 
the  intermediate  gauged  length,  which  had  its  extremities  on  the  line 
of  the  riveting,  would  be  expected  to  correspond  to  the  increased  height 
of  the  triangle  made  by  two  of  the  lattice  bars  and  the  section  of  the 
angle  between  them,  the  angle  being  compressed  its  proportional 
amount  of  the  total  shortening  of  the  column.  It  was  found  that  the 
lateral  expansion,  measured  on  the  intermediate  gauged  length,  0.0012. 
corresponded  closely  to  that  called  for  by  the  above  assumption,  the 
difference  amounting  to  only  about  0.0<X)1  in. 

The  lateral  expansion  of  the  met^  of  the  angle  itseK  should 
furnish  a  correction  to  apply  to  each  of  the  other  gauged  lengths,  in 
order  to  arrive  at  the  expected  readings.  Here,  again,  a  close  corre- 
spondence was  found  between  the  expec-ted  and  the  observed  restdts. 
The  correction,  subtracted  for  the  inner  gauged  length  and  added  for 
the  outer  one,  called  for  results  differing  from  the  observed  expansions 
only  about  0.0001  in.  in  each  case.  In  other  words,  the  widening  of  the 
legs  of  the  angles  and  the  change  in  height  of  the  triangle  formed  by 
the  lattice  bars  and  the  included  section  of  the  6  by  6  in.  angle 
accounted  for  the  observed  results,  as  would  be  exjjected. 

An  observation  was  made,  from  angle  to  angle  opposite  the  dia- 
phragm, shown  on  Fig.  2,  Plate  XXI.  At  this  place  the  lateral 
expansion  was  0.0001  in.  as  against  0.0012  in.  on  the  corresponding 
length  taken  on  the  angles  midway  of  the  diaphragms.  This  difference 
in  behavior  was  attributed  to  the  restraining  effect  of  the  diaphragm. 
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Fig.  2. — Strain  Measurements.     Column  No.   1,  Middle. 
On  Angles,    Lattice   Bars,   and   Across    Column. 
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This  restraint  might  reasonably  have  led  to  the  introduction  of 
ai)preciable  stresses  in  the  lattice  bars  in  that  vicinity,  but  the  connec- 
tions were  not  sufficiently  rigid,  it  would  seem,  for  accomplishing 
that  result. 

When  higher  stresses  were  applied  to  the  column,  there  was  a 
slight  compression  of  the  lattice  bar,  shown  on  Fig.  2,  Plate  XXII,  of 
about  0.0002  in.  The  column  at  this  time  was  under  a  load  of 
28  667  lb.  per  sq.  in.  If  the  lattice  bar  was  compressed  the  amount 
stated  (some  uncertainty  pertained  to  this  measurement),  the  corre- 
sponding stress  was  not  more  than  600  lb.  per  sq.  in. 
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Fig.  3. 

Further  tests  were  made  with  this  column,  on  the  compression  of 
the  metal  in  front  of  one  of  the  pins,  using  a  gauged  length  of  10  in., 
as  before.  The  results  are  plotted  on  Fig.  3.  Eapid  yielding  occurred, 
as  the  load  was  increased  from  28  000  to  33  000  lb.  per  sq.  in.,  referring 
to  the  stress  on  the  bearing  surface  of  the  pin.  Although  the  stress 
on  the  sectional  area  of  the  column  was  then  only  from  15  000  to 
18  000  lb.  per  sq.  in.,  judging  from  its  behavior  in  front  of  the  pin, 
the  ultimate  resistance  of  the  column  could  then  have  been  predicted. 
It  was  apparent  that  the  ultimate  strengths  of  the  columns  would  be 
found  in  the  vicinity  of  30  000  lb.  per  sq.  in. 

The  measurements  on  this  10-in.  gauged  length,  and  subsequent 
ones  on  other  columns  of  the  series,  were  made  with  a  strain  gauge 
designed  and  used  for  the  purpose  of  measuring  strains  in  structural 
members  under  service  conditions. 
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The  disparity  in  sectional  area  and  intensity  of  stress,  between  the 
body  of  the  column  and  the  pin  bearings,  directs  attention  and 
gives  emphasis  to  a  feature  in  this  as  well  as  in  other  compression 
tests,  namely,  that  details  of  construction  generally  exert  an  influence 
on  the  behavior  of  the  member,  and  not  infrequently  modify  the  ulti- 
mate resistance  materially.  Regularity  of  action  is  limited  to  stresses 
within,  and  ceases  at,  the  elastic  limit,  and  when  over-straining  of  the 
metal  occurs,  locally  or  in  general,  the  strength  of  the  column  is 
menaced. 

The  results  next  described  refer  to  the  permanent  sets  which  were 
caused  by  the  application  of  the  maximum  load  to  the  column,  and  its 
release. 

On  Figs.  3  and  4,  Plate  XXII,  are  recorded  the  permanent  sets, 
found  on  gauged  lengths  of  10  in.  each,  which  resulted  from  applying 
a  load  of  28  794  lb.  per  sq.  in.  to  Column  No.  2.  The  compression  on 
the  bearing  surfaces  of  the  pins  for  this  load  was  53  353  lb.  per  sq.  in. 
Necessarily,  the  greatest  effect  was  produced  in  front  of  the  pins.  At 
one  end  of  the  column  the  permanent  set  was  0.1168  in.,  at  the  other 
end  it  was  0.1039  in.  In  other  parts  of  the  pin-plates  the  sets  were 
comparatively  of  small  magnitude,  much  less  than  found  in  the  web- 
plates. 

At  the  east  end  of  the  column  the  gauged  lengths,  which  stepped 
down  from  the  pin-plate  to  the  web,  showed  the  next  largest  movements 
to  the  metal  directly  in  front  of  the  pins.  Evidently  the  pin-plate  had 
moved  bodily  along  the  column  in  the  direction  of  its  length.  At  the 
opposite  end  the  bodily  movement  of  the  pin-plate  was  not  a  pro- 
nounced feature  of  the  test. 

The  mean  set,  per  10  in.  of  length,  of  the  web  of  this  column  was 
0.0030  in.  The  individual  sets  are  seen  to  range  from  0.0006  to 
0.0180  in.,  showing  an  irregularity  in  the  development  of  sets  not 
unusual  for  stresses  which  are  in  the  zone  of,  but  just  above,  the 
elastic  limit  of  the  steel.  In  a  built  member  the  riveting  may  exaggerate 
the  natural  differences  of  the  metal,  and  remarks  in  reference  thereto 
will  be  made  later  in  this  paper. 

The  permanent  sets  of  Column  No.  3  were  observed,  on  the  center 
line,  at  each  of  the  four  corners,  the  results  being  entered  on  Figs.  1 
and  2,  Plate  XXIII.  The  large  set,  measured  on  the  north  side  and  east 
end  of  the  column,  in  stepping  down  from  the  pin-plate  to  the  web, 
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was  due  to  a  dishing  of  the  plates  in  front  of  the  pin  causing  a  bend 
in  the  web  at  the  end  of  the  reinforcing  plate.  The  local  bending  had 
the  opposite  elfeet  on  the  south  side  of  the  column  at  this  end,  where 
the  slipping  of  the  pin-phite  appeared  to  be  zero. 

The  earliest  set  of  the  metal  of  the  pin-plate  naturally  occurs  immedi- 
ately at  the  front  of  the  pin,  thence  extending  forward  as  the  loads 
are  increased.  Tlie  alfected  metal  in  these  columns  was  generally  con- 
fined within  the  limits  of  the  first  10  in.,  measuring  from  the  pin. 
Column  No.  3,  however,  afforded  an  example  in  which  the  sets  reached 
into  the  second  gauged  length.  At  the  west  end  the  yielding  of  the 
metal  at  the  pin  was  more  nearly  the  same  on  each  side  of  the 
colunm  than  witnessed  at  the  east  end,  where  local  failure  at  the  pin- 
plate  occurred. 
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Compressioa,  iu  10  inclies 
Fig.  4. 

During  the  progress  of  the  test  of  Column  No.  4,  the  compressive 
strains  developed  on  the  reinforcing  plates  and  the  web,  at  each  end 
of  the  column  on  the  north  side,  were  in  succession  measured  by  the 
strain  gauge.    These  results  are  plotted  on  Figs.  4  and  5. 

An  inspection  of  the  stress-strain  curves  of  these  diagrams  shows 
the  relative  rigidity  of  the  metal  on  each  of  the  four  gauged  lengths. 
The  metal  least  compressed  was  the  part  of  the  reinforcing  plates 
covered  by  gauged  lengths  No.  2,  a  consistent  result,  it  would  seem. 

Under  the  earlier  loads,  the  greatest  movements  were  observed  on 
lengths  No.  3,  from  which  it  appears  that  the  reinforcing  plates  were 
carried  along,  lengthwise  of  the  column,  at  an  excessive  rate  when  con- 
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sidering  the  movements  observed  on  lengths  No.  4.  It  is  difficult  to 
account  for  this  excess  movement,  unless  it  is  assumed  that  the  pins 
were  bent  sensibly  or  that  the  riveting  was  inadequate  to  hold  the 
plates  firmly  in  place. 

As  the  loads  were  advanced,  the  compressive  strains  directly  in 
front  of  the  pins  soon  gained  the  ascendency  as  regards  magnitude, 
which  of  course  was  maintained  for  the  remainder  of  the  test,  gauged 
lengths  No.  3  standing  next  in  the  order  of  yielding. 

Fig.  6  was  prepared  to  show  the  measured  compression  of  certain  of 
the  columns  with  reference  to  the  compression  pertaining  to  a  modulus 
of  elasticity  of  29  500  000  lb.  per  sq.  in.     The  stress-strain  curves  of 


Cotnpressiou,  in  10  inches 
Fig.  5. 

the  columns  are  seen  to  follow  closely  the  lines  representing  the  above 
modulus,  up  to  loads  ranging  from  12  000  to  20  000  lb. ;  the  differences, 
if  any,  not  showing  on  the  scale  used  in  the  diagram.  Under  the 
higher  loads,  there  is  a  gradual  divergence,  flattening  the  curve,  and 
showing  greater  compressibility,  which  was  probably  due  to  the  gradual 
development  of  permanent  sets. 

These  curves  represent  the  compressions  on  gauged  lengths  of 
240  in.  each,  located  on  the  web  members.  The  extremities  of  the 
gauged  lengths  were  nearly  100  in.  from  the  ends  of  the  columns,  and, 
therefore,  were  quite  beyond  any  local  influence  of  the  pins.  The 
gradual  development  of  sets  seems  to  be  characteristic  of  these  built 
members,  and  is  doubtless  representative  of  columns  of  this  type. 
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Fig.  4. — Column  No. 
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-CoLiJMN     No.     4     Ab'ter     Ticstinc;. 
South  Side,  West  End. 


Fig.  2. — Column  No. 

4  After  Testing. 

West   End. 


Pig.   .S. — Column   No.   4   After   Testixg. 
XoKTii   Side,    East   Exd. 


Fig.  4. — Column  No.  5  After  Testing. 
South  Side,  at  Place  of  Failure. 
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There  are  influences  present  in  large  built  members  which  tend  to 
modify  their  beliavior,  so  that  they  do  not  act  like  plain  steel  bars. 
Plain  bars  of  the  grade  of  steel  used  in  these  columns  would  be 
expected  to  develop  strains  strictly  proportional  to  the  stresses  in  well- 
annealed,  machine-finished  specimens  until  the  zone  of  the  elastic  limit 
was  reached. 

A  jog  in  the  compression  stress-strain  curve  for  loads  just  beyond 
the  elastic  limit  would  be  looked  for  comparable  to  that  displayed  in 
the  tensile  tests.  Such  a  jog  sets  a  practical  limit  to  the  compressive 
strength  of  the  material,  excepting  for  very  short  pieces— for  specimens 


COMPRESSION  STRESS-STRAIN  CURVES  OF  COLUMNS  WITH  REFERENCE 
TO  MODULUS  OF  ELASTICITY  OF  29500  000  LB.  PER  SQ.  IN. 
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of  the  material  rather  than  columns.  In  the  case  of  a  short  compression 
specimen,  frictional  reinforcement,  from  contact  with  the  platforms  of 
the  testing  machine,  raises  the  ultimate  strength  by  reason  of  restrict- 
ing lateral  flow;  and,  provided  there  is  symmetrical  radial  flow,  no 
maximum  resistance  would  be  found.  Such  tests  merge  into  those  of 
cubic  compression  where,  as  far  as  known,  no  physical  change  results 
from  the  application  of  the  highest  stresses  yet  applied,  and  they  have 
exceeded  100  000  lb.  per  sq.  in. 

It  is  known  that,  in  steel  and  iron  shapes,  the  parts  first  to  cool 
after  hot  working  are  left  finally  in  a  state  of  initial  compression.     In 
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whatever  direction  the  metal  is  tested  the  presence  of  initial  strains 
tends  to  cause  the  progressive  development  of  permanent  sets,  because 
of  local  over-straining  of  the  metal  under  the  combined  effect  of 
external  forces  and  internal  strains.  The  component  parts  of  these 
columns  were  doubtless  influenced  by  initial  strains  in  some  degree, 
which  would  cause  the  elastic  limits  to  be  vague  and  not  sharply 
defined.  Permanent  sets,  under  these  conditions,  might  be  caused  by 
stresses  within  the  working  loads,  but  confined  to  so  small  a  part  of  the 
volume  of  the  member  as  to  render  their  presence  negligible.  It  is, 
indeed,  a  matter  of  doubt  whether  any  work  of  magnitude,  involving 
the  use  of  structural  members  of  the  kind  under  consideration,  can  be 
cited  as  an  example  in  which  no  part  thereof  is  strained  beyond  the 
elastic  limit  of  the  material. 

The  mean  unit  stress  could  be  well  within  the  elastic  limit  of  the 
member,  and  yet  local  zones  of  overstrained  metal  might  exist. 

Initial  strains,  induced  by  the  rapid  cooling  of  the  shapes  from  the 
temperature  of  rolling,  may  be  augmented  by  initial  strains  introduced 
by  mechanical  operations  on  the  cold  metal.  Straightening  the  shapes 
when  cold,  an  essential  operation,  it  would  seem,  introduces  internal 
strains,  and,  unless  the  pieces  are  subsequently  annealed,  places  them 
in  a  state  of  critical  equilibrium,  because  of  which  they  respond  to 
applied  stresses  in  part  elastically  and  in  part  by  the  development  of 
permanent  sets. 

Punching  and  shearing  affect  the  metal  over  a  wide  area,  as  wit- 
nessed in  the  lines  of  scale  which  are  disturbed  about  a  punched  hole 
or  along  the  edge  of  a  sheared  sheet.  The  disturbance  of  the  scale  is 
evidence  of  the  presence  of  internal  strains.  Reaming  removes  the 
most  intensely  strained  metal  at  the  immediate  sides  of  the  holes, 
but  commonly  does  not  remove  all  that  was  disturbed  dui'ing  the 
operation  of  punching. 

At  occasional  intervals,  internal  strains  may  be  introduced  by  the 
use  of  the  drift-pin.  When  it  is  considered  that  the  drifting  of  a  1-in. 
hole  much  beyond  j;jj\-^  in.  over-strains  the  metal  and  introduces 
initial  strains,  it  may  be  seen  that  any  use  whatever  of  the  drift-pin  is 
likely  to  be  attended  with  the  introduction  of  initial  strains.  The 
result  may  not  be  objectionable  in  a  practical  way  necessarily,  but  such 
treatment  contributes  toward  causing  that  divergence  of  the  stress- 
strain  curve  in  its  upper  portion  from  the  right  line  representing  a 
metal  of  no  sets. 
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The  contraction  of  the  rivets,  in  cooling  after  driving  in  the  direc- 
tion of  their  length,  is  also  a  cause  for  the  introduction  of  internal 
strains.  Kivets,  in  cooling  down  over  a  range  of  from  900  to  1000° 
Fahr..  contract  some  five  or  si.x  times  the  distance  which  will  extend 
thciu  to  their  clastic  limits  when  cold.  Provided  the  plates  which 
are  being  riveted  are  nearly  flat,  and  lie  close  together,  the  contraction 
of  the  rivets  should  exert  a  pressure  approximating  the  elastic  limit 
of  the  rivet  metal. 

Assuming,  however,  that  the  contractile  force  is  only  30  000  lb. 
per  sq.  in.  on  the  stems  of  the  rivets,  the  aggregate  gripping  force 
reaches  a  very  formidable  amount  in  a  column  of  this  type.  On  one 
of  the  longer  columns  of  this  series,  the  total  gripping  force  of  the 
rivets  through  the  web-plates  and  lattice  bars,  on  the  above  basis, 
reaches   a   total   of  more  than   20  000  000  lb. 

The  section  of  the  column  within  the  limits  of  the  gauged  length 
of  240  in.  included  456  rivets  driven  through  the  web-plates.  The 
estimated  contractile  force  on  this  part  of  the  column  exceeds 
9  000  000  lb.  The  ratio  of  the  annulus  of  the  rivet  head  to  the  area 
of  the  stem  is  1.35,  from  which  it  follows  that  a  contractile  force  of 
30  000  lb.  per  sq.  in.  on  the  stems  would  cause  a  mean  compressive 
stress  of  22  200  lb.  per  sq.  in.  under  the  heads. 

From  the  above  statement  of  the  case,  it  would  appear  that  the 
internal  condition  of  the  column  is  one  characterized  by  the  com- 
plexity of  the  strains  which  are  present.  The  metal  is  not  in  a  state 
of  repose  initially,  that  is,  prior  to  receiving  the  loads  of  the  testing 
machine,  or  such  as  would  come  on  it  when  in  its  place  as  a  structural 
member.  The  factors  mentioned  are  believed  to  be  adequate  to  account 
for  the  gradual  flattening  of  the  upper  part  of  the  stress-strain  curves, 
as  they  were  found  and  illustrated  on  Fig.  6. 

Permanent  yielding  clearly  took  place  for  some  time  prior  to  reach- 
ing the  maximum  stress;  and,  logically,  sets  would  be  expected  to 
appear  first  in  localities  where  the  internal  strains  augmented  the 
effects  of  the  loads  applied  in  the  testing  machine.  Scaling  in  the 
body  of  the  column  was  first  observed  in  the  vicinity  of  the  rivets, 
a  very  natural  place,  it  would  seem,  for  the  metal  to  display  the  first 
signs   of   overstraining. 

On  a  close  approach  to  the  ultimate  resistance,  time  becomes  a 
factor  in  the  total  amount  of  compression  displayed  by  the  column, 
the  full  compression  not  being  reached   immediately,   as  in  the  case 
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where  no  part  of  the  metal  is  strained  beyond  its  elastic  limit.  The 
loads  on  Columns  Nos.  2,  3,  and  5  were  maintained  for  different 
periods  of  time,  during  which  intervals  the  amount  of  compression 
increased  without  advance  of  load.  The  flattened  tops  of  the  plotted 
curves  show  where  loads  were  held  in  this  manner,  the  intervals  of 
time  being  1  hour  4  min.,  2  hours  2  min.,  and  9  min.,  respectively. 
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The  apparent  ultimate  resistance  of  a  column  would  doubtless  be 
lowered   by   prolonged    loading.      In    the   present   tests,    however,    the 
critical  zone  in  which  this  result  would  be  experienced  is  believed  to 
have  been  but  a  narrow  one. 

Fig.  7  shows  the  relative  compression  of  Column  No.  3,  when 
measured  on  the  net  section  of  the  body  and  when  measured  from 
center  to  center  of  the  pins. 
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W.  H.  Williams,  Esq.  (by  letter). — Before  entering  upon  the  dis-  Mr. 
eussion  of  the  more  essential  elements  of  the  problem  presented  by 
this  paper,  it  seems  worth  while  to  correct  one  or  two  misapprehensions 
under  which  Mr.  Riggs  seems  to  labor,  and  to  call  attention  to  the 
rather  extraordinary  temper  in  which  he  approaches  the  grave  questions 
with  which  he  deals. 

Mr.  Riggs'  first  serious  misapprehension  is  that  railway  officers,  as 
a  class,  are,  with  substantial  unanimity,  opposed  to  any  official  valua- 
tion of  railway  properties,  and  that  this  opposition  was  voiced  through 
the  writer's  discussion  of  Professor  Henry  C.  Adams'  paper  in  favor 
of  valuation,  at  the  last  annual  (December,  1909),  meeting  of  the 
American  Economic  Association.  Of  course,  on  that  occasion,  the 
writer  spoke,  as  he  now  speaks,  only  for  himself,  but,  more  than  that, 
he  then  expressly  disclaimed  any  such  opposition,  undertook  to  make 
suggestions  as  to  the  manner  in  which  a  proper  valuation  could  be 
obtained,  and  directed  his  criticisms  plainly  at  a  proposal  which  con- 
templated, as  he  then  observed: 

"An  incomplete  and  misleading  valuation  bearing  the  stamp  and 
carrying  the  weight  of  governmental  sanction,  which  can  be  of  no 
practical  advantage  to  the  Government,  the  public,  or  the  railways; 
but  may  easily  injure  the  public  and  the  railways  by  disturbing  the 
confidence  of  the  former  and  hampering  the  activities  of  the  latter." 
*  Continued  from  January,  1911,  Proceedings. 
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Mr.  The  writer  then  added: 

Williams. 

"It  seems  very  clear  that  such  a  valuation  as  is  proposed  would 
be  wholly  useless  to  the  Government  for  any  practical  purpose,  because 
it  would  omit  so  many  factors  essential  to  any  fair  appraisement  of  the 
worth  of  the  enterprises  as  going  concerns." 

Bearing  in  mind  that  the  foregoing  was  addressed  to  the  particular 
proposal  made  by  Professor  Adams,  that  being  the  topic  on  which  the 
writer  was  invited  to  speak,  a  proposal  expressly  limited  to  the  ascer- 
tainment of  cost  of  reproduction  less  depreciation  (the  equivalent  of 
cost  of  replacement  with  second-hand  materials  in  a  condition  equiva- 
lent to  that  of  the  materials  in  use  and  hereinafter  referred  to  as 
"cost  of  replacement")  under  the  pseudonym  of  "physical  value"  (or 
sometimes  "inventory  value"),  it  would  seem  as  though  Mr.  Riggs 
should  sympathize  with  the  writer's  view,  rather  than  with  that  of 
Professor  Adams.  Certainly,  Mr.  Riggs  is  fully  aware  of  the  inade- 
quacy of  mere  cost  of  replacement  to  serve  any  useful  purpose,  for, 
after  saying  that: 

"No  account  may  be  taken  of  the  purpose  for  which  the  resultant 
figure  of  value  is  to  be  used;  and  the  result  should  not  vary,  no  matter 
what  the  purpose  may  be." 

He  says,  in  another  place: 

«*  *  *  it  is  clear  that  the  worth  of  the  physical  property, 
being  the  cost  of  reproduction  less  depreciation,  is  not  necessarily  the 
value  of  the  property.     *     *     *" 

And,  defining  what  he  calls  the  "non-physical  or  intangible  elements 
of  value,"  says: 

"These  are  those  things  which,  added  to  or  taken  from  the  worth 
of  the  physical  property,  make  up  the  value,  and  include  whatever 
accrues  to  the  property  by  reason  of  its  operation,  or  by  reason  of 
grants,  contract  rights,  competition,  or  location,  which  at  the  time  of 
appraisal  affect  favorably  or  unfavorably  the  worth  of  the  property." 

The  second  misapprehension  that  is  worthy  of  notice  seems  to  have 
grown  out  of  a  curious  sensitiveness,  on  the  part  of  Mr.  Riggs,  as  to 
any  suggestion,  other  than  his  own,  of  criticism  of  any  work  under- 
taken or  theories  advanced  by  Professor  Adams.  As  to  every  reader, 
other  than  Mr.  Riggs,  it  is  surely  quite  unnecessary  to  say  that  no 
attack  has  been  made  upon  Professor  Adams  by  the  writer  at  the  New 
York  meeting  of  the  American  Economic  Association  or  anywhere 
else.  Certainly,  it  will  be  conceded  that  some  difficulty  would  attend 
an  effort  to  respond  to  an  invitation  to  discuss  before  a  scientific  body 
a  paper  written  by  one  of  its  members  without  making  any  allusion  to 
the  author  of  the  paper  or  to  his  views  or  work,  and  those  who  have 
any   knowledge    of   the   history    of   official    railway   valuations    in   the 
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United  States,  and  especially  of  the  proposal  to  undertake  a  Federal  Mr. 
investigation  of  cost  of  replacement,  are  fully  aware  that  Professor 
Adams  has  been  from  the  beginning,  and  now  is,  the  Hamlet  of  the 
drama,  without  whom  it  would  become  dull  and  lifeless.  Strangely 
cMiough.  ^[r.  Riggs  seems  to  wish  to  deny  to  Professor  Adams  this 
prominence,  for  he  says: 

"Professor  Adams  was  associated  with  the  Michigan  appraisal,  but 
had  no  connection  whatever  with  the  'physical  valuation,'  to  which 
such  objection  is  taken,  and  his  appointment  was  made  after  the  work 
of  physical  valuation  had  been  fully  outlined  and  was  well  under  way." 

It  is  true  that  the  scheme  devised  by  Professor  Adams,  and  adopted 
at  his  suggestion  by  Governor  Pingree,  required  the  employment  of 
civil  engineers  for  the  preliminary  work  which  necessarily  had  to 
precede  the  final  "valuation"  by  Professor  Adams,  but  the  bare  state- 
ment of  this  fact  is  utterlj'  misleading.  Professor  Adams'  own  testi- 
mony in  one  of  the  Michigan  tax  cases  happily  places  his  responsi- 
bility for  the  whole  plan  entirely  beyond  controversy.    He  said: 

"In  1900  I  was  called  upon  by  the  Michigan  State  Tax  Commission 
to  determine  whether  railroads  wei-e  paying  a  tax  rate  on  their  value 
equal  to  the  rate  on  other  property.  With  that  problem  in  view,  I 
formulated  this  inventory  plan.     *     *     *"* 

Any  discussion  of  the  proposal  for  a  National  inquiry  concerning 
cost  of  replacement  which  omits  to  show  that  its  most  persistent 
advocate.  Professor  Adams,  has  advocated  and  actually  conducted  or 
controlled  several  successive  "valuations,"  in  Michigan,  as  Statistician 
to  the  Interstate  Commerce  Commission,  and  as  special  employee  of 
the  Bureau  of  the  Census,  made  in  accordance  with  other  methods  than 
those  which  he  now  proposes  to  apply,  is  seriously  inadequate;  as 
seriously  inadequate  as  it  would  be  to  omit  to  state  that,  using  what 
purported  to  be  the  same  method.  Professor  Adams,  by  changing  the 
details  of  its  application  and  decreasing  the  rates  of  interest  used  in  his 
computations,  raised  his  "valuation"  of  Michigan  railways  from 
$152  958  202  to  $177  689  292  or  16.17%,  each  of  the  two  calculations 
being  presented  to  the  public,  with  assurances  that  it  disclosed  the 
actual  taxable  value,  and  there  being  barely  eighteen  months  between 
them.  The  writer  is  by  no  means  alone  as  an  object  of  Mr.  Riggs'  dis- 
satisfaction because  of  public  criticisms  of  Professor  Adams'  plan  for 
Intimating  cost  of  replacement.  Thus,  of  a  statement  in  which 
Professor  Taylor,  who  conducted  the  Wisconsin  inquiry,  questioned 
tlie  validity  of  some  of  Professor  Adams'  methods,  he  writes: 

"Undoubtedly  this  statement  was  made  in  good  faith,  and  has 
gained  currency  by  not  having  been  corrected,  but  it  is  not  the  fact." 

*  Michigan  Central  vs.  Powers  Record,  p.  500. 
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Mr.  In  another  place,  referring  to  a  statement  of  comparative  costs  to 

Williams.  ^^^^  respective  States  for  valuation  work,  made  by  the  Railroad  Com- 
mission of  the  State  of  Washington,  he  says: 

"It  does  not  appear  to  be  good  taste  either  to  criticize  costs  of  work 
in  other  States,  or  compare  the  costs  in  Wisconsin  and  Michigan  with 
the  cost  in  Washington." 

Referring  to  a  paper  by  Charles  Hansel,  M.  Am.  Soc.  C.  E.,  who 
took  part  in  the  Michigan  valuation,  Mr.  Eiggs  says: 

"The  one  point  to  which  special  attention  is  drawn  is  Mr.  Hansel's 
astonishing  misconception  of  Professor  Adams'  plan  of  work.  This 
misleading  statement  appears  in  the  first  paper  and  is  reiterated  in  the 
second." 

Again,  of  the  report  of  the  expert  of  the  Washington  Railroad  Com- 
mission, who  had  the  temerity  to  declare  that  it  found  "little  value" 
either  in  Professor  Adams'  methods  or  his  estimates  of  the  cost  of  the 
work,  Mr.  Riggs  says: 

"Such  sentences,  and  others  which,  by  inference  if  not  by  name, 
reflect  on  work  executed  by  men  of  high  professional  standing,  are 
hardly  in  good  taste,  even  if  true,  in  a  report  to  a  railroad  commission 
of  another  State." 

Yet  Mr.  Riggs  does  not  fail  to  criticize  the  method  of  "valuation," 
applied  by  Professor  Adams  in  Michigan,  in  terms  quite  as  definite  as 
any  used  by  others. 

Thus,  he  condemns  the  method  used  to  estimate  the  value  of  the 
non-physical  elements  appertaining  to  the  Michigan  railways,  on  the 
grounds  (first)  that  it  made  this  value  a  mere  derivative  of  the  rates 
existing,  and  (second)  that  it  made  no  allowance  for  negative  values 
v?hen  cost  of  replacement  exceeded  real  value,  saying: 

"It  will  be  seen  that,  in  the  case  of  a  property  in  which  the  surplus 
earnings  depend  on  excessive  rates  for  service,  it  will  fail  as  a  method 
of  determining  a  value  for  use  as  a  basis  of  rate-making;  and  it  fails, 
in  the  form  in  which  it  was  used  in  1900  and  1902,  to  bring  out  those 
negative  or  subtractive  elements  which  may  be  determined  from  the 
income  accounts,  in  the  case  of  properties  which  do  not  earn  a  fair 
return  on  the  investment." 

Of  the  published  statistics  of  American  railways,  compiled  in  the 
office  of  which  Professor  Adams  is  the  responsible  head,  derived  from 
annual  reports  made  in  accordance  with  forms  prescribed  by  the  Inter- 
state Commerce  Commission  under  his  guidance,  and  containing  items 
selected  from  and  depending  on  the  uniform  railway  accounting  system 
devised  by  Professor  Adams  and  imposed  on  the  carriers  by  the  Com- 
mission, Mr.  Riggs  writes : 

"The  published  statistics  are  in  such  form  that  only  the  careful 
student  of  affairs  can  understand  or  analyze  them,  and  but  few  of  the 
public  officials  who  receive  them  are  able  to  read  the  reports  of  the 
properties  and  comprehend  them." 
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Kailway  officers  fall  quite  generally  under  Mr.  Riggs'  condemna-      Mr. 

r  £  j.\.         1  Williams. 

tion,  tor,  01  them  he  says: 

"As  a  body  *  *  *  it  is  doubtful  if  any  equal  number  of  men, 
of  equal  intelligence,  have  as  limited  a  knowledge  of  the  fundamental 
truths  of  government,  or  knowledge  so  colored  by  bias.  It  is  also  doubt- 
ful whether  any  equal  number  of  men  have  in  their  ranks  so  few  who 
bear  an  active  part  in  the  duties  and  activities  of  citizenship,  or  who 
exercise   large   influence   on   their  neighbors." 

Such  assertions  as  the  foregoing  need  no  comment;  their  intemper- 
ance is  their  most  effective  refutation;  yet  a  few  recent  examples  may 
be  cited:  Paul  Morton  resigned  as  Vice-President  of  the  Atchison, 
Topeka  and  Santa  Fe  to  become  Secretary  of  the  Navy  in  Mr.  Roose- 
velt's cabinet;  Jacob  M.  Dickinson,  General  Solicitor  of  the  Illinois 
Central,  became  Mr.  Taft's  Secretary  of  War;  his  successor  with  the 
Illinois  Central,  "William  S.  Kenyon,  later  became  Special  Assistant 
of  the  Attorney-General;  Lloyd  W.  Bowers,  General  Solicitor  of  the 
Chicago  and  Northwestern,  was  Solicitor-General  of  the  United  States 
from  early  in  Mr.  Taft's  administration  until  his  death  a  few  months 
ago.  Thus,  within  but  four  or  five  years,  the  Federal  Government 
took  four  of  its  highest  officers  from  the  railway  officers  located  in 
only  one  of  the  country's  great  cities — Chicago. 

Of  a  recent  address  by  one  of  the  ablest  and  most  public-spirited 
of  railway  officers,  he  says: 

"This  address  well  expresses  the  spirit  of  the  railway  managers  and 
employees  toward  all  forms  of  investigation,  and  the  complete  lack  of 
understanding,  on  the  part  of  these  managers,  of  the  legal  and  moral 
relations  which  they  bear  to  the  communities  which  they  serve." 

Belonging  to  this  so  hateful  class,  and  having  also  ventured  to 
question  whether  Professor  Adams  has  said  the  last  and  most  perfect 
word  on  the  subject  of  railway  valuation,  the  writer  is  neither  sur- 
prised nor  disheartened  to  find  that  he,  also,  has  caused  Mr.  Riggs 
undisguised  dissatisfaction.  It  is  a  misfortune  apparently  inseparable 
from  his  profession  and  his  conception  of  his  obligations  to  his 
employers  and  to  the  public. 

As  has  been  already  noted  herein,  the  question  is  not  whether 
railway  property  shall  be  officially  "valued,"  but  rather  (first)  as  to 
how  the  "value"  which  is  to  be  ascertained  is  properly  to  be  defined, 
and  (second)  how  the  determination  of  "value,"  as  properly  defined, 
can  be  made  most  accurate. 

The  essential  difference  between  the  view  advocated  before  the 
American  Economic  Association  by  Professor  Adams  and  that  of  the 
writer  was,  and  is,  that  the  former  now  desires  to  exclude  all  elements 
of  value  which  are  not  physical  and  tangible,  while  the  writer  holds 
that,  if  it  is  worth  while  to  ascertain,  on  a  general  scale,  at  the  cost 
of  a  necessarily  large  expenditure  of  taxpayers'  money,  and  as  to  a 
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Mr. 
Williams. 


particular  date,  so  unstable  a  fact  as  railway  value,  the  kind  of  value 
the  ascertainment  of  vphich  could  be  of  sufficient  utility  to  warrant  the 
effort  can  be  nothing  less  significant  than  the  "fair  value"  which  the 
Courts  have  said  is  a  proper  element  for  consideration  in  fixing 
reasonable  rates  of  charge.  The  fundamental  difference  between  these 
two  conceptions  of  value  is  admirably  indicated  by  the  following  quota- 
tions, both  of  which  rest  on  the  authority  of  the  Interstate  Commerce 
Commission. 


Replacement  Cost. 

"The  bill  in  question  makes 
use  of  the  phrase  'fair  value.' 
Unless  there  is  some  legislative 
necessity,  which  we  do  not  per- 
ceive, we  question  the  advisa- 
bility of  using  this  phrase. 

"It  would  seem  to  us  prefer- 
able to  substitute  a  phrase  which 
indicates  the  fact  that  Congress 
desires  an  inventory  valuation  of 
railway  property.  By  inventory 
valuation  is  meant  that  the  prop- 
erty of  the  several  railways  shall 
be  listed  in  detail,  and  that  each 
kind  or  class  of  property  so  listed 
shall  have  assigned  to  it  a  valua- 
tion to  be  determined  from  the 
point  of  view  of  the  contracting 
engineer,  and  not  from  the  point 
of  view  of  a  court  or  board  of  arbi- 
tration which,  from  the  nature  of 
the  case,  cannot  judge  of  what  is 
'fair  value'  except  in  the  light  of 
some  specific  use  to  be  made  of 
the  valuation." 

Letter  of  Hon.  Martin  A.  Knapp,  Chair- 
man of  the  Interstate  Commerce  Com- 
mission, to  Hon.  Stephen  B.  Elkins,  Chair- 
man of  the  Senate  Committee  on  Interstate 
Commerce,  covering  a  then  pending  bil) 
providing  for  railway  valuation,  March 
25th,  1908. 

As  has  already  been  noted  herein,  and  amply  verified  by  quota- 
tions, Mr.  Riggs  is  fully  aware  that  replacement  cost  and  real  value 
can  rarely,  if  ever,  coincide,  and  therefore  plainly  agrees,  as  to  that 
elementary  and  essential  point,  with  the  writer  and  disagrees  with 
Professor  Adams,  who  would  ignore  or  destroy  every  non-physical 
element  of  value  in  the  property  of  all  public  service  corporations. 
Mr.  Riggs'  recognition  of  the  inadequacy  of  mere  replacement  cost  is 
shown  also  by  the  excellent  and  convincing  example  which  he  cites* 

*  Proceedings,  Am.  Soc.  C.  E.,  for  November,  1910,  pages  1386-7. 


Fair  Value. 

"The  present  value  of  a  rail- 
road property  is  necessarily  very 
largely  a  matter  of  opinion  only; 
it  depends  upon  a  vast  number 
of  contingencies  and  uncertan- 
ties,  a  road  apparently  of  great 
value  to-day  may  soon  become 
worthless  by  the  opening  of  a 
competing  line  having  superior 
advantages  or  by  the  competitive 
struggles  of  other  lines  which 
operate  to  reduce  the  income  of 
all;  the  value  of  a  railroad  largely 
results  from  the  personal  char- 
acteristics of  its  ofiicials;  the 
policy  pursued  by  directors  for 
the  conservative  and  economical 
or  progressive  and  daring,  is  a 
great  factor  in  the  determination 
of  the  current  value  of  the  prop- 
erty; a  railroad  property  is  not 
necessarily  worth  what  it  would 
cost  to  replace  it  and,  on  the  other 
hand,  it  may  be  worth  very  much 
more  than  that." 

Second    Annual    (1888^    Report    of    the 
Interstate  Commerce  Commission,  p.  C4. 
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of  competitive  railway  routes  between  two  Michigan  cities  which  were  Mr. 
built  and  are  maintained  and  operated  under  such  conditions  that  the  ^'^'"'^'"s. 
far  more  costly  of  the  two,  which  inferentially  has  correspondingly 
higher  replacement  cost,  has  much  lower  earning  capacity,  both  as  to 
gross  and  net,  and  is  therefore  actually  worth  much  less  than  its  less 
costly  competitor.  Mr,  Riggs  explicitly  favors  full  recognition  of  the 
non-physical  elements  in  every  valuation;  and,  therefore,  may  be 
ranked  as  an  opponent  of  any  such  scheme  of  valuation  as  that 
advocated  by  Professor  Adams  before  the  American  Economic  Associa- 
tion, or  in  the  letter  of  the  Chairman  of  the  Interstate  Commerce 
Commission,  hereinbefore  quoted. 

Mr.  Kiggs,  however,  believes  that  the  determination  of  the  cost  of 
replacement  is  an  essential  first  step  toward  the  ascertainment  of  real 
ralue.    He  says : 

"The  worth  of  the  physical  property  is  primarily  that  on  which  the 
value  of  the  whole  property  rests." 

The  thought  which  the  writer  would  place  in  opposition  to  the  fore- 
going is  that:  Physical  property  has  no  value  which  is  not  an  expression 
of  its  adaptation  to  economic  needs.  This  is  only  another  way  of  express- 
ing the  inevitable  economic  law,  from  which  there  is  no  escape,  either 
in  theory  or  in  practice,  that  has  been  stated  and  sanctioned  by  the 
Supreme  Court  of  the  United  States,  as  follows: 

"But  the  value  of  property  results  from  the  use  to  which  it  is  put, 
and  varies  with  the  profitableness  of  that  use,  present  and  prospective, 
actual  and  anticipated.  There  is  no  pecuniary  value  outside  of  that 
which  results  from  such  use."* 

Mr.  Riggs'  own  definition  of  value  is  not  inconsistent  with  the 
foregoing.  ^  He  says : 

"The  value  of  a  property  is  its  estimated  worth  at  a  given  time, 
measured  in  money,  taking  into  account  all  the  elements  which  add  to 
its  usefulness  or  desirability  as  a  business  or  profit-earning  proposi- 
tion." 

The  view  of  Mr.  Riggs  is  that : 

"While  *  *  *  the  worth  of  the  physical  property,  being  the 
cost  of  reproduction  less  depreciation,  is  not  necessarily  the  value 
of  the  property,  *  *  *  the  physical  worth  must  bear  some  very 
definite  relation  to  value.     *    *    *" 

And  he  is,  further: 

"Strongly  of  the  conviction  that  this  relation  is  such  that  'value' 
cannot  be  ascertained  without  a  determination  of  physical  worth." 

It  is  exceedingly  difficult  to  comprehend  just  what  Mr.  Riggs  means 
when  he  describes  the  relation  between  real  value  (which  he  recognizes 
so  clearly  as  value  in  use)  and  cost  of  replacement  as  "very  definite." 

*  C,  C,  C.  &  St.  L.  Ry.  vs.  Backus,  154  U.  S.,  44.'>. 


Williams. 
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Mr.  Certainly,  he  does  not  mean  that  it  is  a  constant  relation,  or  one  which 
can  be  ascertained  until  there  has  been  independent  determination  of 
both  of  the  aggregates  whose  relation  it  expresses.  In  fact,  the 
emphasis  which  Mr.  Riggs  places  on  replacement  cost  has  led  him  into 
the  grotesque  fallacy  of  arguing  that  a  correct  estimate  of  real  value 
is  only  to  be  attained  by  ascertaining:  (first)  cost  of  replacement, 
(second)  real  value,  and  (third)  correcting  the  aggregate  first  obtained 
by  applying  whatever  "very  definite"  relation  (ratio)  is  necessary  to 
make  it  agree  with  the  second  aggregate,  which  was  from  the  beginning 
the  only  aggregate  really  wanted.  The  accuracy  of  this  characteriza- 
tion of  his  proposed  procedure  is  made  perfectly  clear  by  the  following 
quotation : 

a*  *  *  ^iie  ^rug  method  of  valuing  a  corporate  property  is  first 
to  determine  the  cost  of  reproduction  of  the  property  and  its  deprecia- 
tion, and  modify  this  figure  by  any  applicable  positive  or  negative  non- 
physical  elements  of  value." 

It  is  submitted  that  the  clear  meaning  of  the  foregoing  is  that 
both  replacement  cost  and  real  value  as  derived  from  use  must  be 
separately  and  independently  ascertained,  and  that,  these  aggregates 
having  been  compared,  the  former  is  to  be  corrected  by  whatever 
allowance  for  non-physical  value  may  be  required  to  make  it  agree 
precisely  with  the  latter.  The  obvious  suggestion  flowing  from  this 
discovery  of  his  theory  is  that  only  value  in  use  is  wanted,  as  that  is 
the  only  real  value,  and  as  it  must  be  separately  ascertained  in  any 
event,  no  other  and  pseudo  value  need  be  taken.  The  essential  charac- 
ter of  the  method  is  as  described,  even  when  it  is  applied  through 
determination  of  the  annual  value  of  the  use  and  the  assignment  of 
one  portion  of  such  annual  value  to  return  on  the  capital  value  of  the 
physical  property  and  another  portion  to  return  on  the  capital  value 
of  non-physical  property.  The  real  nature  of  the  method  is  not  even 
effectually  concealed  by  the  capitalization  of  the  income  assigned  to 
physical  property  at  one  rate  and  the  income  assigned  to  non-physical 
property  at  a  different  and  higher  rate.  In  fact,  if  it  is  necessary  to 
conclude  that  a  portion  of  the  net  annual  income  of  railway  property 
is  normally  paid  to,  or  in  respect  of,  a  portion  of  capital  entitled  to  a 
lower  rate  of  return,  and  the  remainder  to  or  in  respect  of  a  remainder 
of  capital  entitled  to  a  higher  rate,  the  appraisal  of  the  physical  prop- 
erty is  an  excessively  costly,  cumbersome,  and  inaccurate  expedient  for 
determining  the  amount  or  value  of  either  portion  of  the  capital.  Yet 
that  is  exactly  what  was  done  in  Michigan  by  Professor  Adams,  the 
"valuation"  he  then  made  being  completed  before  he  altered  his  view 
by  deciding  that  the  non-physical  elements  of  value  are  entitled  to  no 
consideration  whatever,  and  that  only  cost  of  replacement  is  worthy 
of  inclusion  in  an  official  "valuation." 

But  is  there  any  real  distinction  between  the  "physical  properties" 
and  the  "immaterial  elements,"  such  as  the  foregoing  extract  seems 
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to  assume?     Is  not  tlie  supertioial   appearance  of  such   a   distinction      Mr. 
plausible  but  deceptive?     A   locomotive  is  an  entity;  so  is  a  railway,  ^^''^ams. 
The  separate  parts  of  a  locomotive  are  most  of  them  independently 
valuable;  so  are  the  separate  parts  of  a  railway;  but  a  large  share  of 
the  value  of  the  locomotive  is  the  result  of  the  nice  adjustment  of  these 
separate  parts  to  each  other  and  to  the  work  to  be  done. 

Take  a  hundred  diiferent-sized  locomotives,  each  adapted  to  different 
work  under  different  conditions,  and  separate  each  piece  of  metal;  it 
would  be  possible  to  value  all  these  parts,  but  the  aggregate  would  be 
far  less  than  the  value  of  the  locomotives  from  which  they  were  taken. 
Again,  it  would  be  possible  to  construct  from  these  parts  a  hundred 
locomotives  of  such  poor  design,  their  respective  parts  so  out  of  adjust- 
ment and  balance,  that  they  would  be  worth  even  less  than  the  parts 
out  of  which  they  were  assembled.  The  highest  paid  intelligence  has 
not  yet  contrived  the  perfectly  balanced  locomotive,  but  a  large  part  of 
the  so-called  "physical  value"  of  every  locomotive  represents  this  sort 
of  highly  paid  intelligence  put  forth  at  every  stage  from  the  opening 
of  the  mine  where  the  ore  was  obtained  to  the  delivery  of  the  com- 
pleted locomotive.  Take  ten  railways  of  a  thousand  miles  each,  every 
one  of  them  efficiently  constructed,  and  equipped  with  proper  termi- 
nals, stations,  signals,  rolling  stock,  and  trained  employees,  and  each 
properly  adapted  to  the  requirements  of  its  territory  and  traffic; 
separate  them  into  piles  of  ties  and  rails,  groups  of  locomotives  and  cars, 
acres  of  land,  unorganized  bodies  of  men  of  varied  capacity  and  training; 
what  sort  of  intelligence  will  it  require  to  build  up  out  of  these  masses 
ten  railways  as  efficient  and  useful  as  those  that  originally  existed? 
Why,  then,  should  the  "physical  value"  of  the  locomotive  include  the 
assembling  of  its  parts  in  proper  balance  and  the  "physical  value"  of 
the  railway  exclude  the  cost  of  the  much  more  complicated  adjustment 
of  its  elements  of  machinerj'  and  labor  and  location  to  each  other? 

At  an  early  point  in  his  discussion,  },\t.  Iviggs  makes  an  announce- 
ment, highly  becoming  on  the  part  of  one  who  proposes  to  deal  with 
the  problem  solely  from  the  point  of  view  of  a  civil  engineer,  that  he 
does  not  intend  to  argue  the  public  utility  of  any  sort  of  valuation, 
but  only  the  method  by  which  it  may  best  be  made,  should  one  be 
determined  upon.       He  says : 

"This  paper  is  confined  to  a  discussion  of  the  methods  which  should 
be  used  in  arriving  at  a  correct  figure  of  cost  of  reproduction  and 
depreciation — it  does  not  take  up  questions  involving  the  propriety 
of  those  figures  when  reached.  The  propriety  or  legality  of  using  such 
figures  as  a  basis  for  an  assessed  valuation,  as  a  basis  for  rate-making 
(rate-making  being  an  art  in  itself  involving  complications  as  great  as 
those  encountered  in  valuation),  or  any  arguments  as  to  the  justice  or 
injustice  of  legislation  restricting  issues  of  stocks  or  bonds,  will  be 
conceded  no  place  in  this  paper.  It  is  assumed  that  all  these  questions 
would  have  been  taken  up  and  a  satisfactory  answer  reached  before  a 
valuation  could  have  been  ordered." 
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Mr.  Two  pages  after  the  foregoing  paragraph,  under  the   sub-heading 

Williams.  urj^Yie  Eelation  of  Public  Service,  or  Quasi-Public  Corporations,  to  the 
People,"  Mr.  Riggs  proceeds  to  violate  the  wise,  though  self-imposed 
restriction,  and  devotes  no  less  than  eleven  pages  to  a  defense  of  the 
project  on  grounds  of  alleged  public  policy.  In  these  pages  he  con- 
cludes that  such  a  valuation  as  he  proposes — not  a  mere  determination 
of  replacement  costs,  but  a  real  valuation,  with  proper  allowance  for 
all  elements  of  value  in  use — would  be  of  service  in  connection  with 
(o)  taxation,  (Z>)  public  control  of  rates,  and  (c)  public  control  of 
issues  of  capital  securities. 

In  siipporting  valuation  as  an  expedient  in  taxation  of  railway 
property,  Mr.  Riggs  seems  to  rely  on  a  table  made  up  from  Professor 
Adams'  Bulletin  No.  21,  as  expert  employed  by  the  Federal  Bureau 
of  the  Census,  which  table  shows  that  the  assessment  of  the  railways  of 
Wyoming  for  taxation  purposes  in  1904  was  but  7.5%  of  their  com- 
mercial valuation,  as  estimated  by  Professor  Adams,  and  that  this  ratio 
varied  greatly  throughout  the  different  States,  running  as  high  as 
114.4  in  Connecticiit.  Of  course,  nearly  every  one  knows,  even  if  Mr. 
Riggs  does  not,  that  the  relation  between  the  real  value  and  the 
assessed  value  of  all  other  kinds  of  property  varies  greatly  from  State 
to  State,  and  even  in  different  portions  of  the  same  State.  On  account 
of  this  variation,  no  table  such  as  that  offered  by  Mr.  Riggs  in  support 
of  his  argument  can  have  any  value  unless  supplemented  and  explained 
by  data  covering  the  assessment  of  other  kinds  of  property.  It  is 
worth  noting,  en  passant,  that  the  so-called  "Commercial  Valuation," 
on  which  Mr.  Riggs  rests  this  part  of  his  argument,  assigns  a  value 
equivalent  to  $32  054  per  mile  to  the  railways  of  Michigan  and  one  of 
$45  211  per  mile  to  the  railways  of  the  prairie  State  of  Nebraska. 
Possibly  this  variation  in  the  estimate  of  value  is  partly  expressed  in 
the  conclusion  that  Michigan  railways  are  assessed  at  70.9%  of  their 
value  and  Nebraska  railways  at  but  18.5  per  cent.  Obviously,  there  is 
no  more  need  of  uniformity  among  the  States  in  the  taxation  of  rail- 
way property  than  in  their  methods  of  deriving  revenue  from  other 
kinds  of  property. 

Also,  Mr.  Riggs  admits  that,  when  the  Michigan  valuation  for 
taxation  was  made,  it  was  not  diminished,  as  it  should  have  been,  by 
the  use  of  negative,  non-physical  value.  This  is  fully  equivalent  to  an 
admission  that  the  method  was  unjust  to  every  railway  not  capable  of 
earning  the  full  return  on  its  replacement  cost.    He  says : 

"The  use  of  a  negative  or  subtractive  non-physical  value  was  con- 
sidered, and  advised  by  Professor  Adams.     *     *     * 

"Professor  Adams  and  his  associates,  therefore,  applied  only  positive 
values,  where  any  such  were  found,  although  advocating  the  use  of 
negative  values." 
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And,  of  the  method  then  used,  ho  says :  Mr. 

"*  *  *  it  fails,  in  the  form  in  which  it  was  used  in  1900  and 
1902,  to  bring  out  those  negative  or  subtractive  elements  which  may  be 
determineil  from  the  income  accounts,  in  the  case  of  properties  which 
do  not  earn  a  fair  return  on  the  investment." 

And  again: 

<i*  *  *  •where  tlie  earnings  have  been  fairly  uniform  and  sta- 
tionary for  a  period  of  years,  and  the  property  does  not  earn  a  sufficient 
sum  to  care  for  depreciation  and  annuity,  it  is  clear  that  the  value  as 
an  earning  investment  is  less  than  the  determined  physical  value,  and 
that  the  phj'sical  valuation  should  be  reduced  by  some  amount  to 
arrive  at  the  'fair  value.'  " 

In  his  argument  favoring  the  use  of  a  valuation  in  rate-making, 
Mr,  Riggs  affords  no  support  to  Professor  Adams'  contention  that,  for 
that  purpose,  only  replacement  cost  should  be  considered,  and  that, 
after  fixing  the  rates  on  the  basis  of  the  least  favorably  located  and 
least  efficient  line,  so  as  to  afford  it  a  bare  return  on  its  replacement 
cost,  the  surplus  earnings  at  the  same  rates  of  its  more  favorably 
located  or  better  operated  competitors  should  be  confiscated  under  the 
guise  of  a  special  tax.  This  extraordinary  proposal,  the  character  of 
which  is  so  illuminating  as  to  the  attitude  toward  railway  property 
and  investments  of  the  most  prominent  and  persistent  advocate  of 
so-called  "physical  valuation,"  is  best  stated  in  Professor  Adams'  own 
words,  which  are  as  follows : 

"I  cannot  evade  the  conclusion  that  equity,  as  between  various 
classes  of  roads,  can  never  be  attained  until  all  the  excess  of  revenue 
over  the  Constitutional  limit  be  made  a  contribution  to  the  public 
treasury,  and  that  this  contribution  be  made  as  a  substitute  for  all 
taxes  of  all  kinds  and  all  sorts."* 

On  the  contrary,  Mr.  Riggs  distinctly  upholds  the  right  to  earnings 
in  excess  of  the  bare  return,  at  the  minimum  rate  of  interest,  upon 
the  cost  of  replacement,  saying,  inter  alia: 

"It  is  contended  that  the  determination  of  rates  that  will  be  just 
and  fair  to  all  competing  companies  involves  other  consideration  than 
the  valuation  of  either  physical  or  intangible  properties,  and  that  when 
all  these  rate-making  problems  are  properly  solved,  there  will  remain 
large  intangible  values  on  the  well-designed  plants." 

Professor  Adams  has  himself  admitted  that  there  is  no  possibility 
of  utilizing  any  valuation  for  the  purpose  of  fixing  specific  rates,  as 
such  a  task  is  far  beyond  the  capacity  of  any  conceivable  system  of  cost 
accounting.  Supplementing  this  admission,  Mr.  Riggs'  opposition  to 
the  plan  proposed  by  the  former  and  its  gross  injustice,  so  apparent 
to  every  one  but  its  author,  destroys  the  last  element  of  plausibility  in 
the  suggestion  that  any  sort  of  valuation  could  be  of  utility  in  that 
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Mr.  connection.  The  writer  is  not  overlooking  the  fact  that  the  Courts, 
"*"^^-  when  under  the  necessity  of  repelling  efforts  to  confiscate  railway- 
properties  under  the  guise  of  rate  regulation,  and  in  view  of  the  form 
in  which  this  necessity  has  commonly  presented  itself,  have  accepted 
"fair  value"  as  an  element  of  importance  in  their  inquiries;  but  if 
the  railways  are  entitled  to  charge  rates  based  on  the  value  of  the 
services  they  perform,  it  is  clear  that  the  question  whether  a  rate  or  a 
schedule  of  rates  is  reasonably  adjusted  to  the  value  of  the  service  or 
services  is  very  different  from  the  question  whether  a  fair  return  upon 
fair  value  has  been  allowed.  Assuming,  however,  the  need  of  an 
appraisement  in  every  litigated  case  involving  railway  schedules,  it  is 
evident  that  each  case  would  have  to  have  its  own  appraisement,  for 
value  is  ever  changing  and  unstable.     Mr.  Riggs  himseK  says: 

"It  is  true  that  the  'value'  of  a  property  is  an  unstable  figure,  sub- 
ject to  fluctuations  due  to  natural  or  artificial  causes,  and  that  a 
material  change  in  value  may  occur  suddenly,     *     *     *" 

Professor  Adams  proposed  to  keep  his  replacement  cost  up  to  date 
by  annual  accretions  equal  to  annual  expenditures  for  extensions  and 
betterments;  but  this  plan  is  illogical  and  inconsistent,  for  it  proposes 
to  ignore  that  very  essential  difference  between  original  cost  (less  a 
proportionate  allowance  for  wear  and  tear)  and  present  worth,  which 
is  the  very  basis  of  the  argument  in  favor  of  any  valuation  at  all. 
Equally  obvious  objections,  growing  out  of  the  instability  of  the  ascer- 
tained value  of  any  particular  date,  apply  to  any  plan  which  does  not 
provide  for  a  re-appraisement  every  time  the  aggregate  is  to  be  used. 

The  objections  to  the  use  of  any  valuation  for  rate-making  which 
have  been  cited  are  valid,  and  should  be  convincing,  but  they  are 
insignificant  by  the  side  of  the  fundamental  objection  that,  as  Mr. 
Eiggs  says,  "as  a  business  proposition,  the  value  of  any  property  depends 
on  its  earnings,"  while  those  who  would  thus  utilize  a  valuation  are 
attempting  to  reverse  the  fact  and  make  earnings  depend  on  the  value. 
Such  a  reversal  is  impossible.  Ascertain  real  value  and  you  have  a  conse- 
quence of  earnings,  past,  present,  and  prospective,  nothing  else;  use 
this  as  a  basis  for  a  rate  schedule  and  you  get,  as  a  mathematical 
result,  the  present  rates.  The  only  way  to  derive  any  other  result  from 
this  method  would  be  to  use  as  the  basis  some  figure  other  than  the 
real  value,  a  method  which  would  only  be  resorted  to  through  moral 
turpitude  or  intellectual  incapacity.  One  might  almost  assume  that 
Mr.  Riggs  knows  this,  for  he  says : 

"Value  is  given  to  a  property,  either  by  reason  of  the  fact  that  it  is 
an  instrument  for  earning  profit,  or  that  it  does  earn  profit  or  gives 
promise  of  profit." 

The  substance  of  Mr.  Riggs'  argument  on  capitalization  control  is 
that  American  railways  are  not  often  over-capitalized,  but  such  evils 
do  obtain  in  other  industries,  and  therefore  railway  issues  of  capital 
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securities  ought  to  be  restricted.*  Unfortunately,  he  gives  no  clue 
to  the  methods  he  would  have  applied,  nor  as  to  how  far  he  would 
go  in  interference  with  the  normal  action  and  interaction  of  commer- 
cial forces  in  determining  what  securities  can  and  ought  to  be  issued. 
Kailways  are  not  over-capitalized.  Table  9,  a  comparison  of  official 
valuations  and  capitalization,  originally  compiled  by  Mr.  Slason 
Thompson,  is  instructive. 

TABLE  9. 


Mr. 
Williams. 


State. 

Year. 

Valuation  by 

commission  or 

tax  board. 

State  proportion  of 
capitalization. 

1907 
1909 
1909 
1909 
1908 

$411  735  194 
106  494  503 
284  006  000 
413  000  000 
186  007  490 

$334  979  691 

South  Dakota 

108  911000 

249  299  OfiO 

Texas 

412  465  743 

153  493  940 

Total 

$1  401  303  187 

$1  259  049  434 

Excess  of  total  valuation  over  total  capitalization •  —  $142  253  753 

In  view  of  frequent  suggestions,  in  the  public  press  and  elsewhere, 
which  indicate  that  there  is  a  wide-spread  opinion  that  the  securities 
of  railways  have  generally  been  watered,  Table  10  is  given.  It  is  an 
analysis  of  the  consolidated  balance  sheet  as  given  in  the  reports  of  the 
Interstate  Commerce  Commission  for  1908  and  1890. 

Table  11  shows  the  length,  in  miles,  of  main  and  other  tracks  in 
1908  and  1890. 

The  Commission,  in  its  annual  report,  shows  the  securities  issued 
per  mile  of  road  (first  main  track),  but  does  not  show  the  results  per 
mile  of  main  track  (i.  e.,  1st  main  track,  2d,  3d,  4th,  and  other  main 
tracks),  nor  does  it  show  the  results  per  mile  of  all  tracks  {i.  e.,  main 
tracks,  yard  tracks,  passing  tracks,  and  industrial  tracks).  From  the 
consolidated  balance  sheet,  it  will  be  noted  that  the  securities  per  mile 
of  road  have  increased  29%,  while  per  mile  of  main  track  they  have 
increased  only  24%,  and  per  mile  of  all  tracks  they  have  increased  but 
14  per  cent.  However,  deducting  the  investments  in  stocks  and  bonds 
of  other  corporations,  and  showing  the  results  only  for  the  securities 
issued  on  account  of  the  cost  of  road  and  12%  equipment,  we  have 
an  average  per  mile  of  road  of  $62  388,  an  increase  of  12% ;  and  an 
average  per  mile  of  all  main  tracks  of  $56  166,  an  increase  of  8% ; 
and  an  average  per  mile  of  all  tracks  of  $42  864,  or  a  decrease  of 
0.7  per  cent.  It  will  be  noted  that  a  considerable  part  of  these  increases 
is  due  to  increased  cost  of  equipment,  and  the  advantageous  results 
obtained  from  such  investment  have  been  clearly  shown.    Of  the  invest- 

•  Proceedings,  Am.  Soc.  C.  E.,  for  November,  1910,  p.  1382. 
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Mr. 
Williams. 
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ment  in  the  track  itself  (cost  of  road),  it  will  be  noted  that  the  cost      Mr. 
per  mile  of  main  track  has  increased  only  5%,  while  the  cost  per  mile     '  '*"'^' 
of  all  tracks  shows  a  slight  decrease  in  1908  as  compared  with  1890. 

TABLE  11. 


Track. 

1908. 

1890. 

Increase. 

Percent- 
age of 
increase. 

213  888.30 

20  209.05 

2  081.16 

1  408.99 

142  605.89 

8  437.65 

760.88 

561.81 

71  222.47 

11  771.40 

1  320.28 

847.18 

49.9 

Second  track 

139.5 

Third  track 

173.5 

150.8 

Total,  all  main  tracks 

237  587.56 
73  728.57 

152  426.23 
30  750.17 

85  161.33 
42  978.40 

55.9 

139.8 

311  316.13 

183  176.40 

128  139.73 

69.9 

"The  Interstate  Commerce  Commission  in  1908  report  that  their  Balance  Sheet  covers 
■  miles  of  mud  '  aggregating  313,88.S.36  miles,  whereas  their  statement  of  mileage  represents 
all  roads  reporting  to  the  Commission  whether  or  not  they  furnished  a  Balance  Sheet. 

"  To  analyze  the  Consolidated  Balance  Sheet,  we  have  revised  the  statement  of  mileage 
to  cover  same  roads  as  are  included  in  the  (ieneral  Balance  Sheet.  The  '  miles  of  road,'  /.  e., 
miles  of  first  main  track,  are  actual.  The  Commission's  report  not  showing  separately  for 
each  line  the  miles  of  other  main  tracks  or  yard  tracks  and  sidings,  the  figures  shown  in  the 
statement  of  mileage  are  ajijiro.iiinafe.  It  includes  mileage  of  all  second,  third  and  fourth 
tracks.  Undoubtedly,  practically  all  of  the  second  tracks,  third  tracks  and  fourth  tracks 
are  owned,  or  ojjerated  bv,  roads  furnishing  the  Commission  with  a  Balance  Sheet.  Mile- 
age of  Yard  Tracks  and  Sidings  is  based  on  the  proportion  which  the  single-track  mileage 
of  roads  represented  in  the  Balance  Sheet  bears  to  the  total  single-track  mileage  of  roads 
reporting  to  the  Commission." 

These  comparisons  are  more  significant  and  convincing  in  the  light 
of  the  large  expenditures  since  1890  for  the  reduction  of  grades, 
revision  of  line,  interlocking  towers,  automatic  block  signals,  increased 
weight  of  rail,  increased  capacity  of  bridges,  improved  stations  and 
terminals,  elevation  of  tracks,  and  the  many  other  items  going  to 
make  up  the  additions  and  betterments,  and  increasing  the  book  cost 
of  the  property.  The  figures  plainly  prove  that  there  has  been  no 
general  practice  on  the  part  of  the  railroads  of  the  country,  from  1890 
to  date,  of  issuing  capital  securities  without  securing  full  value  for  the 
vast  amount  referred  to.  Why,  then,  should  any  restriction  be  placed 
on  the  form  or  manner  of  their  future  appeal  for  the  very  large  volume 
of  capital  necessary  to  keep  abreast  of  American  industrial  develop- 
ment? Why  should  they  be  limited  as  to  what  form  of  security  they 
may  offer  in  return  for  the  cash  capital  which  they  must  obtain  if  they 
are  to  serve  the  public  adequately  and  properly? 

It  ought  also  to  be  borne  in  mind,  in  this  connection,  that,  while 
there  could  be  no  lawful  mode  for  the  revision  of  existing  capitaliza- 
tion, should  it  in  any  instance  be  found  to  be  too  small  or  too  great 
when  measured  by  the  results  of  such  a  valuation,  the  future  issue  of 
securities  must  be  controlled  by  the  necessities  of  the  carriers  and  the 
state  of  the  market,  and  is  also  practically  restricted  by  the  Interstate 
Commerce  Commission's  accounting  system,  which  declares  what  ex- 
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Mr.  penditures  may  and  what  may  not  be  carried  into  the  capital  account. 
■Uiiiiams.  r^YiQ  law  cannot  compel  any  company  to  repudiate  any  existing  security, 
and  if  it  could  it  is  not  to  be  supposed  that  Congress  would  compel 
such  an  impairment  of  contract  rights;  public  policy  will  not  permit 
in  practice  restrictions  that  would  prevent  the  issue  of  securities  to 
meet  the  actual  needs  of  the  public  and  the  carriers;  the  accounting 
system  prevents  issues  of  any  other  sort.  Further  restrictions  would  be 
cumulative  and  superfluous. 

Mr.  Eiggs  considers  seriatim  nine  objections  to  the  ordinary 
methods  of  estimating  cost  of  replacement  which  were  mentioned 
specifically  by  the  vrriter,  as  among  the  most  important  commonly 
omitted  items,  in  an  address  before  the  New  York  Traffic  Club, 
delivered  during  January,  1909.  He  concedes  that  the  writer  is  cor- 
rect in  urging  that  allowances  for  "working  capital  with  which  to 
carry  on  the  business"  and  for  "impact  and  adaptation"  ought  to  be 
included,  and  were  omitted  in  Michigan  and  have  been  usually  omitted. 
These  are  two  of  the  nine  objections  specifically  raised.  As  to  five 
others,  Mr.  Riggs  seems  to  be  in  considerable  doubt.  Concerning  the 
objection  that  an  allowance  of  3%  for  interest  during  construction  is 
too  low,  he  contends  that  it  was  justified  in  Michigan  by  the  "assump- 
tion," that  the  whole  work  of  replacement  would  be  accomplished  in 
one  year,  and  also  "that  on  long  roads  partial  operation  would  com- 
mence as  various  sections  of  the  line  were  completed."  He  admits  that 
these  assumptions  "clearly  would  not  be  proper"  under  different  condi- 
■  tions,  but  appears  to  hold  that  they  were  warranted  as  to  the  Michigan 
work. 

Another  of  the  writer's  objections  was  the  absence  of  an  allowance 
for  "wear  and  tear  of  materials  during  the  period  of  construction." 
As  to  this,  Mr.  Eiggs  says: 

"This  deterioration  is  a  necessary  incident  to  any  construction 
work.  It  has  not  been  customary  or  usual  to  take  account  of  it.  To 
add  to  the  amount  capitalized  on  account  of  this  item  would  be  mani- 
festly improper.  The  only  way  in  which  this  could  be  cared  for  would 
be  in  an  adjustment  of  the  depreciation  reserve  when  raised  to  cover 
that  which  takes  place  during  the  construction  period." 

Of  course,  the  depreciation  account,  when  there  is  one,  is  a  charge 
to  operation.  Therefore,  Mr.  Eiggs'  anxiety  to  disagree  with  the 
writer  has  led  him  into  a  frame  of  mind  in  which  he  is  prepared  to 
find  that  it  is  "manifestly  improper"  to  charge  to  capital  the  real  cost 
of  construction,  but  is  quite  proper  to  charge  to  operation  a  part  of  the 
cost  of  construction,  even  though  this  results  in  carrying  into  the 
operating  account  items  of  expense  incurred  long  before  operation 
began  or  could  have  begun. 

Mr.  Eiggs  thinks  that  the  writer  was  incorrect  in  objecting  that 
"a  uniform  price  for  earthwork  was  used,  thus  ignoring  the  varying 
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character  of  soil  and  length  of  haul,"  but  he  admits  that  there  was      Mr. 
"practically  no  classification  in  the  Southern  Peninsula  of  Michigan, 
or,  in  fact,  on  90%  of  the  mileage  of  the  State,"  and  his  defense  goes 
no  further   than  to   assert  that   "the   price     *     *     *     was   not   much 
out  of  the  way  when  considered  as  a  fair  average  for  the  territory." 

His  criticism  of  the  objection  to  the  use  of  a  uniform  price  list  for 
materials,  and  ignoring  the  source  of  supply  and  the  cost  of  delivery 
at  the  point  of  use,  is  equally  forced,  for  it  admits  that  "no  effort  was 
made  to  use  different  unit  prices  as  between  counties,"  and  only 
contends  that  "in  a  number  of  cases"  differences  in  prices  were  made. 

The  absence  of  an  allowance  for  interference  by  labor  troubles, 
weather  conditions  (which  he  admits  are  ^'a  frequent  source  of  annoy- 
ance, delay,  and  sometimes  of  expense"),  Mr.  Riggs  defends  on  the 
ground  that  it  is  "an  expense  difficult  to  separate  and  set  up,"  and 
therefore  ought  to  be  covered  by  an  allowance  for  contingencies.  On 
the  same  ground,  he  could  easily  carry  every  item  of  cost  of  replace- 
ment into  the  contingent  account. 

The  two  remaining  objections  specifically  raised  by  the  writer  are 
squarely  attacked  by  Mr.  Eiggs.  As  to  one  of  them,  the  propriety  of 
an  allowance  for  carrying  charges  up  to  the  time  of  attaining  a  revenue 
basis,  has  been  admitted  by  the  Railroad  Commission  of  Wisconsin, 
but  it  is  a  broader  question  than  ought  here  to  be  discussed.  The 
writer  will  only  suggest,  at  present,  that  in  some  form  or  other,  these 
charges  must  be  on  the  whole  and  in  the  long  run  met  out  of  net 
operating  income,  and  that  the  cheapest  way,  for  the  user  of  the 
services  supplied,  is  to  carry  them  into  the  capital  account — otherwise 
there  must  be  an  early  amortization  of  this  item,  which  cannot  do 
otherwise  than  to  throw  a  heavy  burden  on  the  early  schedules  of 
charges.  The  language  of  the  Wisconsin  Railroad  Commission  on  this 
subject  merits  quotation,  and  is  as  follows  :* 

"But  new  plants  are  seldom  paying  at  the  start.  Several  years  are 
usually  required  before  they  obtain  a  sufficient  amount  of  business  or 
earnings  to  cover  operating  expenses,  including  depreciation  and  a 
reasonable  rate  of  interest  upon  the  investment.  The  amount  by  which 
the  earnings  fail  to  meet  these  requirements  may  thus  be  regarded  as 
deficits  from  the  operation.  These  deficits  constitute  the  cost  of  build- 
ing up  the  business  of  the  plant.  They  are  as  much  a  part  of  the  cost 
of  building  up  the  business  as  loss  of  interest  during  the  construction 
of  the  plant  is  a  part  of  the  cost  of  its  construction.  They  are  taken 
into  account  by  those  who  enter  upon  such  undertakings,  and  if  they 
cannot  be  recovered  in  some  way,  the  plant  fails  by  that  much  to  yield 
reasonable  returns  upon  the  amount  that  has  been  expended  upon 
it  and  its  business.  Such  deficits  may  be  covered  either  by  being 
regarded  as  a  part  of  the  investment  and  included  in  the  capital  upon 
which  interest  is  allowed,  or  they  may  be  carried  until  they  can  be 

*  Deci.'^ion  and  order  of  the  Railroad  Commission  of  Wisconsin,  issued  August  3d,  1909, 
in  the  case  of  Hill  et  al.  v.  Antigo  Water  Company,  pp.  84-85. 
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Mr.  written  off  when  the  earnings  have  so  grown  as  to  leave  a  surplus  above 
Williams.  .^  reasonable  return  on  the  investment  that  is  large  enough  to  permit  it. 
^Vhen  capitalized,  they  become  a  permanent  charge  on  the  consumers. 
When  charged  off  from  the  surplus,  they  are  gradually  extinguished. 
(These  facts  alone,  however,  do  not  always  furnish  the  best  or  most 
equitable  basis  for  the  disposal  of  such  deficits.)  Whether  they  should 
go  into  the  capital  account,  or  whether  they  should  be  written  off,  as 
indicated,  are  questions  that  largely  depend  on  the  circumstances  in 
each  particular  case." 

The  other  objection  that  is  squarely  opposed  by  Mr.  Eiggs  is  the 

refusal  to  allow  for  unavoidable  discounts  on  the  securities  sold.    Here 

he  quotes  with  complete  approval  an  unnamed  writer,  who  contends 

that  the  impropriety  of  such  an  allowance  is  proven  because,  as  between 

an  issue  of  $10  000  000  in  bonds  (par  value)  at  4%  and  at  4|%,  the 

4%  bonds  bringing  90  and  and  the  4^%   selling  at  par,  there  is  an 

annual  saving,  in  issuing  the  4%  of  $50  000  in  interest,  and  that,  if 

the  issue  is  to  be  for  fifty  years,  this  saving  is  $2  500  000,  or  $1  500  000 

in  excess  of  the  discount.    Of  course,  these  figures  are  correct,  but  both 

Mr.  Riggs  and  his  unnamed  authority  seem  strangely  to  have  overlooked 

the  fact  that  if  a  railway  construction  requires  $10  000  000,  it  cannot 

be  obtained  by  issuing  $10  000  000  in  par  value  at  90.     The  comparison, 

of  course,  ought  to  be  based  on  the  issue  of  enough  bonds  at  each  rate 

to  obtain  equal  sums  of  money.     As  $10  000  000  in  par  value  of  bonds 

sold  at  90  would  produce  $9  000  000,  the  following  comparison  is  based 

on  the  issue  of  enough  bonds  at  each  rate  payable  in  fifty  years  to 

secure  that  sum. 

Fifty-Year  Bond.s, 
4^X  sold  at  par.       4X  sold  at  90. 

Amount  of  capital  required $9  000  000         $9  000  000 

Par  value  of  bonds  necessary.  . .     9  000  000         10  000  000 

Annual  interest  charge 405  000  400  000 

If  4%  bonds  are  used: 

Annual  saving  in  interest $5  000 

Fifty  years  saving  in  interest 250  000 

Loss,  original  discount 1  000  000 

Net  loss $750  000 

Of  course,  the  foregoing  figures  are  not  absolutely  accurate,  for  the 
real  net  loss  in  the  issue  of  the  4%  rather  than  the  4^%  bonds  at  these 
prices  would  be  the  difference  between  the  $5  000  annual  saving  in 
interest  and  the  amounts  which  would  have  to  be  set  aside  annually 
for  fifty  years  to  produce  $1  000  000,  the  amount  of  the  discount,  at 
the  end  of  that  period.  But  the  table  is  sufficiently  accurate  to  expose 
the  curious  error  into  which  Mr.  Kiggs  has  fallen.  Perhaps  it  will 
convince  him  that  it  would  be  better,  hereafter,  not  to  stray  so  far 
outside  the  field  of  civil  engineering. 
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Mr.  Iviggs  lias  little  sympathy  with  those  railway  men  who  venture       Mr. 
to  express  the  opinion  that  regulation  ought  not  to  extend  so  far  as  to  W'i''a'"s 
render  it  impossible  to  conduct  the  railway  business  in  a  business-like 
way.     His   animadversions  on   railway  men   in  general  have  already 
been  illustrated  herein.     lie  finds  nothing  worse  with  which  to  char- 
acterize a  previous  utterance  of  the  writer's  than  to  say  of  it: 

''The  manifest  impatience  with  all  forms  of  governmental  inter- 
ference with  corporations,  which  so  often  characterizes  the  utterances 
of  prominent  railway  officials,  appears  in  this  paper  to  a  marked 
degree." 

At  the  risk  of  incurring  further  displeasure,  the  writer  will  not 
omit  now  to  observe  that,  in  his  judgment,  the  whole  question  whether 
railways  shall  be  generally  and  officially  valued,  and  how  and  by  whom 
the  task  shall  be  performed,  is  primarily  conditioned  by  the  country's 
need  of  managing  its  legislative  control  of  railway  methods  so  as  not 
to  restrict  unduly  the  flow  of  capital  into  that  industry.  The  steady 
pressure  for  legislation  during  the  last  five  years  has  so  extended 
legislative  regulation  that,  for  the  first  time,  the  sturdy,  frugal,  con- 
servative, "small  investor"  stands  in  the  forefront  of  the  problem.  Hia 
views  of  the  stability  and  future  prosperity  of  the  American  railway 
industry  now  dominate  the  situation.  What  they  are  may  be  read  in 
the  facts  attending  recent  efforts  to  finance  necessary  improvements  of 
old  and  prosperous  railways.  It  developed  before  the  Interstate  Com- 
merce Commission  during  the  recent  hearings  in  connection  with  the 
proposed  partial  adjustment  of  rates  to  the  diminished  purchasing 
power  of  the  money  in  which  they  are  paid,  that  one  of  the  greatest 
of  Eastern  railway  systems,  paying  8%  annual  dividends  on  its  stock, 
which  is  very  widely  distributed,  had  offered  new  shares  to  its  stock- 
holders at  a  premium  of  25%,  and  had  found  them  unsalable  at  that 
figure,  so  that  it  was  obliged  to  recall  the  offer  and  put  them  out  at  par. 
Other  testimony  disclosed  the  failure  of  one  great  company  to  obtain 
an  offer  of  more  than  85  for  its  4%  bonds,  while  another  had  been 
forced  to  go  to  France  to  raise  $10  000  000,  and  many  others  have  been 
forced  to  the  expedient  of  issuing  short-term  notes  at  relatively  high 
rates  of  interest.  It  also  appeared  that  extensive  proposals  for  new 
branch  lines  had  been  abandoned  or  postponed,  in  view  of  the  impossi- 
bility of  obtaining  funds  on  reasonable  terms. 

Other  testimony  shows  that  locomotive  shops  and  car  builders  are 
putting  out  not  more  than  half  of  their  capacity;  that  the  supply 
trade  is  receiving  no  new  orders.  Never,  since  the  beginnings  of  the 
American  railway  industry,  has  the  American  and  foreign  investor 
been  so  reluctant  to  supply  necessary  capital,  or  so  doubtful  of  the 
future  of  railway  enterprises.  This  fact  is  not  due  to  absence  of  confi- 
dence in  the  industrial  future  of  the  American  people,  but  is  directly 
attributable  to  the  unanswered   inquir;v'-   as  to  how  far  the  policy  of 
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Mr.  legislative  control  is  to  extend.  Either  this  question  must  be  answered 
in  a  manner  satisfactory  to  the  investor,  or  the  credit  of  the  Govern- 
ment must  be  made  available  for  the  extension  and  improvement  of 
railway  facilities,  either  through  Governmental  guarantees  of  adequate 
returns  to  capital,  or  through  Government  ownership;  for  adequate 
and  properly  constructed  and  equipped  railways  the  public  must  and 
will  have.  Thus  far,  the  American  public  is  ready  neither  for  Federal 
guarantees  nor  for  Federal  ownership ;  it  is  to  be  hoped  that  it  will  never 
be  ready  for  either.  In  this  situation,  if  a  Federal  valuation  is  to  be 
undertaken,  it  is  primarily  important  that  it  should  be  under  such 
auspices  and  by  such  methods  that  the  investor  will  not  be  alarmed 
as  to  its  consequences.  This  is  not  a  suitable  occasion  to  attempt  to 
lay  down  all  the  considerations  applicable  to  such  a  valuation,  but  it 
ought  to  be  perfectly  clear  that  it  must  relate  to  value  in  use,  not  to 
some  concept  of  value  limited  to  replacement  cost  which  excludes  some 
of  the  most  important  elements  of  value  (which  are  also  those  most 
worthy  of  a  return,  because  they  represent  the  highest  and  most  diffi- 
cult social  and  industrial  services),  in  order  to  obtain  a  means  of  ex- 
cluding these  same  elements  from  possibilities  of  adeqiuite  reward. 

One  of  the  most  important  items  to  be  considered  is  the  "cost  of 
progress,"  which  is  sometimes  referred  to  as  "abandoned  property,"  or 
as  "obsolesence."  For  illustration,  in  the  revision  of  the  grade  and 
line  of  a  road,  whereby  the  capacity  of  existing  track  is  doubled,  the 
present  instructions  of  the  Interstate  Commerce  Commission  require 
the  charge  to  operating  expenses  of  the  cost  of  that  portion  of  the  old 
line  no  longer  continued  in  use.  If,  however,  the  doubling  of  the 
capacity  of  the  line  be  secured  by  the  construction  of  a  second  main 
track,  the  entire  cost  of  the  new  work  can  be  charged  to  capital  account 
and  paid  for  from  the  proceeds  of  the  sale  of  capital  securities.  The 
latter  method  becomes  the  easier  to  finance,  but  what  of  the  compara- 
tive results?  Say,  for  example,  the  original  cost  of  material  of  existing 
property,  including  equipment,  stations,  yards,  etc.,  was  $10  000  000, 
that  the  first  main  track  cost  $1  000  000,  and  that  to  double  the  capacity 
of  the  main  track  would  require  a  present  expenditure  of  $1  000  000, 
either  for  (1)  a  reduction  of  the  grades  and  curves  of  the  first  main 
track,  or  (2)  for  the  construction  of  a  second  main  track.  The  increase 
in  capacity  is  identical,  but  in  the  first  case  the  cost  of  train  service 
to  handle  the  tonnage  is  decreased  50%,  and  some  reduction  in  mainte- 
nance is  secured,  while  in  the  second  case  no  economies  of  operation 
are  effected,  but  the  expenses  may  be  increased.  Undoubtedly,  Road 
(1)  woidd  be  much  more  favorable  than  Road  (2),  yet  the  Commission 
says  a  portion  of  the  cost  of  perfecting  Road  (1)  must  be  charged  to 
operating  expenses,  and  cannot  be  capitalized.  What  general  manager 
will  dare  recommend  such  extensive  improvements  when  the  charging 
of  a  portion  of  the  cost  to  operating  expenses  will  show  the  dividend  as 
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unearned,  and  tlius  render  the  securities  of  the  company  no  longer  Mr. 
legal  investments  for  savings  banks,  trustees  of  trust  funds,  etc.?  As 
an  alternative,  he  might  permit  the  old  line  to  remain,  and  by  placing 
thereon  a  few  cars  occasionally,  could  consider  it  as  still  in  use,  and 
carry  it  in  his  capital  account,  thus  avoiding  the  charge  to  operating 
expenses.  Thus,  again,  is  it  the  method  and  not  the  result  that  is 
conti'olled  by  these  instructions.  What  should  be  done  is  to  permit  the 
cost  to  be  charged  against  the  surplus  accumulated  during  the  years  in 
whicli  the  property  to  be  abandoned  was  used.  This  would  not  affect 
adversely  the  operating  income  of  the  year,  and  would  not  impair  the 
credit  of  the  Company. 

Plainly,  the  instructions  of  the  Commission  tend  to  compel  a  method 
that  is  contrary  to  the  economic  law. 

Obviously,  any  requirement  as  to  valuation  which  would  impose 
on  the  carrier  such  a  result  as  that  shown  would  compel  the  continu- 
ance of  the  less  efficient  service  and  prevent  the  progress  which  such 
replacements  express.  The  railway  business  is  a  continuing  one,  and 
an  improvement  ought  to  be  made  whenever  it  can  earn  income,  not 
only  on  its  own  cost,  but  on  that  of  the  property  abandoned,  even 
though  it  cannot  afford  income  sufficient  to  wipe  out  the  whole  capital 
charge  for  the  latter  in  a  single  year.  There  is  no  reason  for  requiring 
each  item  of  capital  to  earn  its  cost  in  addition  to  its  interest  during 
its  individual  life.  Such  a  requirement  would  cry  halt  to  progress.  It 
is  reasonable  and  proper  that  such  charges  to  operation  should  be  made 
as  far  as  the  rapid  development  of  the  art  of  transportation  permits, 
and  such  is  the  practice  of  every  well-managed  railway;  but,  to  make 
the  practice  uniform  and  compulsory,  permitting  no  exceptions  and 
allowing  no  scope  for  individual  judgment,  is  quite  another  thing. 
When  the  conditions  warrant  such  a  course,  the  railway  ought  to  be 
permitted  to  adjust  its  accounts  in  a  manner  of  which  the  following  is 
typical : 

Replacing.         Not  replacing. 

Capital    account $19  750  $5  000 

Additional     net     operating     income 

attributable  to  this  item 1 000  250 

Charge  to  operation  for  abandoned 

property 250  .... 

Operating  gain $750  $250 

A  valuation  adjusted  in  recognition  of  this  developmental  need  would 
include,  in  addition  to  the  item  of  $15  000  for  the  replacement  cost  of 
the  new  locomotive,  an  item  representing  "cost  of  progress"  of  $4  750 
for  the  former  locomotive.  It  is  not  to  be  overlooked  that  in  actual 
practice  it  would  be  easy  to  obtain  this  allowance  by  cumbering  the 
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Mr.  yards  and  round-houses  with  obsolete  and  superfluous  equipment.  The 
lams.  pig^  p£  ppQfgggQj.  Adams  places  a  premium  on  such  a  course,  and  there 
are  many  conditions  under  which  it  could  and  would  be  followed  where 
it  would  be  less  obvious  and  more  detrimental.  For  example,  it  might 
be  that  an  additional  track  over  a  steep  grade  and  a  new  alignment 
which  would  avoid  it  would  cost  the  same.  The  new  alignment  would 
give  greater  operating  efficiency,  but  it  would  require  the  charging  oS 
of  the  old  line;  the  new  tl-ack  over  the  grade  would  be  more  costly  to 
operate,  but  would  leave  the  apparent  capital  unimpaired.  It  is  such 
possibilities  as  this  that  are  giving  pause  to  the  investors  who  would 
otherwise  supply  funds  for  the  needed  development  of  the  American 
railway  system.  How  far  this  development  has  so  far  required  the 
abandonment  of  property  capable  of  further  use  and  having  genuine 
capital  value  is  indicated  by  available  records.  The  aggregate  capacity 
of  all  equipment  has  increased  much  faster  than  the  increase  in 
number  of  locomotives  and  cars.  The  reports  of  the  Interstate  Com- 
merce Commission  only  show  this  information  for  the  years  1902  to 
1908,  both  inclusive.  The  average  tractive  power  of  locomotives  in 
3908  was  26  356  lb.,  as  compared  with  20  485  lb.  in  1902,  being  an 
increase  of  5  871  lb.,  or  28.7%  per  locomotive.  The  average  capacity  of 
freight  cars  in  1908  was  35  tons,  as  compared  with  28  tons  in  1902,  an 
increase  of  7  tons,  or  25  per  cent.  Undoubtedly,  the  average  capacity 
of  locomotives  and  the  average  capacity  of  freight  cars  in  1908  was  not 
less  than  60%  above  the  average  capacity  of  1890. 

L.  F.  Loree,  M.  Am.  Soc.  C.  E.,  President  of  The  Delaware  and 
Hudson  Company,  as  Reporter  (For  United  States)  to  the  International 
Railway  Congress,  held  in  Paris  in  1900,  communicated  with  all  roads 
in  the  United  States  then  operating  500  miles  of  line,  or  more,  relative 
to  the  capacity  of  cars  actually  in  service.  The  result  is  shown  in 
Table  12. 

As  a  result  of  these  improvements  in  roadway  and  equipment,  the 
average  number  of  tons  of  freight  handled  per  freight  train  in  1908 
was  351.80  tons,  as  compared  with  296.47  tons  in  1902,  an  increase  of 
55.33  tons,  or  18.6  per  cent.  The  average  tons  per  freight  train  in  1908 
was  351.80,  as  compared  with  175.12  in  1890,  an  increase  of  176.68  tons, 
or  100.8  per  cent. 

These  improvements  have  not  been  solely  or  mainly  for  the  benefit 
of  the  carriers,  though  there  is  no  question  that  they  have  been 
prompted  by  railway  self-interest.  The  new  car  of  40  tons  capacity  is 
but  20%  longer  than  the  old  car  of  13  tons,  which  means  a  great 
augmentation  of  the  efficiency  of  the  private  sidings  and  tracks  of  the 
manufacturers,  as  well  as  the  side  tracks  and  terminals  of  the  railway. 
Who  woiald  retrace  the  steps  of  progress  of  the  last  decade  or  of  the 
last  two  decades?  Yet  the  project  to  tie  railway  earnings  to  replace- 
ment  cost,   which   makes   no   allowance   for  the   costly   steps   in   such 
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progress,  is  in  reality  a  project  to  tie  them  to  their  present  state  of       Mr. 
(Icvclopment  and  to  prohibit  future  progress.     Nor  can  it  be  forgotten     '    *™^' 
that   it   is   an   inviolable  law   of  Nature  that  that  which  does  not  go 
forward  must  go  backward — nothing  can  remain  stationary. 

The  stoiy  of  the  crude  millionaire  who  wanted  to  know  the  value  of 
the  "i)lant"  of  Oxford  University,  in  order  that  he  might  duplicate  it, 
is  ni>t  inapproi)riate,  and  ought  to  have  some  significance  to  those  who 
imagine  that  replacement  cost  would  tell  the  story  of  railway  values. 
Do  they  imagine,  because  they  are  ignorant  of  them,  that  a  great  rail- 
way organization  carries  no  traditions  of  loyalty,  of  persistence  in  the 
face  of  overwhelming  difficulty,  of  generous  recognition  of  public  needs 
and  rights,  of  courageous  adherence  to  the  real  interests  of  its  share- 
holders that  inspire  its  personnel  and  provide  a  genuine  esprit  du 
corps?  Do  they  find  no  superiority  in  one  organization  over  another, 
no  systematic  economies  of  method,  no  especial  adaptation  to  economic 
needs  that  has  value  more  genuine  than  any  replaceable  element,  and 
is  at  least  equally  worthy  of  compensatory  return? 

If  there  were  not  abundant  evidence  that  the  railway  industry  is 
not  excessively  profitable,  there  would  be  more  reason  on  the  side  of 
those  who  continually  put  forward  new  schemes  of  restriction;  but, 
not  only  is  such  evidence  ample,  but  there  is  no  evidence  of  any  sort 
tending  to  establish  the  contrary.  Limiting  the  inquiry  to  the  region 
cast  of  the  ^Mississippi  and  north  of  the  Ohio  and  Potomac  Kivers, 
commonly  known  as  Official  Classificaton  Territory,  the  statement  in 
Table  13,  based  on  the  book  cost  of  railways,  with  their  equipment, 
supplies,  and  materials  on  hand,  is  instructive.  The  data  are  from  the 
reports  of  the  Interstate  Commerce  Commission. 

The  amounts  shown  in  Table  13  as  "operating  income"  are,  as 
should  be  remembered,  tliose  earned,  and  not  those  distributed  as 
interest  on  bonds  and  dividends  on  shares,  which  were  necessarily 
much  smaller.  Bearing  this  in  mind,  it  is  significant  that  the  per- 
centage of  such  operating  income  to  cost  of  property  has  not  but  once 
in  the  last  twelve  years,  the  most  prosperous  duo-decade  in  the  Nation's 
history,  exceeded  6%,  and  then  only  by  a  very  small  fraction;  and 
tliat  the  average  for  the  whole  period  is  less  than  5i  per  cent.  Every 
one  knows  that  the  real  value  and  the  actual  cost  of  the  railway  property 
in  this  region  greatly  exceeds  its  book  cost,  so  that  these  percentages 
are  undoubtedly  much  in  excess  of  the  real  rates  of  net  earnings  to 
value  or  cost  of  property. 

P.  E.  Green,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). — It  is  not  often    Mr. 
that    there    is   presented   to    the    Society    a   paper   which    shows    such 
thoroughness   of   understanding   of   a   difficult  problem,    and   as   much 
real    experience    in    its   solution,    as    is    manifested    therein;    and    the 
author  is  certainly  to  be  congratulated  on  such  a  logical  and  forcible 


Green. 
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Mr.    presentation   of   the   subject.     There  may  be   some  points   on   which 
^'^^^^-  engineers   who   have   been  engaged   in   such   work   cannot   agree   with 
him ;  but  certainly  it  cannot  be  said  that  he  has  not  argued  very  clearly 
and  logically  on  nearly  all  the  debatable  questions. 

Those  who  have  not  had  actual  experience  in  making  a  valuation 
of  a  railway  company's  property  cannot  have  any  idea  of  the  enormous 
amount  of  detail  and  labor  necessary  to  make  such  a  compilation  of 
any  real  value.  It  simply  means  that  every  detail  of  every  structure 
of  whatever  kind  must  be  investigated,  together  with  the  various  con- 
siderations covering  "intangible  values,"  which  the  author  has  so  ably 
discussed. 

The  writer  was  fortunate  enough  to  be  employed  on  the  valuation 
of  the  Chicago  and  Northwestern  Railway  property  in  Minnesota  in 
1906,  and  possibly  some  details  of  the  manner  in  which  the  actual 
field  work  of  the  survey  was  done  may  be  of  interest. 

The  work  consisted  of  making  a  compilation  from  records,  or 
from  actual  surveys  when  necessary,  of  about  625  miles  of  railway 
property,  including  several  important  terminals.  The  property  had 
been  built  between  1860  and  1901,  mostly  in  the  early  part  of  this 
period.  The  portions  which  had  been  constructed  during  the  latter 
part  of  the  period,  say  from  1890  to  1906,  presented  no  difficulties,  as 
the  records  were  very  clear  and  complete,  bi;t  the  portions  constructed 
in  the  Sixties  had  practically  no  records.  Some  had  been  bviilt  by 
small  independent  companies,  which  were  acquired  later  by  the  ISTorth- 
western  System.  On  these  old  lines  the  records  were  practically  nil, 
and  those  in  existence  were  soon  found  to  be  of  absolutely  no  use. 
Even  on  the  newer  lines  it  was  found  that  many  changes  had  been 
made  within  a  few  years  after  their  construction,  and  that  it  was 
sometimes  more  economical,  as  regards  time  at  least,  to  make  a  new 
survey  of  the  property  than  to  use  the  records. 

After  examining  all  the  old  records  very  thoroughly,  and  endeavor- 
ing to  get  some  order  and  information  out  of  them,  it  was  decided  that 
the  only  way  to  do  the  work  properly  was  to  make  a  complete  survey 
and  valuation  of  all  the  physical  property.  Several  field  parties  were 
organized  and  also  an  office  force,  about  twenty  men  being  put  on  the 
work.  The  parties  ran  levels  for  profile  purposes,  cross-sectioned  cuts 
where  necessary,  noted  evidences  of  clearing  and  grubbing,  of  the 
character  of  the  cuts,  and  the  disposal  of  the  material,  examined  the 
ballast  for  depth  and  character,  examined  the  rails  for  age,  weight, 
and  condition,  and  noted  the  kind  and  condition  of  the  fences,  gates, 
farm  crossings,  planking,  whistle  and  highway-crossing  posts,  culverts, 
bridges,  and  in  fact  every  detail  of  construction.  Advantage  was  also 
taken  of  the  survey  to  re-station  the  lines,  to  paint  such  stations  on 
the  rails,  and  to  set  permanent  posts,  so  that  afterward  the  stationing 
could  be  picked  up  at  any  time  with  little  trouble. 
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In  this  way  there  was  accomplished  much  work  of  value  to  the     Mr. 
railway  company,  for  which  there  had  been  a  demand  by  the  division 
oflScials  for  years,  but  which  had  not  been  done  because  of  lack  of  men 
and  money. 

No  attempt  was  made  to  assign  depreciation,  as  regards  the  rails; 
this  was  determined  afterward,  from  the  age  of  the  steel  in  the  track. 
It  was  necessary,  however,  to  make  quite  a  thorough  inspection  of  the 
ties,  and  to  note  their  condition,  as  they  were  replaced  year  by  year 
singly  as  they  wore  out.  Almost  every  conceivable  kind  of  timber 
had  been  used  for  ties  at  one  time  or  another.  Treated  and  untreated 
ties  lay  side  by  side;  and  thus  there  was  great  difficulty  in  classify- 
ing them  with  regard  to  the  kind  of  timber.  With  bridge  ties  and 
timbers  of  frame  and  pile  bridges,  there  was  not  so  much  difficulty,  as 
they  were  open  to  inspection,  and  had  been  inspected  twice  yearly  by 
the  Division  Engineer  and  the  Superintendent  of  Bridges  and  Build- 
ings, and  accurate  records  of  their  condition  and  renewals  had  been 
kept.    The  depth  and  condition  of  the  ballast  also  varied  veiy  widely. 

In  a  very  short  time  all  the  men  on  the  survey  became  well 
acquainted  with  the  character  of  the  work  they  had  to  do,  and,  as  the 
work  went  on,  the  progress  of  the  party  day  by  day  was  very  much 
more  rapid.  At  the  beginning  of  the  survey,  a  progress  of  6  or  7 
miles  of  single  track  was  considered  a  very  good  day's  work;  at  the 
end  of  the  survey,  the  parties  were  making  from  12  to  15  miles 
per  day. 

There  was  considerable  difficulty  in  setting  proper  values  on  the 
hundreds  of  buildings,  large  and  small,  owned  by  the  railroad.  Most 
of  these  buildings  had  never  been  constructed  from  plans,  and  it  was 
difficult  to  calculate  what  they  had  cost  originally,  and  what  it  would 
have  cost  to  build  them  at  the  time  of  the  survey.  However,  time  books 
were  searched,  and  the  contents  of  the  buildings  in  board  feet  were 
calculated,  and,  while  in  many  cases  their  age  was  not  known  from 
any  records,  it  was  nearly  always  possible  to  find  out  from  somebody 
just  when  they  were  erected. 

As  intimated  before,  the  railway  company  derived  much  actual 
benefit  from  the  work,  outside  of  the  accurate  knowledge  obtained  as 
to  the  value  of  the  property  itself.  Steel  charts,  bridge  records,  etc., 
were  established,  and  profiles,  stationing,  continuous  bench-levels,  etc., 
were  all  re-run  or  re-established;  thus  making  the  engineering  work  of 
the  future  more  consistent  and  uniform,  and  enabling  more  work  to 
be  done  with  a  smaller  force.  New  maps  of  all  the  station  grounds 
and  terminals  were  obtained,  and  all  the  records  were  put  in  better 
shape  than  they  had  ever  been  before. 

Examination  of  some  of  the  old  terminals  brought  to  light  many 
strange  and  out-of-date  conditions.  Old  wrought-iron  rails  of  anti- 
quated pattern,  old  cast-iron  frogs,  etc.,  of  a  pattern  which  had  not 
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Mr,     been  in  general  use  for  fifty  years,  were  found  in  the  track.     On  some 
Green,  ^f   ^-jjg   Httle-used   sidings,   the   old   wrought-iron   rails   were   so   worn 
that  the  tread  of  the  rail  was  entirely  gone,  only  the  web  remaining 
to  carry  the  traffic,  and  such  rails  were  still  in  use. 

In  such  a  valuation,  also,  many  items,  some  of  considerable  magni- 
tude, were  found  which  were  extremely  difficult  to  classify  and  assign 
to  their  proper  place.  Such  a  one,  for  instance,  as  a  soft,  sand  rock 
deposit  beside  the  track,  which  for  many  years  had  furnished  engine 
sand.  Many  thousand  cubic  yards  of  this  material  had  been  excavated, 
but  it  had  not  gone  into  the  roadbed  as  ballast,  or  to  make  fills,  or  to 
widen  embankments.  It  would  hardly  have  been  proper  to  classify 
such  excavation  as  grading,  for  it  was  an  item  of  engine  maintenance 
and  train  operation.  This  is  only  one  of  numerous  problems  which 
had  to  be  solved. 

After  all  the  survey  had  been  made,  most  of  the  work  of  compila- 
tion had  to  be  done.  Some  of  it  had  already  been  done  in  the  office 
by  the  small  office  force,  but  the  great  mass  had  to  be  done  by  the  men 
who  did  the  work  in  the  field.  This  task  was  of  almost  incomprehensi- 
ble magnitude.  There  were  thousands  and  thousands  of  items,  an"! 
such  a  great  mass  of  figures  that  the  ordinary  man  would  become  lost 
in  the  maze.  The  data  had  to  be  checked  and  re-checked  by  men  who 
were  not  accountants,  and  sometimes  most  ludicrous  mistakes  were 
discovered.  However,  it  was  at  last  accomplished,  and  the  writer's 
recollection  of  the  "Present  Value"  of  the  Chicago  and  Northwestern 
property  in  Minnesota  is  that  it  was  somewhat  more  than  $23  000  000 
for  the  entire  mileage  (about  625  miles),  or  an  average  of  about 
$37  000  per  mile  of  track.  Hardly  any  of  the  mileage  would  be  called 
high-class  or  trunk-line  track,  but  most  of  it  might  be  classed  as  second- 
class  or  important  branch-line  railway. 
Mr.  E.  KuiCHLiNG,  M.  Am.  Soc.  C.  E.  (by  letter). — This  paper  is  a  very 

'  valuable  addition  to  the  literature  of  a  comparatively  new  subject  that 
is  rapidly  attaining  great  political  importance,  and  it  gives  abundant 
evidence  of  deep  research  and  thought  by  the  author.  The  reasons  for 
determining  the  true  value  of  such  properties,  as  well  as  the  general 
principles  of  making  the  valuation  or  appraisal,  have  been  set  forth  so 
clearly  and  convincingly  that  little  can  be  added  in  this  respect;  hence, 
there  is  room  for  comment  only  about  details. 

One  of  the  perplexing  questions  is  the  determination  of  the  proper 
value  of  the  right  of  way  and  real  estate  of  a  railroad.  The  land  was 
originally  acquired  at  a  certain  cost,  essentially  for  public  use,  and  in 
the  course  of  time  its  value,  as  determined  by  reproduction  cost, 
usually  becomes  greatly  increased  by  the  development  of  the  adjacent 
land  by  its  various  owners.  Without  the  railroad,  such  development 
and  appreciation  of  land  values  would  probably  not  have  occurred,  and, 
therefore,  it  has  been  argued  by  many  persons  that,  for  taxation  pur- 
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poses,  tlio  railroad  lands  slmidd  lie  ai)i)raised  at  only  their  original  cost,  Mr. 
while,  for  capitalization  purposes,  they  should  be  appraised  at  a  value 
measured  by  that  of  the  ndjaeent  land  at  the  present  time.  This  claim 
is  based  on  the  theory  that  the  railroad  is  like  any  other  piece  of 
public  work,  such  as  a  canal,  highway,  or  pavement,  which  is  built  for 
the  use  of  the  public,  and  on  which  no  tax  is  levied  by  State  or 
municipality.  On  the  other  hand,  it  has  been  held  by  some  of  our 
Courts  that  a  proper  valuation  must  take  into  account  the  appreciation 
or  depreciation  of  land  values;  but,  as  the  opinion  of  a  Court  is  not 
unalterable,  the  soundness  of  this  doctrine  cannot  be  regarded  as  per- 
manently established. 

The  author  states"  that  there  can  be  no  serious  objection  to  this 
doctrine  in  relation  to  rights  of  way  in  the  country  and  small  towns, 
although  he  admits  that  it  is  subject  to  exceptions  in  the  case  of  cities 
and  terminal  and  dock  properties.  Tt  will  be  of  great  interest  to  learn 
his  reasons  for  making  such  exceptions  in  the  case  of  the  most  costly 
lands,  and  whether  the  vahiaticm  of  such  lands  should  be  more  or  less 
than  that  of  similar  adjacent  lands  used  for  other  purposes.  From  the 
context  the  inference  may  be  drawn  that  the  valuation  should  be  some- 
what higher  than  that  of  adjacent  similar  land  in  the  case  of  a  steam 
or  interurban  railroad,  because  its  holdings  form  a  continuous  strip; 
but  to  the  writer  this  reasoning  does  not  appear  satisfactory.  The 
statement  of  the  Court,  that  "the  value  of  land  depends  largely  upon 
the  use  to  which  it  is  put  and  the  character  of  the  improvements  upon 
it,"  does  not  necessarily  involve  a  higher  valuation  of  the  property  than 
its  cost,  and  it  is  quite  conceivable  that  the  actual  value  of  the  property 
after  being  taken  by  a  railroad  may  be  much  less  than  it  was  before. 
The  only  reason  in  such  a  case  for  maintaining  the  purchase  price  is 
to  conserve  the  general  valuation  of  the  adjacent  similar  real  estate. 

In  dealing  with  the  subject  of  dopi'eciation,  the  author  has  been 
very  brief,  as  he  did  not  consider  it  essential  for  the  purposes  of  the 
paper.  Thrs  is  to  be  regretted,  as  depreciation  is  an  important  feature 
in  every  valuation,  and  so  few  trustworthy  data  concerning  it  are 
available.  The  value  of  the  paper  would  be  greatly  enhanced  if  the 
author  would  give  the  assumed  average  life  of  the  i)rincipal  com- 
ponents of  a  railroad,  based  on  some  definite  traffic,  and  normal 
grades  and  curves.  Much  diversity  of  practice  in  this  respect  prevails, 
and  the  final  judgment  of  the  numerous  experts  who  were  engaged  in 
the  Michigan  valuations  cannot  fail  to  be  of  great  interest.  The  same 
remarks  are  also  applicable  to  the  unit  prices  adopted  for  construction 
and  equipment. 

The  subjects  of  expenses  for  organization,  engineering,  administra- 
tion, contingencies,  and  non-physical  values  are  treated  very  thoroughly 
by  the   author,   and   particularly   interesting  is   his   discussion   of   the 
*  Proceedings,  Am.  Soc.  C.  E.,  for  November,  1910,  p.  1507. 
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[r.  complex  question  of  franchise  value.  After  quoting  from  numerous 
' ' '°^'  judicial  opinions,  he  reaches  the  conclusion  that  the  franchise  simply 
protects  the  owners  of  the  property  in  their  enjoyment  of  the  earnings, 
and  that  its  value  merges  into  the  "fair  value"  of  the  property  and 
becomes  inseparable  from  the  other  non-physical  elements  of  value; 
also,  that  the  aggregate  non-physical  value  of  the  property  depends 
only  on  the  net  income  for  a  period  of  years.  This  method  of  estima- 
tion certainly  has  the  merit  of  being  simple,  rational,  and  free  from 
all  liypothetical  considerations.  It  is,  however,  obviously  governed  by 
the  rates  charged  for  the  services  rendered,  and  if  these  are  likely  to  be 
altered  at  any  time  by  governmental  action,  a  corresponding  alteration 
in  the  "fair  value"  of  the  property  will  take  place. 

This  consideration  brings  us  at  once  to  the  intricate  question  of 
reasonable  rates,  which  involves  the  matter  of  reasonable  design  and 
construction  of  the  property.  In  most  cases  the  working  capacity  of 
the  plant  must  be  much  greater  than  the  average  annual  demand  for 
the  service  performed,  as  so-called  "peak  loads"  of  relatively  short 
duration  must  be  provided  for.  The  magnitude  of  these  peak  loads, 
however,  varies  with  the  subsequent  development  of  the  territory,  which 
is  necessarily  conjectural;  hence  it  follows  that  a  comparatively  large 
amount  of  capital  is  often  invested  in  an  enterprise  for  the  purpose  of 
taking  care  of  such  anticipated  temporary  demands,  and  on  this  invest- 
ment a  "fair  return"  should  be  granted.  This  condition  is  particularly 
noticeable  in  municipal  water-works  plants,  where  provision  must  be 
made  for  supplying  water  for  fire  service  to  an  extent  which  may  be 
several  times  greater  than  the  normal  hourly  rate  of  consumption.  In 
the  case  of  railroads,  such  demands  can  usually  be  met  by  adding  to  the 
rolling  stock  at  moderate  expense,  while  in  a  water-works  the  outlay 
is  relatively  greater  because  the  entire  plant  must  be  adapted  in  the 
outset  to  the  anticipated  maximum  delivery  in  the  course  of  a  com- 
paratively long  period  of  time. 

The  problem  of  rate-making  has  been  excluded  by  the  author  from 
his  present  paper  on  valuation;  but,  inasmuch  as  he  is  so  well  qualified 
for  the  task,  and  also  because  the  non-physical  value  of  the  property 
depends  mainly  on  the  rates  obtained  for  the  service  rendered,  it  is 
hoped  that  he  will  deal  with  this  feature  in  a  subsequent  paper,  thereby 
bringing  out  a  discussion  on  the  obscure  subject  of  "fair  return."  It 
is  noticeable  that  these  phrases  occur  frequently  in  judicial  opinions, 
but  the  fundamental  principles  on  which  a  definite  conclusion  should 
be  reached  are  seldom  set  forth  clearly. 
Mr.         Richard  T.  Dana,  M.  Am.  See.  C.  E.  (by  letter).— The  solution  of 

Dana.  v    ./  / 

'  this  problem  includes  practically  all  the  factors  in  the  general  subject 

of  economics,  in  which  engineering  occupies  a  large  but  by  no  means 

preponderant  part.    Mr.  Eiggs  has  done  some  very  valuable  and  pioneer 

work  in  contributing  this  paper  at  this  time;  and  the  writer,  in  calling 

attention  to  what  appears  to  be  a  radical  error  in  it,  does  not  wish  to 


Papers.]      discussion:  VALUATION  OF  PUBLIC  SERVICE  PROPERTY     235 

bo  tiiken  as  attempting  to  detract  in  any  way  from  its  great  value  as    Mr. 
a  whole.     It  is  nio^;t  important,  in  the  inception  of  such  an  investiga-    ^^^' 
tion,  on  the  part  of  the  members  of  this  Society,  to  remove  from  the 
subject  the  stumbling  blocks  as  they  appear. 
The  author  makes  the  following  statement : 

"It  is  true  that  the  'value'  of  a  property  is  an  unstable  figure,  sub- 
ject to  fluctuations  due  to  natural  or  artificial  causes,  and  that  a 
material  change  in  value  may  occur  suddenly,  but  the  'value'  of  any 
given  property  on  any  given  date  is,  or  should  be,  from  an  engineering 
standpoint,  a  definite  sum  which  may  not  be  varied  or  changed  to  suit 
the  whim  or  will  of  the  people  for  whom  the  work  is  done." 

The  fundamental  conception  of  a  value  is  so  important  in  an  in- 
vestigation of  this  kind  that  it  is  worthy  of  careful  and  thorough 
discussion. 

The  appraisals  which  the  writer  has  had  occasion  to  make  have 
generally  been  for  one  or  other  of  the  following  purposes,  namely: 

(I)  Taxation,  in  the  interest  of  the  community  or  corporation 
taxed; 

(II)  Bonding,  in  the  interest  of  the  banker  or  representative  of 
persons  who  contemplated  loaning  money  on  the  property ; 

(III)  Eate-making,  in  order  to  determine  what  was  a  fair  amount 
of  money  that  the  property  should  be  allowed  to  earn  for  the 
owners. 

Now,  in  general,  a  proper  value  for  any  property  for  any  one  of 
these  purposes  is  different  from  its  proper  value  for  any  of  the 
others.  This  proposition  is  of  immense  significance,  for  the  reason  that, 
if  the  value  for  the  property  arrived  at,  on  one  basis,  be  accepted  and 
applied  for  one  of  the  other  purposes,  it  will  inevitably  result  in  gross 
injury  and  financial  loss  to  some  one. 

In  attacking  this  problem,  one  must  be  careful  to  take  the  correct 
standpoint,  which  is  not  necessarily  that  of  engineering.  Engineering 
science  is  indispensable  for  a  large  part  of  the  work,  but  there  are 
other  indispensables  which  would  not  ordinarily  be  recognized  as 
engineering.  The  writer  takes  the  view  that  engineering  is  a  part  of 
economics,  rather  than  economics  being  a  part  of  engineering. 

To  illustrate  this  point,  consider. two  objects,  one  of  which  is  con- 
crete and  simple  and  the  other  more  complex. 

(1)  A  steam  shovel  belonging  to  a  railroad,  costing  $10  000,  new; 

(2)  The  entire  railroad  as  an  operating  entity. 

Assume  for  (1)  that  the  shovel  has  been  purchased  recently,  is  in 
perfect  condition,  and  that  the  railroad  has  some  work  for  it  to  com- 
mence on  as  soon  as  it  can  be  properly  installed.    What  is  its: 

(I)  Taxable  value, 

(II)  Bonding  value,  and 

(III)  Rate-making  value? 
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Mr.  (I)   The  tax  assessor  cannot  properly  appraise  it  at  $10  000,  because 

^*°^'  it  certainly  would  not  sell  for  that  sum,  and  if  the  community  should 
have  to  sell  it  for  taxes  the  actual  return  minus  the  charges  would  be 
so  much  less  than  the  $10  000  that  the  community's  books  would  show 
a  heavy  loss;  and  this  practice,  if  largely  indulged  in,  would  bring  the 
community  into  financial  straits.  The  community  must  be  exceedingly 
conservative  in  its  estimate,  for  this  very  reason ;  and,  therefore,  it  has 
been  customary,  almost  universally,  to  tax  such  articles  practically  on 
their  sale  value  at  what  might  be  called  panic  prices.  The  company 
which  sold  the  shovel  to  the  railroad  would  not  buy  it  back  two  days 
after  the  sale  for  more  than  the  original  price  minus  what  that  com- 
panj^  considers  its  selling  charges,  say  20%;  so  that,  in  this  case,  even 
if  a  customer  were  at  the  door,  the  shovel  would  not  be  worth  more 
than  $8  000,  and  a  fair  tax  appraisal  could  not  consistently  be  more 
than  $8  000  minus  charges  of,  say,  $250,  or  $7  750. 

(II)  Assuming  that  the  railroad  is  a  very  small  one,  that  it  wants 
to  borrow  money,  and  desires  to  put  up  the  shovel  as  collateral  for  the 
loan.  What  would  be  its  loan  value  to  the  lender?  In  considering 
this  point,  it  is  necessary  to  assume  that  no  aid  is  rendered  by  the  credit 
of  the  railroad  itself,  but  that  the  protection  for  the  loan  is  to  be 
furnished  by  the  shovel  only.  Now,  the  banker  will  reason  that,  in  the 
event  of  the  note  remaining  unpaid,  he  will  have  to  sell  the  shovel  to 
reimburse  the  bank  for  its  loan,  and  he  will  be  required  to  consider 
the  matter  on  a  conservative  basis.  He  cannot  loan  on  the  shovel  up 
to  its  full  value,  for  in  the  first  place  it  is  not  a  "negotiable  security." 
If  it  were  a  security,  with  a  free  market  on  some  stock  exchange,  he 
would  probably  loan  to  the  amount  of  80%  of  its  value,  but  a  steam 
shovel  in  a  sand  bank  on  a  railroad  is  by  no  means  as  convenient  of 
exchange,  nor  as  easy  to  foreclose  on  as  a  stock  certificate  in  a  banker's 
box;  therefore  he  will  loan,  or  he  ought  to  loan,  less  than  80%  of  its 
sale  value,  minus  the  selling  charges.  If  he  loans  more  than  this,  he  is 
loaning  on  the  credit  of  the  owner  of  the  shovel  rather  than  on  the 
shovel  itself.  Granted  that  the  maker  of  the  shovel  is  willing  to  buy  it 
back  at  its  full  selling  price  less  the  selling  cost,  the  maximum  loan 
value  of  the  shovel  would  be  a  little  less  than  64%  of  its  purchase 
price,  or  $6  400.  To  loan  more  than  this  on  the  shovel  would  not  be 
conservative  banking. 

There  is  another  bonding  or  loan  value  to  this  shovel,  when  it  is 
considered  as  part  of  the  assets  of  the  railroad  whose  bonds  are  to  be 
held  by  the  banker,  under  which  circumstances  a  higher  value  than 
$6  400  would  be  admissible. 

(III)  If  the  value  is  to  be  determined  with  a  view  of  ascertaining 
what  is  a  reasonable  figure  that  the  owner  of  the  shovel  ought  to  be 
allowed  to  earn  as  a  public  utility  organization,  the  problem  is  entirely 
distinct  from  the  foregoing  two  cases.     Assume  that  the  railroad  is 


Dana. 
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entitled  to  earn  at  least  G%  on  its  investment  in  the  shovel.  Now,  its  Mr 
investment  is  $10  000,  because  that  is  the  money  that  it  C08t;  and 
nothing-  had  been  credited  to  its  account,  since  the  shovel  had  just  been 
purchased  and  had  not  yet  done  any  work.  The  shovel  cannot  be  con- 
sidered as  being  worth  more  than  its  cost,  and  it  can  easily  be  shown 
it  is  not  worth  less  for  rate-nifiking  purposes. 

These  three  illustrations,  which  are  very  briefly  outlined,  should 
demonstrate  the  fact  that  there  is  almost  no  relationship  between  any 
two  of  the  different  kinds  of  value  which  are  being  considered. 

Xow,  from  the  standpoint  of  the  railroad  as  a  whole: 

(I)  Should  railroad  property  be  taxed  on  the  basis  of  what  the 
entire  railroad  would  bring  on  a  foreclosure  procedure?  Obviously 
not.  because  the  railroad  is  taxed  in  sections.  The  Town  of  Squedunk 
will  tax  the  portion  of  the  railroad  that  lies  within  that  town,  and  will 
have  considerable  difficulty  in  putting  down  as  security  for  its  own 
bonds  the  locomotives  and  cars  which  go  through  once  a  week  or  twice 
a  day  at  40  miles  per  hour.  To  cover  partly  the  flitting  assets,  it  taxes 
the  railroad  on  a  franchise  value.  It  may  tax  a  railroad's  land  on  the 
same  basis  that  it  taxes  land  owned  by  private  individuals,  notwith- 
standing the  fact  that  when  the  railroad  buys  the  right  of  way  it 
generally  has  to  pay  more  money  per  acre  than  the  householder  or  the 
farmer.  This  unit  cost  to  the  railroad  may  be  two  or  three  times  that 
to  the  farmer,  yet  the  writer  has  never  heard  of  a  community  attempt- 
ing to  tax  railroad  property  two  or  three  times  as  heavily  as  adjoining 
property  used  for  private  or  commercial  purposes. 

(II)  On  the  other  hand,  this  same  property  is  an  absolutely  sound 
asset  for  the  railroad,  and  the  railroad  probably  bought  the  property 
from  tlie  proceeds  of  the  sale  of  bonds.  If  the  public  service  commis- 
sions were  to  rule  that  the  railroad  may  be  allowed  to  issue  bonds  only 
to  the  amount  of  the  taxable  value  of  the  property  which  is  to  be  held 
as  security  for  the  bonds,  the  result  would  be  an  absolute  paralysis 
of  railroad  construction.  A  bond  is  an  obligation  to  pay  so  much 
interest  for  so  many  years,  and  to  pay  back  the  principal  at  the  end 
of  its  term.  The  bondholder  is  interested  in  the  absolute  regularity  of 
his  interest,  and  in  the  security  that  lies  behind  the  principal,  and  it 
is  to-day  the  custom  of  banking  houses  to  consider  a  bond  well  secured 
when,  in  a  territory  of  reasonably  rapid  growth,  the  principal  is  earn- 
ing say  twice  the  interest  on  its  bonds,  and  when  the  cost  of  reproduc- 
tion is  in  excess  of  the  amount  of  the  bonds,  provided  that  the 
property  is  in  good  physical  condition.  If  it  should  be  necessary  to 
foreclose  on  the  the  bonds,  it  is  then  reasonable  to  suppose  that  some 
one  else  will  buy  it  in  for  at  least  the  amount  of  its  bonded  indebted- 
ness. What  can  this  possibly  have  to  do  with  the  taxable  value  of  the 
track  in  the  Town  of  Squedunk?  One  may  be  1..5  times  the  other,  or 
three  times  the  other,  depending  on  a  multitude  of  circumstances. 
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Jir.  (Ill)     The  value  of  the  property  for  rate-making  is  a  complex  one 

■  to  determine,  and,  of  course,  there  is  no  opportunity  for  a  full  dis- 
cussion of  it  here.  One  point,  however,  will  serve  to  establish 
thoroughly  the  diiference  between  this  and  taxable  or  bonding  value. 
If  the  community  is  prosperous  and  the  business  is  a  good  one  and 
honestly  managed,  the  railroad  ought  to  be  allowed  to  earn  a  reasonable 
percentage,  say,  at  least  6%,  on  what  has  been  put  into  it.  If  the 
community  should  decree  otherwise,  then  people  will  not  build  rail- 
roads for  investment  purposes,  and  all  will  lose  money.  Now,  it  is  a 
well-known  fact  that  a  new  railroad's  earnings  have  to  grow  for  several 
years  before  they  are  on  a  normal  basis,  and  part  of  what  the  owners 
of  the  property  have  put  into  it  is,  for  example,  the  interest  on  its 
cost  before  its  earnings  are  on  a  normal  basis.  This  may  amount  to 
a  considerable  percentage  of  the  original  construction  cost  of  the 
property,  if  the  business  is  several  years  in  developing.  Granted  that 
the  community  ought  to  allow  the  property  to  earn  a  reasonable 
interest  on  what  has  been  put  into  it,  then  the  rate-making  value  will 
be  very  much  larger  Ijhan  the  sum  of  the  taxable  valuation  of  all  its 
different  parts.  It  will  also  be  much  greater  than  its  bonding  value, 
because,  as  a  bond  proposition,  it  can  borrow  money  up  to  a  limited 
percentage  of  what  it  is  actually  worth. 
Mr.  George  T.  Hammond,  M.  Am.  See.  C.  E.  (by  letter). — The  engineer 

■  called  on  to  fix  the  valuation  of  public  service  corporation  property 
has  so  little  engineering  literature  on  this  special  subject  to  guide 
him  that  he  must  feel  grateful  to  the  author  of  this  excellent  paper 
for  adding  so  much  of  a  kind  that  is  very  desirable. 

Estimating  the  cost  of  an  engineering  structure  in  advance  of  its  con- 
struction is  one  of  the  most  ordinary  professional  duties,  but  how  diffi- 
cult it  actually  is,  and  how  much  engineers  differ  with  one  another  in 
their  estimates  on  the  same  structure !  Perhaps  there  is  no  professional 
duty  which  calls  for  so  much  study  and  so  much  experience,  or  which 
tests  so  closely  the  ability  and  capacity  of  the  engineer.  How  seldom  pro- 
fessional estimators  agree  with  each  other;  or  designing  engineers  with 
contracting  engineers ;  as  witness  the  bids  received  at  the  public  lettings 
of  contracts  when  compared  with  the  engineers'  estimates  of  cost;  and, 
if  this  is  true,  which  no  one  will  attempt  to  deny,  how  much  more  so 
is  it  probable  that  estimators  will  disagree  when  they  attempt  to  place 
a  value  on  works  already  completed,  and  in  service,  perhaps,  for  many 
years,  in  which  various  changes  in  value  have  occurred,  and  in  which 
questions  of  fact  are  mixed  with  legal  questions  involving  legal  rights, 
as  well  as  financial  questions. 

The  tendency  in  all  such  valuations  appears  to  be  a  mixing  up  of 
things  in  general — like  the  witches'  stew.  Everything  goes  into  the  pot 
and  is  boiled  together  until  all  becomes  soup,  at  least  until  the  official 
commission,  like  the  witches,  considers  it  done  and  ready  to  be  served 
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up  ill  the  form   of  a   ret)ort.     It  is  then  observed  that  the  substance       Mr. 
served  out  is  of  a  complex  nature;  that  the  valuation  of  engineering  Ha™"iond- 
structures  has  become  mixed  with  other  and  uncertain  values;  that  the 
whole  value,  as  stated,  is,  after  all,  little  better  than  the  commission's 
opinion   of   the   value;    and   that   another   commission   would   reach   a 
different  conclusion. 

The  author  states  that  the  valuation  of  corporation  property: 

"Should  be  the  honest  judgment  of  the  men  composing  the  com- 
mission, as  to  the  actual  cost  of  reproduction,  present  physical  value, 
or  'fair  value,'  and  should  be  ascertained  by  a  systematic  and  scientific 
method  which  takes  into  account  all  the  facts  concerning  the  property, 
its  physical  value,  its  strategic  location,  its  operating  revenues  and 
expenses,  and  its  franchises,  rights,  competition,  opposition,  and  all 
other  tangible  or  intangible  elements,  which,  would  affect  values.  The 
method  of  valuation  should  be  such  as  to  minimize  or  entirely  eliminate 
all  differences  due  to  errors  of  personal  judgment." 

This,  it  seems,  complicates  actual  present  values  with  conditions 
which  might,  or  might  not,  continue.  Outside  of  the  physical  valua- 
tion of  the  plant,  which  offers  the  easiest  problem  presented,  how  can 
one  fairly  put  a  value  on  operating  expenses  and  revenues,  which 
might  be  affected  favorably  or  advisedly  by  good  or  bad  management, 
and  by  numerous  other  complex  and  almost  incomprehensible 
circumstances. 

The  tendency  of  all  such  commissions  seems  to  be  to  confuse 
together  and  mix  up  some  things  which  are  logically  separate.  Thus, 
the  value  of  the  plant  and  franchise,  good  will,  and  present  investment 
or  income  value,  etc.,  are  too  often  taken  together.  The  value  of  the 
plant  is  dependent  on  the  cost  of  reproduction,  and  also  the  deprecia- 
tion of  the  structures,  as  engineering  structures,  and  should  be  based 
on  present  prices  for  which  the  work  could  be  replaced,  minus  the 
depreciation,  which  is  a  question  of  engineering  judgment  and  experi- 
ence. The  other  items  of  value  are  largely  dependent  on  the  situation 
of  the  plant  and  its  prospects  as  an  income-producing  property,  and  this 
again  is  a  matter  of  opinion,  in  which  the  opinions  of  financiers  and 
investors  are  sometimes  of  more  moment  than  those  of  engineers. 
The  opinion  of  lawy^ers  as  to  the  value  of  the  franchises  and  the  cost 
of  the  legal  complications  possible  or  probable  must  also  enter  into  any 
seriously  worthy  opinion  as  to  value. 

The  few  salient  lights  in  the  picture  of  valuation,  presented  by  the 
author,  serve  especially  to  reveal  the  darkness  which  involves  the  whole 
subject  of  valuation,  estimating,  and  the  use  of  cost  data  for  such 
purposes,  and  to  suggest  that,  with  all  the  wonderful  progress  on  the 
theoretical  side  of  the  profession,  engineers  have  as  yet  advanced  but 
little  in  this  division  of  the  practical  side — cost  data,  valuation,  and  esti- 
mating. Engineers  cannot  compare  the  results  of  different  estimators 
and  appraisers  without  sorrow  and  even  shame  for  their  ignorance,  or 
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Mr.        their  incapacity  to  agree  in  the  application  of  scientific  principles  and 
the  results  of  practical  experience  to  this  branch  of  their  work. 

At  present  we  would  seem  to  be  a  long  way  from  a  method  of 
valuation,  "such  as  to  minimize  or  entirely  eliminate  all  differences 
due  to  errors  of  personal  judgment." 

The  method  described  as  having  been  used  by  Professor  Adams 
seems  to  be  at  least  an  advance  toward  a  logical  and  rational  method 
of  getting  at  the  value  of  corporation  property,  but  it  must  be  acknowl- 
edged that  we  are  as  yet  a  long  way  from  a  perfect  method  of  appraisal, 
even  of  the  physical  values,  to  say  nothing  of  the  non-physical.  He 
held  that  as  nothing  visible  or  tangible  gave  support  to  the  latter  value, 
it  must  be  determined  on  the  basis  of  information  secured  from  the 
income  accounts  of  the  company.  This  method  of  measure,  it  would 
seem,  is  not  unlike  the  celebrated  dictum  on  the  length  of  the  Chancel- 
lor's foot,  "some  Chancellors  have  a  long  foot,  and  some  an  indifferent 
foot,  and  some  a  short  foot";  therefore,  a  great  English  Chancellor 
says,  "the  length  of  a  Chancellor's  foot  should  not  be  taken  as  a 
measure  of  rights  in  equity."  Thus,  if  the  income  of  the  company 
is  to  be  taken  by  the  appraising  engineers,  or  the  gross  income,  it  may 
have  to  be  given  a  different  interpretation  from  the  net  income,  and 
if  the  surplus  earnings  depend  on  transient  causes  or  on  excessive  rates 
for  service,  it  will  lead  to  a  totally  erroneous  conclusion.  The  same 
may  be  said  if  the  rates  for  service  are  too  low,  or  if  the  company  is 
badly  managed,  or  is  carrying  a  great  deal  of  "dead  wood,"  either  in 
the  form  of  property  or  of  servants.  Therefore,  it  seems  evident  that 
he  who  attempts  to  follow  this  method  of  appraisal  must  possess  almost 
superhuman  judgment  of  present  conditions,  and  prescience  to  forecast 
the  future,  as  well  as  a  grade  of  wisdom  and  knowledge  of  existing 
conditions  of  trade  and  industry  which  may  be  also  characterized  as 
superhuman.  In  order  to  apply  Professor  Adams'  method  justly,  we 
must  know  whether  the  company  is  wisely  managed,  whether  its  income 
is  a  fair  income,  whether  its  physical  property  is  all  useful  and  needful, 
whether  its  service  is  what  it  ought  to  be  as  to  efficiency  and  economy, 
etc.  We  must  assume  an  ideal  condition  of  commerce  and  industry, 
and  of  property  value  and  management,  and  then  appraise  the  com- 
pany's property  by  comparing  it,  consciously  or  unconsciously,  with 
this  ideal.  Possibly  this  is  the  best  method  devised  so  far,  but  surely 
it  leaves  a  great  deal  to  be  desired;  and  it  is  difficult  to  see  how 
different  engineers,  on  different  sides  of  the  question,  representing 
different  interests,  can  find  any  common  ground  of  agreement  in 
Professor  Adams'  method.  Under  such  circumstances,  engineers  are 
likely  to  differ  in  their  results  as  much  as  the  length  of  the  different 
Chancellors'  feet. 
Mr.  Leonard  Metcalp,  M.  Am.  Soc.  C.  E.  (by  letter). — Mr.  Riggs  has 

■  done  engineers,   and  more  particularly  those   interested   in   valuation 
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works,  a  genuine  service  in  presenting  to  the  Society  this  admirable     Mr. 

Metcalf. 

paper. 

No  shrewd  observer  can  fail  to  recognize  the  increasingly  insistent 
demand  of  the  public  for  greater  publicity  in  the  accounting,  and  a 
hn-ger  measure  of  governmental  control  in  the  operation,  of  public 
service  corporations.  In  its  best  form,  such  control  will  be  welcomed 
by  the  corporations,  as  giving  greater  stability  to  investment  in  such 
property;  in  its  worst,  it  may  prove  a  serious  limitation  to  prompt 
development  of  the  best  standards  of  service.  In  the  water-works  field, 
the  anti-corporation  movement  has  resulted  in  taking  over  by  the 
public  many  such  plants.  It  does  not  seem  likely,  however,  that  we  are 
ready  to  go  farther  in  the  railroad  field  of  operation  than  to  demand 
reasonable  regulation  of  such  corporations. 

Wliile  the  writer  has  had  no  experience  in  railway  management  or 
valuation,  he  has  devoted  much  time  and  thought  to  the  valuation  of, 
and  determination  of  fair-rate  schedules  for,  water-works  properties; 
therefore,  what  he  may  have  to  say  in  comment  on  this  pai)er  may  be 
assumed  to  have  direct  application  to  water-works  valuation,  and  to 
railroad  valuation  only  as  the  similarity  in  the  public  service  rendered 
liv  these  corporations  may  imply. 

In  the  main,  the  writer  subscribes  heartily  to  the  views  expressed 
I'y  the  author  and  the  temperate  way  in  which  he  has  expounded  them. 
Space  forbids  discussion  in  detail  of  all  the  matters  alluded  to  and  so 
well  covered  by  Mr.  Eiggs.  On  one  important  subject,  however — the 
inclusion  of  the  going  value,  or  going  concern  value,  of  public  service 
cori)oration  i)roperty,  in  the  intangible  property  values,  rather  than  in 
I)hysieal  plant  value,  and  the  consideration  of  it  as  an  intangible  value 
rather  than  as  a  real  and  substantial  item  of  cost  to  the  public  service 
corporation — the  writer  differs  from  the  author.  It  is  clear,  from  what 
^[r.  Riggs  has  said,  that  this  is  debatable  ground,  and,  from  the  care 
and  fairness  with  which  he  has  expressed  his  views  on  this  subject, 
one  might  almost  be  led  to  infer  that  he  invites  attack  on  it.  It  is 
in  no  carping  spirit  of  criticism,  however,  that  the  following  views  are 
expressed. 

As  the  writer  has  recently  submitted  to  the  Publication  Committee 
of  this  Society  a  paper  on  the  "Going  Value  of  Water- Works,"  written 
by  him  in  collaboration  with  .Tohn  W.  Alvord,  M.  Am.  Soc  C.  E.,  in 
which  a  detailed  discussion  of  this  subject  will  be  found,  only  enough 
will  be  said  to  outline  clearly  his  point  of  view. 

The  author  says: 

"The  physical  property  is  that  which  enables  the  corporation  to  do 
business.  Without  physical  property  it  could  not  produce  the  com- 
modity which  it  sells.  The  amount  of  money  actually  invested  in 
acquiring  that  physical  property  represents  the  measure  of  capital  on 
which  it  is  morally  entitled  to  earn  interest  and  profit;  and,  in  the 
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Mr.      stage  of  promoting  and  financing  the  enterprise,  all  hope  of  earnings 
Metcaif.  jg  jjj^gg(j  Qj^  ^i^Q  amount  of  money  required  to  construct  the  property." 

He  also  says : 

"It  would  seem  reasonable  to  say  that  this  difference  between  the 
physical  value  and  the  value  based  on  earnings  represents  the  'good 
will,'  'established  business,'  or  'going  value,'  and  all  other  non-physical 
elements  of  value." 

In  referring  to  going  value,  he  says : 

I'*  *  *  Yet,  to  fix  a  value  on  it  by  the  method  described  by  him 
[Mr.  Alvord]  involves  going  into  the  realm  of  conjecture  and  specula- 
tion to  a  degree  that  could  never  be  sustained.  *  *  *  It  can  be 
readily  seen  that  the  physical  present  value  is  not  always — indeed,  is 
not  often — the  'fair  value.'  The  'fair  value'  may  be  more,  or  less,  than 
the  present  value  of  the  physical  property." 

"*  *  *  Is  it  not,  then,  proper  to  conclude  that  the  non- 
physical  or  intangible  value,  composed  of  all  these  various  elements 
of  value,  can  only  be  determined  absolutely  by  a  study  of  the  earnings 
and  operating  expenses?     *     *     *" 

He  also  says : 

"The   contention    that    all   the   different   elements    of   non-physical 

value  merge  into  one  intangible  value,  not  capable  of  separation,  will 

doubtless  be  objected  to  by  many  engineers  and  corporation  managers. 
*     *     *» 

"The  writer  does  not  concede  that  'going  concern'  is  a  proper 
element  to  consider  in  the  physical  value,  as  it  does  not  represent 
any  part  of  the  cost  chargeable  to  capital,  and  the  physical  valuation 
should  be  confined  to  the  determination  of  capital  invested." 

Quotations  might  be  multiplied.  Those  cited,  however,  will  suffice 
to  recall  the  author's  view,  and  to  make  clear  the  point  with  which 
issue  is  taken. 

Is  Mr.  Riggs  right  in  his  contention  that  going  value  is  in  fact  an 
intangible  value;  that  going  value  is  not  an  element  of  real  cost  to 
the  company,  involving  investment  of  capital;  that  going  value,  there- 
fore, should  not  be  included  in  physical  plant  value;  and  that  the 
company  is  not  morally  entitled  to  earn  interest  and  profit  on  it? 

The  writer  contends  that  going  value  is  as  real  an  element  of  cost, 
in  the  property  of  any  public  service  corporation,  as  is  the  cost  of  any 
portion  of  its  physical  plant.  It  pertains,  however,  to  the  business, 
rather  than  to  the  physical  plant,  of  the  corporation. 

Whatever  the  difficulties  of  its  computation  may  be,  whatever  the 
methods  used — whether  that  adopted  by  the  Wisconsin  Public  Service 
Commission  (which  is  essentially  one  of  determining  the  original  cost 
of  the  going  value  and  not  its  reproduction  cost),  or  whether  that 
perhaps  first  outlined  by  Mr.  Benezette  Williams  and  George  H. 
Benzenberg,  Past-President,  Am.  Soc.  C.  E.,  in  the  Middle  West,  and 
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by  William  Wheeler,  Al.  Am.  Soc.  C.  E.,  in  the  East,*  a  method  which      Mr. 
seeks  to  detormiue  the   reproduction   cost  of  the  going  value,   rather  ^J^^tcaif. 
tiuui    its    original    cost — the    going   concern    value    has    come    to    be 
recognized,  by  water-vporks  appraisers  at  least,  as  a  substantial  element 
in  the  cost  of  the  plant,  and  hence  as  differing  essentially  from  the 
franchise  element  or  so-called  unearned  increments  of  value. 

Is  not  going  value  in  a  "between"  class — a  middle  ground  between 
tangible  and  intangible  values — tangible  in  that  it  has  involved  real 
cost  and  expenditure  of  money;  intangible  in  that  it  is  not  as  readily 
calculated  as  are  other  reproduction  cost  items,  is  dependent  funda- 
mentally on  the  earnings  of  the  company,  and  that  there  is  no  tangible 
equivalent  to  show  for  the  expenditure,  except  the  existing  income  of 
the  corporation?  Surely  its  character  is  quite  different  from  that 
of  the  franchise,  as  ordinarily  found,  the  value  of  which,  while  real, 
from  the  rate-payers'  point  of  view,  seems  to  be  made  out  of  whole 
cloth;  in  short,  seems  to  be  of  fictitious  value. 

Certainly,  the  conjectural  and  speculative  character  of  the  compu- 
tations— as  referred  to  by  Mr.  liiggs — involved  in  the  determination 
of  going  value  is  no  excuse  for  failure  to  recognize  going  value  as  a 
real  element  of  cost,  rather  than  as  an  intangible  value.  As  a  matter 
of  fact,  the  variation  in  the  views  on  going  value,  by  engineers  who 
have  given  this  subject  particular  study,  while  greater  than  the  varia- 
tion in  their  estimates  of  the  reproduction  cost  of  the  physical  plant, 
is  still  far  less  than  the  variation  in  their  views  on  franchise  value. 

As  bearing  on  the  proper  basis  for  rate-making,  the  author's  state- 
ment, that  the  "*  *  *  physical  property  represents  the  measure  of 
capital  on  which  it  [the  public  service  corporation]  is  morally  entitled 
to  earn  interest  and  profit  *  *  *"  cannot  be  admitted,  equitably  or 
legally;  and  it  is  not  to  be  assumed  that  Mr.  Riggs  desired  to  imply 
that  this  sentence  summed  up  his  final  views. 

Are  we  not,  however,  approaching  a  basis  of  rate-making,  predi- 
cated on  the  earning,  by  public  service  corporations,  of  operation  and 
maintenance  expenses,  depreciation  allowance,  and  return  (i.  e.,  in- 
terest and  profit)  on  reproduction  cost  of  the  property,  less  accrued 
depreciation,  plus  going  value,  plus  a  nominal  allowance  for  the  fran- 
chise and  other  intangible  values  of  the  corporation?  Is  it  not  possible 
that  the  recent  depression  in  the  business  world  has  been  due,  in  con- 
siderable measure,  to  the  shrinkage  in  the  values  ascribed  to  franchise 
and  other  intangible  value  in  public  service  corporation  property? 

If  we  are  approaching  such  a  limitation,  it  is  the  more  important 
that  the  public  should  be  educated  to  the  fact — not  theory,  for  it  is  a 


*  Shortly  after  the  Kansas  City  Water  Conipauy  case  and  the  classic  decision  of  Mr. 
Justice  Brewer,  and  since  developed  by  the  suirjiestions  of  a  niiniher  of  engineers,  amonfr 
them  John  W.  Alvord,  M.  Am.  Soc.  C.  E..  whose  admirable  article  on  •'Gointr  Value  of 
Water-Works."  presented  at  the  Milwaukee  Convention  of  the  American  Water-Works 
Association,  held  in  I'.lO'.).  is  familiar  to  all  students  of  water-works  valuation. 
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Mr.  fact — that  going  value,  or  going  concern  value,  is  a  real  element 
of  cost,  covering  an  outlay  in  effort  and  money  on  the  part  of  the 
corporation,  and  as  such  is  as  much  entitled  to  earn  a  retvirn  (interest 
and  profit)  as  is  the  other  capital  invested  in  plant.  It  is  not  on  any 
items  of  real  and  necessary  cost  to  the  corporation  that  the  public 
objects  to  paying  tribute,  but  on  the  "unearned  increments"  and  the 
virtual  monopoly  "privileges"  enjoyed  by  the  corporation  and  created, 
in  large  measure  at  least,  by  the  public  itself  and  by  normal  conditions 
of  growth  and  development  for  which  the  public,  rather  than  the 
corporation,  vi^as  perhaps  responsible — though  in  many  cases  it  may  be 
urged  truly  that  the  corporation  itself,  rather  than  the  public,  has  been 
responsible  for  the  development. 

Such  a  basis  of  rating,  vphile  still  dependent  on  sound  judgment 
and  judicial  treatment,  is  nevertheless  not  beset  with  the  speculative 
element  involved  in  the  capitalization  theory,  which,  Mr.  Kiggs  him- 
self admits,  fails  as  a  basis  of  rate-making  except  when  predicated  on 
fair  rates. 

If  the  writer's  contention,  that  going  value  is  a  real  element  of 
cost  in  the  property  of  any  public  service  corporation,  is  sound,  Mr. 
Riggs'  statement  that,  "It  appears  to  be  doubtful  whether  the  Court 
can  be  construed  as  approving  such  an  element  of  value  in  rate  cases," 
and  his  interpretation  of  Judge  Tayler's  ruling  in  the  Cleveland  Street 
Railway  matter,*  must  be  challenged. 

Certainly,  as  applied  to  water-works  valuation,  Mr.  Riggs'  state- 
ment is  not  justified.  The  Maine  cases  clearly  include  going  value 
as  an  element  of  value  on  which  rates  should  be  predicated;  by  infer- 
ence, so  does  the  Kansas  City  case.  In  the  Knoxville  case  it  was  in 
fact  allowed  by  the  Master. 

In  equity  it  cannot  be  doubted  that  going  value  should  be  included 
in  the  base  on  which  the  returns  are  predicated,  if,  as  contended,  it 
involves  real  cost  to  the  company;  for  the  company  must  be  permitted 
to  earn  a  fair  return  on  this  cost,  or  to  liquidate  it  in  some  way,  as 
otherwise  the  corporation  would  suffer  substantial  property  loss — 
from  10  to  20%,  more  or  less,  of  the  reproduction  cost  of  its  property. 
This  would  be  contrary  to  public  policy,  for,  with  such  an  outlook, 
capital  would  not  enter  this  field  of  enterprise,  except  at  increased 
rates  of  return,  commensurate  with  this  added  hazard.  To  assume 
such  increased  rates  of  return  is  to  provide  another  means  of  liquidat- 
ing such  a  loss. 

As  to  "good  will,"  it  has  seemed  to  the  writer  more  proper  to  use 
this  term  in  private  competitive  corporation  enterprises,  as  applied 
to  the  element  of  value  corresponding  to  the  going  value  of  the  quasi- 
municipal  or  public  service  corporation  enterprises,  which  latter  are  in 
effect  controlled  monopolies.     If  the  term  is  used  in  its  more  collo- 

*  Proceedings,  Am.  Soc.  C.  E.,  for  November,  1910,  p.  1523. 
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qiiial  sense,  such  as  tlie  effect  on  earnings  of  having,  in  the  office  of     Mr. 
the  corporation,   men  wlio  meet  the  public  pleasantly,  who   are  good 
"mixers,"   and  who  are  active  in  getting  business,   the  value  is  sub- 
stantially included  in  the  consideration  of  the  income,  in  the  manner 
involved  by  going  value  determination  and  franchise  valuation. 

The  depreciation  question  has  been  discussed  so  fully  elsewhere 
that  the  writer  only  calls  attention  to  the  fact  that,  while  physical 
and  functional  depreciation  only  are  to  be  considered  in  a  review  of 
the  present  physical  condition  of  any  plant,  in  considering  a  fair-rate 
schedule,  provision  should  also  be  made  for  contingent  depreciation, 
covering  such  items  as  cost  incident  to  change  in  street  grades  or  con- 
struction of  subways;  placing  structures  under  ground,  which  were 
previously  above  ground;  serious  loss  due  to  injury  by  electrolysis,  the 
distribution  of  which  over  a  period  of  years  rather  than  inclusion  in 
the  operating  cost  for  one  year,  is  to  be  preferred,  alike  from  the  public 
and  from  the  corporate  point  of  view,  from  the  fact  that  it  spreads  the 
burden  to  be  borne  by  the  rates,  and  prevents  violent  fluctuation  in 
prices  or  valuation  of  the  public  service  corporation's  property.  The 
public  pays  dearly  for  all  hazards.  It  is  wise,  therefore,  to  pursue  the 
conservative  course  in  providing  adequate  funds  to  meet  extraordinary 
conditions,  and  to  give  stability  to  the  investment  of  the  corporation, 
^[oreover,  such  funds  can  be  carried,  in  a  separate  account  which  can 
readily  be  watched;  any  excess  can  be  credited  to  future  reduction 
in  depreciation  account  requirements,  while  a  prolonged  deficit  cannot 
perhaps  be  recovered  by  the  corporation,  in  the  light  of  the  Knoxville 
decision. 

The  comment  that  no  hard-and-fast  rule  can  cover  determination 
of  proper  depreciation  allowances,  is  amply  justified.  In  its  final 
analysis,  it  is  a  matter  of  good  judgment,  experience,  and  judicial 
temper. 

The  author's  statement  that  the  organization,  legal,  engineering, 
administration,  and  general  expense  accounts,  "should  not  be  con- 
sidered as  affected  by  depreciation,  as  long  as  the  property  is  a  going 
concern,"  is  not  quite  clear.  Obviously,  this  is  true  with  regard  to  all 
the  early  organization  expenses,  as  these  expenses  are  incurred  once 
for  all,  and  constitute  a  continuing  asset  similar  to  other  elements  of 
plant  cost.  If,  however,  the  author  refers  therein  also  to  the  engineer- 
ing and  contingent  item  added  to  many  of  the'  reproduction  cost  items 
making  up  the  physical  property,  exception  must  be  made;  for  when 
an  old  structure,  the  life  of  which  is  gone,  is  replaced  with  a  new 
structure,  new  engineering  costs  are  incurred,  and  the  engineering 
element  of  cost  incident  to  the  installation  of  the  original  structure 
no  longer  inheres  in  the  plant.  It,  too,  has  passed  away  with  the  life 
of  the  structure,  and,  therefore,  its  cost  should  be  liquidated,  or  pro- 
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Mr.  vided  for  in  the  depreciation  account,  as  well  as  the  cost  of  the  struc- 
■  ture  to  which  it  was  incident. 

In  the  same  way  the  "interest-during-construction"  item  is  not  a 
continuing  asset,  but  should  be  liquidated  with  the  complete  deprecia- 
tion of  the  portion  of  the  structure  to  which  it  relates.  The  replace- 
ment of  the  structure  will  involve  new  "interest-during-construction" 
charges,  commensurate  with  the  time  required  for  construction.  The 
value  of  the  initial  "interest-during-construction"  costs  will  have  dis- 
appeared with  the  original  structure  and,  therefore,  should  be  taken 
care  of  by  the  depreciation  account. 

The  method  of  making  allowances  for  interest  during  construction, 
suggested  by  the  author,*  accords  closely  with  that  used  by  Mr.  Alvord 
and  the  writer  in  a  recent  valuation  of  a  large  water-works  property, 
in  which  the  "interest-during-construction"  charges  were  limited,  and 
the  contributions  to  depreciation  account  were  begun,  at  the  date  on 
which  any  workable  unit  of  the  property  was  assumed  to  be  available 
for  service  and  to  begin  to  earn  a  return  on  its  investment  cost,  even 
though  the  structure,  as  a  whole,  was  not  assumed  to  be  completed 
for  a  considerable  period  of  years  thereafter.  Thus,  for  instance,  it 
might  be  assumed  that  as  soon  as  the  supplying  works  in  a  water-works 
project  were  in  operation,  the  investment  in  them  and  in  the  distribu- 
tion pipe  system  laid  up  to  that  time,  would  cease  to  be  credited 
further  with  "interest-during-construction"  allowances,  and  would  be 
compelled  to  earn  interest  through  the  water  rates  or  income  from 
water  supplied  to  consumers — the  fact  that  the  interest  charge  could 
not  be  wholly  met,  immediately  at  this  time,  being  taken  care  of  in  the 
resulting  increment  in  going  value. 

Such  a  theory,  of  course,  does  involve  a  determination  of  the 
probable  order  and  rapidity  of  construction  of  the  component  parts  of 
the  property,  and  this  is  usually  made,  in  water-works  valuation,  in  the 
estimate  of  the  reproduction  cost  of  the  property. 

For  the  sake  of  completeness,  in  reference  to  the  legal  decisions 
of  importance  in  valuation  proceedings,  attention  is  called  to  the 
Pennsylvania  case,  Brymer  vs.  Butler  Water  Company  (179  Pa.,  231), 
referred  to  in  the  closing  discussion  on  the  writer's  paper  on  "Water- 
Works  Valuation."! 

In  this  case  Justice  Williams,  speaking  for  the  Supreme  Court  of 
Pennsylvania,  says: 

"By  what  rule  is  the  Court  to  determine  what  is  reasonable  and 
what  is  oppressive?  Ordinarily,  that  is  a  reasonable  charge  or  system 
of  charges  which  yields  a  fair  return  upon  the  investment.  Fixed 
charges  and  costs  of  maintenance  and  operation  must  first  be  provided 
for.     Then  the  interests  of  the  owners  of  the  property  are  to  be  con- 

*  Proceedings,  Am.  Soc.  C.  E.,  for  November,  1910,  p.  1512. 
t  Transactions,  Am.  Soc.  C.  E.,  Vol.  LXIV,  p.  94, 
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sidered.     They  are  entitled  to  a  rate  of  return,  if  their  property  will     Mr. 
earn   it,   not  less   than   the   legal   rate   of  interest;   and   a  system   of  i^ietcaif. 
charges  that  yields  no  more  income  than  is  fairly  required  to  maintain 
the  plant,  pay  fixed  charges  and  operating  expenses,  provide  a  suitable 
sinking  fund  for  the  payment  of  debts,  and  pay  a  fair  profit  to  the 
owners  of  the  property  cannot  be  said  to  be  unreasonable." 

The  Pennsylvania  Court,  therefore,  in  the  words  of  William  S. 
Wallace,  Esq.,  recognizes  the  single  standard: 

"The  Single  Standard,  according  to  the  Brymer  case,  while  acknowl- 
edging the  full  right  of  tlie  public  to  regulate  such  public  corporations, 
also  recognizes  as  a  prime  factor  its  private  character  and  the  rights 
which  accrue  to  it  in  that  capacity,  *  *  *  and  holds  to  what  seems 
to  me  the  only  rational  and  practicable  basis,  that  a  fair  return,  after 
deducting  the  charges  above  enumerated,  is  a  reasonable  rate"; 
whereas,  "the  Double  Standard  basis  of  fixing  a  reasonable  rate  seems 
to  accentuate  the  public  side  of  the  corporation  and  rather  ignores  the 
private  element." 

As  to  the  propriety  of  the  inclusion  of  a  substantial  recognition  of 
franchise  value  as  a  basis  for  rating,  the  layman  may  well  confess 
to  perplexity,  in  the  light  of  the  conflicting  nature  of  the  two  important 
recent  United  States  Supreme  Court  opinions  referred  to — the  Knox- 
ville  case,  and  the  Consolidated  Gas  Company  case — for,  while  sub- 
stantial allowance  was  made  for  franchise  value,  in  the  Consolidated 
Gas  Company  case  decision,  in  large  measure  apparently  on  account 
of  its  earlier  recognition  by  the  legislature,  in  the  Knoxville  case,  in 
spite  of  legislative  recognition  of  such  value,  and  similar  approval  of 
the  issue  of  securities  predicated  on  such  recognition,  the  United 
States  Supreme  Court  failed  to  make  similar  allowance  for  franchise 
value. 

The  author's  treatment  of  the  unit  price  question  and  the  con- 
tingency item  is  intelligent  and  creditable.  Engineers  are  prone  to 
make  valuations  based  on  "hindsight"  instead  of  "foresight,"  on  the 
assumption  that  no  substantial  difficulties  in  construction  were  en- 
countered, when,  in  fact,  substantial  difiiculties  should  perhaps  have 
been  anticipated,  and  may  actually  have  been  encountered  in  the 
original  construction,  record  of  them  having  been  obliterated,  however, 
with  the  lapse  of  time. 

The  author's  definition  of  the  value  of  a  property,  as  the  "estimated 
worth  at  a  given  time,  measured  in  money,  taking  into  account  all 
the  elements  which  add  to  its  usefulness  or  desirability  as  a  business 
or  profit-earning  proposition,"  suggests  the  advisability  of  recognizing 
the  other  side  of  the  ledger  by  modifying  his  statement  so  as  to  read: 
"*  *  *  all  the  elements  which  add  to,  'limit,  or  detract  from'  its 
usefulness  or  desirability  as  a  business  or  profit-earning  proposition." 

While  recognizing  the  author's  view,  that  there  is  no  separate  and 
independent    method   of    determining   franchise   value,    which   is   not 


248     DISCUSSION  :  valuation  or  public  service  property      [Papers. 

Mr.      based  on  the  determination  of  the  value  of  the  property  as  a  whole, 

■  by  capitalization  methods,  it  must  be  recognized  that  going  value  may 

be  determined  independently,   and  may  have  a  positive  value,  even 

though  the  property  as  a  commercial  whole  is  worth  less  than  the  sum 

of  the  physical  value  and  the  going  value. 

The  Court,  appraisers,  and  the  author,  alike  recognize  that  there 
is  no  one  method  of  valuation  of  universal  application.  First  cost, 
reproduction  cost,  reproduction  cost  less  depreciation,  commercial  value 
determined  by  capitalization,  worth  of  the  service  to  the  consumer, 
and  market  price  of  the  property,  if  such  exists,  all  have  their  weight, 
in  varying  degree  in  different  cases.  Whatever  may  be  said  of,  for,  or 
against,  these  several  methods  of  valuation,  relates  rather  to  their  sig- 
nificance, and  the  weight  which  should  attach  to  the  results  obtained 
by  them,  as  evidence  of  value  and  of  the  effect  of  the  modifying  local 
conditions,  than  to  the  soundness  of  the  methods  themselves. 

In  this  connection  it  may  be  of  interest  to  refer  to  a  recent  valua- 
tion of  a  water-works  property,  in  the  appraisal  of  which  the  writer 
chanced  to  participate,  in  which  there  was  finally  placed  before  the 
board  of  appraisal  a  summing  up  of: 

1.  The  original  cost; 

2.  Reproduction  cost  less  accrued  depreciation,  plus  going  value; 

3.  The  worth  of  the  service  to  the  consumers,  based  on  a  stated 

assumption  of  reasonable  increment  in  value  in  excess  of 
actual  cost,  upon  which  a  return  (or  interest  and  profit) 
should  be  earned; 

4.  The  commercial  or  capitalized  value,   on  certain  assumptions 

based  on  present  conditions,  and  also  on  possible  future  condi- 
tions which  might  be  involved  in  a  renewal  of  the  City  con- 
tract, which  was  to  expire  within  two  years. 

That  these  determinations  of  value,  from  different  points  of  view, 
had  an  influence  in  moulding  the  opinion  of  the  individual  appraisers, 
there  can  be  little  doubt ;  yet  it  is  probably  equally  true  that  in  no  case 
was  like  weight  attached  to  the  several  items  or  bases  of  valuation. 
Nevertheless,  in  the  final  valuation,  the  consensus  of  opinion  as  to  the 
value  of  the  property,  as  a  whole,  was  remarkably  close,  the  extreme 
variations  in  opinion  being  approximately  8%,  more,  or  less,  than  the 
final  appraised  valuation. 

Attention  should  also  be  called  to  the  necessity,  in  any  valuation 
by  capitalization  of  income,  such  as  that  outlined  by  Mr.  Riggs  and 
used  by  Professor  Adams  in  the  U.  S.  Government  Valuation  of  Rail- 
roads,* of  determining  whether  the  plant  or  property  is  in  what  might 
be  termed  an  over-built,  normally  developed,  or  under-built  condition; 
in  short,  whether  the  investing  public  has  correctly  gauged  its  momen- 
*  Bulletin  21,  Department  of  Commerce  and  Labor,  U.  S.  Bureau  of  the  Census. 
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tary  physical  condition  with  reference  to  its  bearing  on  the  rates,  and  jir. 
whether  the  earnings  are  in  fact  inadequate,  commensurate  with  the  ^^®*^'=*^*- 
service  rendered,  or  excessive.  In  the  long  run,  due  weight  will  be 
given  to  these  facts;  in  a  brief  period,  they  may  be  incorrectly  gauged. 
In  water-works  properties,  unfortunately,  there  is  rarely,  if  ever,  a 
market  price  of  the  securities  which  can  be  said  to  be  credible  or 
signiticant  in  valuation.  Therefore,  in  the  valuation  of  water-works 
properties,  it  is  the  more  important  that  the  appraisers  should  weigh 
carefully  the  present  character  of  the  service  furnished  and  the  momen- 
tary adequacy  or  inadequacy  of  the  rates  as  predicated  on  such  service, 
on  the  needs  of  the  community,  and  the  existing  standards  of  the  day, 
if  full  justice  is  to  be  done. 

In  conclusion,  the  writer  reiterates  his  statement,  that  he  has  taken 
issue  with  the  author  in  no  carping  spirit  of  criticism,  but  with  a 
recognition  of  the  difficulty  and  complexity  of  the  work  of  appraisal, 
and  the  conviction  that  engineers  are  under  a  moral  obligation  to  do 
an  educational  work  in  pointedly  calling  attention  to  the  fact  that  the 
going,  or  going  concern,  value,  of  a  public  service  corporation's  prop- 
erty is  not  an  intangible  value  representing  an  unearned  increment, 
but  a  very  real  and  substantial  item  of  cost  in  the  property  as  a  whole. 
While  the  difficulty  may  be  met  by  placing  going  value,  as  suggested 
by  the  writer,  in  a  middle  class  between  physical  plant  and  intangible 
values,  the  placing  of  it  in  the  same  class  with  franchise  and  other 
intangible  elements  of  value,  as  suggested  by  the  author,  may,  in  the 
judgment  of  the  writer,  do  a  serious  injury  to  corporations,  in  failing 
to  give  expression,  in  such  a  manner  as  shall  be  clearly  within  the 
grasp  of  the  popular  mind,  to  the  fundamental  idea  of  the  cost  of 
developing  going  value.  While  the  writer  has  no  personal  interest  in 
the  matter,  on  one  side  or  the  other,  having  served  both  municipality 
and  corporation  in  water-works  valuations,  he  feels,  nevertheless,  that 
engineers  can  do  a  genuine  service,  alike  to  the  public  and  to  the  public 
service  corporation,  in  laying  stress  on  the  fundamental  elements  of 
cost  and  value,  and  particularly  those  on  which  rates  should  be  predi- 
cated, in  public  service  corporation  property  valuation  and  rating. 

Charles  Hansel,  M.  Am.  Soc.  C.  E. — So  much  has  been  said  on  Mr. 
the  subject  of  valuation  of  public  utilities  that,  although  the  speaker  ^°®®  • 
has  thought  on  the  subject  for  ten  years,  and  has  done  considerable 
valuation  of  railroad  properties,  he  finds  that  he  is  considerably  con- 
fused, for  the  reason  that  the  discussions  seem  to  cover  the  whole  field 
of  engineering,  accounting,  taxation,  and  economics;  therefore  he 
suggests  that,  in  order  to  get  down  to  a  basis  of  usefulness,  a  special 
committee  should  be  appointed  to  take  this  question  under  con- 
sideration. 

The  speaker  had  the  honor  of  being  associated  with  the  Michigan 
Commission,  as  a  member  of  the  Board  of  Review.     Professor  M.  E. 
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Mr.  Cooley  was  selected  by  the  State  of  Michigan  to  take  charge  of  the 
*°^®  •  work  of  organization,  and  Mr.  Riggs  was  the  engineer  who  organized 
the  ofEce  and  field  forces.  Both  these  gentlemen  were  eminently  suc- 
cessful in  that  very  difiicult  work.  Mr.  Cooley  did  this  Board  the 
honor  of  saying  that  there  were  so  many  problems  coming  up  in 
actually  carrying  out  the  work  (aside  from  the  theories  of  taxation, 
rate-making,  accounting,  and  several  other  things,  which  could  be  found 
more  readily  in  the  Auditor's  ofiice  than  in  the  Engineer's),  that  he 
had  asked  for  the  appointment  of  this  Board  of  Review,  to  sit  as  a 
Court,  and  to  pass  on  the  many  complex  questions  arising  from  day 
to  day;  and  he  had  the  satisfaction  of  coming  to  the  Board  every  day 
and  saying :  "Well,  now  here  is  a  condition,  and  how  will  I  handle  it  ?" 
Of  course,  actually,  he  knew  more  about  it  than  the  Board,  but  he 
was  kind  enough  to  say  that  he  would  ask  for  the  Board's  opinion. 
That  Board  adjudicated  all  these  various  questions  to  the  best  of  its 
ability,  and  the  speal^er  has  the  satisfaction  of  knowing  that  the 
valuation  has  stood  in  the  Federal  Courts.  The  subjects  are  so 
fugitive  and  so  illusive  that  very  much  depends  on  the  point  of  view. 

The  speaker  is  now  engaged  in  the  actual  task  of  trying  to  place  a 
valuation  on  some  $300  000  000  worth  of  property  in  New  Jersey, 
involving  the  most  important  terminals  in  the  United  States. 

The  valuation  of  public  service  utilities  is  the  most  profound  ques- 
tion which  has  ever  been  before  the  Society,  and  it  includes  a  great 
deal  which  is  outside  of  strictly  engineering  questions;  in  fact,  the  dis- 
cussions do  not  throw  much  light  on  the  methods  which  should  be 
followed  in  making  valuations. 

The  terminology  of  a  subject  is  very  important;  in  fact,  the  speaker 
has  found  it  so  important  that  in  his  discussions  with  the  Attorney- 
General  of  New  Jersey,  in  reference  to  the  Railroad  Tax  Law,  which 
he  has  been  asked  to  re-draft,  that  draft  will  be  accompanied  by  a 
glossary,  so  that  the  meaning  of  certain  terms  used  in  that  particular 
Act  will  be  clear. 

In  this  New  Jersey  work  some  eighty-seven  engineers  and  assistants 
are  employed,  and  for  their  guidance  the  speaker  has  prepared  thirty- 
five  pages  of  very  carefully  considered  instructions.  These  instructions 
are  accompanied  by  blue  prints  showing  exactly  how  all  field  notes  must 
be  recorded,  with  diagrams  of  trusses,  culverts,  and  the  like,  and  all  the 
elements  of  railroad  construction. 

The  Tax  Law  of  New  Jersey  states  that,  first,  the  true  value  of  the 
real  estate  shall  be  ascertained;  second,  the  true  value  of  the  tangible 
personal  property;  and  the  first  law  of  1884  stated:  "and  third,  the 
value  of  the  franchise";  but  somebody  discovered  that  there  was  some- 
thing besides  the  value  of  the  real  estate,  the  tangible  personal  property, 
and  the  franchise.  They  did  not  know  what  it  was,  but  there  was 
something   else ;   therefore,   in   the   1888   law   they   changed   the   third 
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division    of   value   to    read:    "the    remaining    property,    including    the     Mr. 
.-  1  •       .J  •  Hansel. 

Irancliise. 

As  an  example  ol'  one  of  the  difficulties  of  determining  classifica- 
tion, attention  is  directed  to  the  term,  Keal  Estate,  which  is  broadly, 
but  seldom  accurately,  understood. 

The  Interstate  Commerce  Commission  is  the  highest  tribunal  in  the 
land,  in  the  matter  of  railroad  accounting,  but  it  affords  no  help  in 
many  important  elements  of  value;  for  instance,  under  the  Interstate 
Commerce  Commission,  real  estate  includes  only  such  real  estate  (land) 
as  is  not  required  for  railroad  purposes.  All  land  actually  used  for 
railroad  purposes  is  classified  under  "Right  of  Way  and  Station 
Grounds." 

When  the  engineers  on  the  New  Jersey  valuation  were  sent  into 
the  field,  it  was  necessary  to  specify  exactly  what  elements  must  be 
described  as  real  estate,  and  what  as  tangible  personal  property.  The 
division  line  had  to  be  defined  accurately  for  the  reason  that  all 
personal  property  is  assessed  permanently  to  the  State,  while,  in  the 
ease  of  real  estate,  the  State  receives  the  taxes  on  a  strip  not  exceeding 
100  ft.  in  width,  and  the  tax  on  all  property  used  for  railroad  purposes 
outside  this  strip  reverts  to  the  taxing  district  wherein  it  is  found. 

The  vexatious  question  as  to  whether  machinery  is  to  be  considered 
as  real  estate  or  personal  property  was  settled  by  the  New  Jersey  Law, 
which  says  that  tangible  personal  property  shall  include  all  machinery; 
but  it  left  unsettled  the  question:  what  is  machinery?  After  careful 
consideration,  real  estate  was  divided  into  74  classes,  and  all  other  tangi- 
ble elements  were  classified  as  personal  property.  Some  of  the  items  of 
real  estate  are :  ash-handling  machinery  and  the  like,  chimneys,  cis- 
terns, conveyors,  dams,  locks,  lock  machinery,  electric  wiring,  piping, 
heating,  interlocking,  signaling,  pavements,  reservoirs,  shop  fittings, 
tanks,  telegraph  lines,  track,  track  scales,  transfer  tables,  water-works, 
etc.,  etc.  Generally  speaking,  all  items  of  a  fixed  character  were 
included  in  the  74  divisions  of  real  estate. 

The  difficulties  of  determining  all  the  elements  of  real  estate  are 
mentioned  simply  to  call  attention  to  what  at  first  glance  seems  quite 
simple,  but  on  close  examination  is  found  to  have  great  complexities. 

The  question  of  useful  life  depreciation,  direct  and  indirect,  due 
to  decrepitude  or  obsolescence,  or  both,  is  one  of  the  illusive  questions; 
and  then  comes  the  value  of  the  franchise. 

The  valuation  of  railroad  property  in  New  Jersey  is  further  compli- 
cated by  the  requirements  of  the  State  Tax  Law,  which  specifies  that 
the  value  of  the  remaining  property,  including  the  franchise,  shall 
be  determined  after  the  "true  value"  of  the  real  estate  and  tangible 
personal  property  have  been  determined. 

The  speaker  will  not  attempt  a  discussion  of  franchise  values,  as 
it  is  a  subject  which  requires  the  most  profound  study. 
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Mr.  The  author  states  that  he  is  appalled  at  the  speaker's  misconception 

Hansel.  ^£  ^j^^  method  of  determining  non-physical  value  used  by  Professor 
Adams  in  Michigan.  The  speaker  is  perfectly  familiar  with  that 
method,  and,  although  having  the  greatest  respect  for  Professor 
Adams'  opinions,  is  compelled  to  draw  attention  to  two  important 
elements  of  that  formula  which  are  open  to  objection. 

Professor  Adams  establishes  his  annuity  on  the  depreciated  value, 
rather  than  on  the  cost,  or  the  reproduction  cost,  which,  in  the  speaker's 
opinion,  does  not  determine  the  proper  annuity  or  reasonable  fixed 
charges  to  be  deducted  from  net  income  befoi'e  net  surplus  is  estab- 
lished. Bonds  are  generally  sold  at  a  considerable  discount,  and 
represent  the  full  cost  plus  this  discount,  consequently,  the  interest 
on  bonds  or  fixed  charges  will  be  greater  than  an  annuity  established 
on  cost,  "reproduction  cost,"  or  "present  value."  Would  it  not  more 
nearly  establish  fixed  charges  or  annviity,  to  take  the  cost  plus  discount 
and  commissions  as  the  basis  on  which  to  apply  the  annuity  rate? 

While  Professor  Adams'  formula  establishes  a  larger  net  surplus 
for  capitalization  than  the  method  suggested  by  the  speaker,  he  in 
effect  destroys  this  net  surplus  by  charging  against  it  all  betterments 
chargeable  to  income.  It  is  quite  clear  that  this  gives  the  railroad 
company  a  chance  to  absorb  all  net  income  into  betterments,  and  thus 
wipe  out  all  net  income,  in  which  case  there  would  be  no  net  surplus 
to  capitalize,  consequently,  no  non-physical  or  franchise  value,  and  the 
total  value  established  under  this  plan  would  be  less  than  if  the 
property  had  not  been  improved  by  the  betterments — reductio  ad 
ahsurdum. 

In  reference  to  the  question  of  whether  or  not  the  method  of  valua- 
tion should  be  the  same,  regardless  of  the  purpose  to  which  the  value  is 
to  be  applied,  the  speaker  cannot  agree  with  the  author,  and  believes 
that  it  is  quite  consistent  to  establish  different  values  for  different 
purposes. 

The  completion  of  a  large  public  utility,  planned  on  such  a  scale 
as  to  provide  for  the  requirements  of  many  years  to  come,  utilizing 
but  part  of  its  capacity,  and  earning  less  than  its  operating  expenses 
and  fixed  charges,  with  its  rates  of  toll  fixed  by  law,  must  be  considered 
in  a  different  way  than  a  well-established  public  utility,  with  business 
forcing  it  to  its  utmost  capacity,  and  with  tolls  not  fijced  by  law. 
There  are  many  important  elements  bearing  on  this  consideration  of 
value,  and  the  purpose  of  the  valuation  should  be  known  before  attempt- 
ing to  establish  the  value. 

In  New  Jersey  the  work  is  complicated  further  by  the  necessity  of 
establishing  the  value  of  122  separate  railroad  corporations,  and  the 
assignment  of  all  property  outside  the  100-ft.  strip  to  each  of  thb 
450  taxing  districts  through  which  the  122  corporations,  with  their 
many  branches  and  spurs,  are  operating. 
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In  order  to  determine  the  quantities  and  materials  in  the  per-  Mr. 
manent  way  and  structures,  nine  engineer  corps  were  organized,  each  ^°*'® ' 
corp  consisting  of  six  men.  With  this  force  the  center  line  of  the 
main  running  track  was  measured,  and  the  exact  distance  in  each 
taxing  district  recorded.  Cross-sections  of  the  roadbed  were  made 
as  often  as  changes  in  the  natural  surface  required,  and  accurate 
measurements  and  notes  were  made  of  all  structures;  and,  although 
in  many  cases  the  engineers  were  able  to  secure  the  plans  of  the  more 
important  steel  structures,  the  field  parties  were  required  to  obtain 
.-sufficient  data  to  compute  the  tonnage  in  case  it  was  impossible  to  get 
those  plans. 

The  field  parties  were  also  instructed  to  note  the  character  of  the 
hind  and  improvements  adjoining  railroad  property,  and  record  such 
other  information  as  was  necessary  for  a  comprehensive  understanding  of 
the  conditions  attendant  on  the  construction  of  a  railroad  in  that  locality. 

The  time  allotted  for  the  completion  of  the  work  is  one  year,  and 
although  this  is  a  comparatively  short  period  in  which  to  introduce 
a  premium  system  in  field  work,  it  was  decided  to  inaugurate  such  a 
system  as  would  be  as  nearly  satisfactory  as  possible  under  the  condi- 
tions. A  record  of  each  field  force  for  each  day  in  each  month  was 
made  on  profile  paper,  using  the  horizontal  lines  to  represent  the 
number  of  tracks,  and  the  vertical  lines  to  represent  distance.  Two 
horizontal  lines  were  allowed  for  single  track,  four  for  double  track, 
and  so  on.  One  mile  was  allowed  for  each  vertical  division  of  the 
paper,  and,  in  awarding  the  premium,  there  was  taken  into  considera- 
tion, not  only  the  extent  of  territory  covered  by  each  field  party,  but 
much  consideration  was  given  to  the  field  notes,  and  a  cash  prize  was 
awarded  each  month. 

The  results  of  the  organization  and  encouragement  to  the  field 
parties  are  shown  by  the  very  great  increase  ii;  the  amount  of  work 
per  man  of  the  field  parties,  which  was  nearly  300%  during  the  time 
the  parties  were  in  the  field. 

A  great  many  questions  hinging  on  interstate  commerce,  and 
involving  Fundamental,  State,  Federal,  and  International  Law,  are 
embraced  in  the  broad  view  of  the  valuation  of  railroad  properties. 
The  movement  of  rolling  stock  through  various  States,  and  between 
the  United  States,  Canada,  and  ]\rexico,  and  the  determination  of  the 
situs  and  domicile  of  floating  equipment,  are  subjects  which,  not  only 
require  considerable  knowledge  of  railroad  operation,  but  involve  many 
questions  not  clearly  determined  by  the  Courts. 

The  subject  is  of  such  great  importance  that  steps  should  be  taken 
to  formulate  methods  of  procedure,  and,  at  the  Annual  Meeting  of  the 
Society,  the  speaker  will  offer  a  resolution  requesting  the  appointment 
of  a  Special  Committee  to  determine  the  proper  methods  to  be  used 
in  the  valuation  of  public  utilities. 
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Mr.  J.   Martin   Schreiber,   M.  Am.   Soc.   C.   E. — Engineers  and  those 

Schreiber.  ggj^gj.jji]y  interested  in  the  valuation  of  public  service  properties  are 
fortunate  in  having  the  valuable  information  embodied  in  this  paper. 
Although  there  are  some  points  on  which  the  speaker  differs  with  the 
author,  the  following  remarks  are  only  offered  in  order  to  bring  out, 
from  experience,  some  further  phases  of  the  subject,  rather  than  as  an 
attempt  to  criticize. 

A  great  deal  is  heard  about  the  exact  cost  of  reproduction,  also 
arguments  in  reference  to  the  proper  allowance  for  contingencies, 
probably  only  involving  a  small  percentage.  The  speaker  questions 
the  propriety  of  advocating  the  exact  cost  figures.  The  carefully 
checked  cost  figures  of  reliable  contractors,  with  first-class  engineering 
organizations,  submitting  proposals  on  the  same  construction,  are 
often  found  to  vary  from  5  to  15%  from  the  total  cost.  Different 
organizations  will  sometimes  be  the  cause  of  figures  varying  5%  or 
more,  depending  on  the  efficiency  and  experience  of  the  corps.  A  clever 
purchasing  agent  will  reduce  an  apparently  precise  estimate  on  equip- 
ment or  supplies  as  much  as  10% ;  on  the  other  hand,  the  condition 
of  the  market  may  be  such  that  the  actual  price  paid  exceeds  the 
estimate  by  the  same  percentage.  Engineers  who  are  responsible  for 
estimating  on,  and  the  execution  of,  construction  projects  generally 
add  more  than  30%  for  contingencies,  as  it  is  practically  impossible  to 
anticipate  them,  and  a  precise  estimate  is  almost  certain  to  fall  short. 
It  is  unfortunate  that  it  is  almost  impossible  to  sustain  contingency 
figures  on  the  witness  stand;  for  that  reason,  probably,  it  would  be  more 
satisfactory  to  the  lay  mind,  and  to  the  various  courts,  boards,  etc., 
which  are  required  to  pass  on  valuations,  and  do  not  thoroughly  under- 
stand the  technicalities  of  the  situation,  if  engineers  would  drop  the 
contingency  item  and  modify  the  quantities  or  the  unit  prices. 

If  it  is  possible  to  estimate  the  exact  cost  of  reproduction,  certainly 
considerable  variation  may  be  expected  from  independent  sources  in 
computing  depreciation  and  present  values.  Yet  there  are  reputable 
engineers  who  would  have  one  believe  (assuming  that  they  know  the 
cost  of  reproduction)  that  by  a  simple  field  inspection  they  are  able  to 
compute  the  exact  present  value. 

Some  time  ago,  the  speaker  heard  an  expert  testify  in  the  interest 
of  a  certain  city,  for  tax  purposes,  with  reference  to  the  value  of  a  piece 
of  street-railway  track.  He  first  stated  the  valuation  for  reproduction, 
and  then  the  definite  present  value.  The  latter  was  greatly  in  excess 
of  the  actual  value.  The  expert,  who  was  an  engineer  of  considerable 
standing,  on  cross-examination,  did  not  know  the  height  of  rail  from 
top  of  head  to  bottom  of  groove,  either  at  the  joint  or  any  other  part  in 
its  length ;  he  did  not  know  the  exact  depth  of  flange  of  the  ear  wheels 
which  operated  over  that  track,  the  headway,  or  the  exact  weight  of 
the  cars  used.    He  had  assumed  the  condition  of  the  ties,  and  that  the 
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track  was  ballasted.  Finally,  he  was  compelled  to  admit  that  his  Mr. 
dt'toriiiinatioii  of  the  depreciation,  by  simply  a  field  inspection,  was  a  S<-"h'"e»ber. 
very  rough  approximation.  Now,  it  is  not  in  every  case  in  the  past 
that  a  corporation  attorney,  even  with  engineering  assistance,  has  been 
able  to  point  out  imfair  testimony.  Many  times  the  speaker  has  heard 
incompetent  testimony  admitted,  on  the  general  principle  that  the 
witness  was  an  engineer  of  note,  even  though  his  record  had  been 
made  in  other  specialities.  Too  much  stress  cannot  be  put  on  this  phase 
of  the  subject,  and  the  speaker  is  glad  that  the  author  has  mentioned 
the  fact  that  the  personnel  of  those  doing  appraisal  work  should  be  of 
the  highest  order.  In  the  past  it  is  probable  that  the  failure  to  dis- 
criminate properly  in  accepting  incompetent  testimony  (not  to  mention 
prejudiced  testimony)  was  automatic,  and  this  is  the  most  important 
reason  for  much  of  the  hostility  of  officials  of  public  service  properties 
toward  all  forms  of  investigation,  as  the  author  mentions. 

Company  officials  know  that  they  are  often  compelled  to  employ 
and  train  specialists  to  furnish,  within  fairly  accurate  limits,  the  very 
information  which  is  being  sought,  and  naturally  they  are  skeptical 
abiiut  the  data  presented  by  those  who,  though  not  intimate  with  the 
property,  purport  to  give  exact  cost  figures.  Any  one  who  is  able  to 
point  out  a  consistent  method  whereby  these  exact  figures  may  be 
obtained  surely  will  obtain  credit  for  a  valuable  contribution  toward 
the  solution  of  the  complex  subject  of  valuation. 

Referring  to  the  valuation  of  the  property  of  the  Detroit  United 
Railroads,  mentioned  in  the  paper,  the  Director  of  Appraisals  for  the 
city  estimated  that  the  cost  of  the  complete  appraisal  of  the  property, 
which  includes  about  220  miles  of  single  track,  would  be  from  $3  000  to 
$4  000.  Approximately,  $25  000  has  already  been  spent,  not  including 
the  expense  sustained  by  the  company,  which  furnished  a  large  propor- 
tion of  the  information. 

Probably  correct  present  value  estimates  which  include  deprecia- 
tion may  not  be  even  fairly  approximated  without  intimate  knowledge 
of  the  particular  property,  and  this  should  embody  operation,  policy  of 
management,  past  performance,  study  of  historical  cost  (as  far  as  the 
records  will  permit),  estimated  cost  of  construction,  and  actual  cost  of 
maintenance.  The  life  of  a  piece  of  track  or  equipment,  disregarding 
obsolescence  and  extraordinaries,  generally  depends  on  the  type  and 
details  of  construction,  the  service  it  has  done,  and  the  service  that  will 
be  required  of  it.  Renewals  should  be  made  when  the  cost  of  repairs 
reaches  a  certain  figure,  other  conditions  being  favorable.  It  is  a  fact 
that  able  engineers,  intimately  acquainted  with  the  case  at  issue,  and 
employed  on  the  same  property,  often  have  conflicting  ideas  in  reference 
to  the  life  of  track  or  equipment,  one  recommending  immediate  renewal 
and  another  advocating  longer  operation. 

The  speaker  does  not  intend  to  argue  against  the  possibility  of 
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Mr.        placing  fairly  accurate  values  on  reproduction  or  present  value,  but 

o    eiber.    ^jgjjgg  ^q  bring  out  the  fact  that  it  is  not  as  simple  as  the  lay  mind 

is  often  led  to  believe.    Further  than  that,  he  is  of  the  opinion  that  the 

following  is  essential  for  economical  and  satisfactory  valuations  for  all 

concerned : 

(1)  There  should  be  co-operation  of  the  appraisers  with  the  public 
service  property  officials,  including  operators,  engineers,  and  their 
records. 

(2)  Present  values  should  be  determined  by : 

(a)   Cost  of  reproduction, 
(h)  Mortality  tables, 

(c)  Data  of  performance, 

(d)  Field  examination. 

(3)  The  organization  for  the  appraisal  work  should  be  of  sufficient 
scope,  and  should  be  allowed  the  time  and  funds  which  the  project 
reasonably  requires. 

(4)  The  appraisers  should  be  carefully  selected,  the  personnel 
including  men  who  have  had  wide  experience  in  the  particular  class 
of  operation;  and  specialists  should  be  obtained  if  necessary. 

Mr.  Eiggs  states  that  the  valuation  should  be  the  same,  regardless  of 
the  principles  at  issue.  It  seems  questionable  to  consider  the  fair  value 
which  involves  the  non-physical  value  in  costs  or  tax  regulations. 
Certainly,  in  the  case  of  street  railways  in  cities,  where  a  percentage 
is  levied  on  the  gross  receipts,  the  non-physical  valuation,  only  repre- 
senting present  value,  is  necessary.  Again,  a  physical  present  value  for 
taxation  should  not  include  the  value  of  paving  in  the  street  in  the 
strip  occupied  by  street-railway  tracks.  That  the  street-railway  com- 
pany often  pays  an  arbitrary  assessment  tax  and  keeps  the  paving  in 
repair,  though  it  is  in  no  way  responsible  for  the  wear,  should  be  suffi- 
cient to  offset  any  obligation  for  other  taxes.  In  some  States  this  is 
fixed  by  the  Courts.  The  physical  valuation,  however,  intended  to  be 
used  in  connection  with  rates,  cost,  or  capital  regulation,  should  include 
the  cost  of  paving  the  railway  strip.  Referring  further  to  the  question 
of  including  the  paving  in  the  physical  valuation  of  street  railways, 
in  the  case  of  a  decision  of  R.  W.  Tayler,  Arbitrator,  in  the  proceed- 
ings between  the  Cleveland  Electric  Railway  Company  and  the  City  of 
Cleveland,  on  a  basis  of  a  renewal  of  franchises,  Judge  Tayler  said : 

"Paving  represents  actual  money  expended.  It  belongs  to  capital 
account,  and  in  its  depreciated  form  is  worth  all  the  allowance  that  I 
have  given  it." 

Also  for  rate-making  and  the  capital  regulation  some  consideration 
is  certainly  due  to  obsolescence  and  change  of  art,  while  in  taxation 
they  should  not  be  included. 
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lu  conclusion,  the  speaker  is  optimistic  enough  to  believe  that  the  Mr. 
problem  of  physical  valuations  will  be  solved  satisfactorily  for  all  con- '  ^  '^^^  ^'^' 
ccrned.  Co-operation  of  officials  of  the  public  service  properties, 
reliable  testimony,  with  a  better  understanding  by  the  Courts,  will 
cortainly  tend  to  clarify  the  situation.  Non-physical  values  are  very 
difficult  to  determine,  and  their  intelligent  treatment  will  require  some 
well-defined  procedure.  Mr.  Riggs'  valuable  paper  will  go  a  great  way 
toward  producing  a  correct  idea  of  the  general  proportion,  and  will,  no 
doubt,  assist  in  the  formulation  of  proper  methods  for  valuation. 

Cllnton  S.  Burns,  M.  Am.  Soc.  C.  E.  (by  letter). — The  author  is  Mr. 
to  be  congratulated  on  the  detailed  care  shown  in  the  presentation  of 
this  subject.  Perhaps  few  engineers  who  have  not  been  called  on  to 
cope  with  the  subject  of  valuation  of  properties,  realize  or  appreciate 
the  real  complexity  of  the  many  varied  problems  encountered  in  work 
of  this  class.  To  those  who  are  engaged  directly  in  appraisement  work, 
this  paper  will  be  a  welcome  contribution  to  the  literature  on  the 
subject. 

The  author's  statement  that  if  a  commission  of  engineers  is  directed 
to  report  the  true  cost  of  reproduction,  depreciation,  or  present  value 
of  a  certain  property,  the  final  figures  should  not  differ,  whether  the 
report  is  to  be  used  as  a  basis  for  reorganization,  sale,  rate  purposes, 
or  taxation,  is  open  to  argument.  It  seems  proper  that,  if  a  property 
is  appraised  in  order  to  fix  a  selling  price  to  a  Government  or  mimic- 
ipality  exercising  its  right  to  purchase,  the  final  figures  should  be 
based  on  current  prices  of  labor  and  material,  because  this  does  no 
injustice  to  either  party.  It  is  evident  that  if  the  seller  secures  pay- 
ment for  his  property  based  on  current  prices,  he  may,  if  he  desires, 
reinvest  the  proceeds  of  the  sale  in  similar  enterprises  at  current 
prices,  so  that  thereby  he  secures  the  same  benefits,  whether  prices  are 
high  or  low. 

It  is  equally  evident  that  if  the  purchaser  (the  municipality) 
chooses  to  purchase  the  property,  the  right  to  purchase  must  be 
exercised  at  the  particular  time  permitted  by  the  franchise.  If  prices 
chance  to  be  abnormally  high  at  that  time,  the  municipality  is  exactly 
on  a  par  with  what  it  would  be  if  compelled  to  build  its  own  plant 
at  that  particular  time;  while,  if  prices  be  abnormally  low,  the  same 
relative  situation  still  exists.  There  seems,  therefore,  to  be  no  possible 
injustice  to  either  party  in  using  current  prices,  when  the  object  is  a 
sale  or  transfer  of  the  property.  However,  in  determining  a  proper 
value  as  a  basis  of  rates,  another  factor  must  be  considered.  It  is 
inexpedient  and  against  public  policy  to  make  frequent  changes  in  the 
rate  charged  for  such  commodities  as  water,  gas,  or  electric  current. 
Theoretically,  the  rate  could  be  fixed  each  year,  based  on  an  annual 
valuation  of  the  property,  thus  permitting  a  high  rate  one  year  and 
perhaps  an  abnormally  low  rate  another  year;  but,  practically,  this 
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Mr.  is  impossible,  for,  aside  from  the  inconvenience  of  such  a  cumbersome 
^^^'  system,  no  community  is  well  enough  informed  as  individuals  to  com- 
prehend any  reason  whatever  for  ever  raising  rates.  Raising  rates  is 
invariably  accompanied  by  a  wave  of  indignation.  However,  it  is 
apparent  that  a  series  of  rates  based  on  an  annual  current  price  valua- 
tion of  the  property  would  average  exactly  the  same,  during  a  term 
of  years,  as  though  the  property  .were  valued  once  for  all  on  the  basis 
of  the  average  prices  of  labor  and  material  for  the  same  term  of 
years,  and  the  rate  based  on  the  one  valuation  thus  determined. 

If  the  object  of  the  valuation  is  to  aiford  data  for  taxation,  the 
same  argument  applies  as  in  a  case  of  fixing  rates.  It  thus  seems 
proper  that  the  object  of  the  appraisement  should  be  taken  into  con- 
sideration before  it  is  determined  whether  to  use  average  prices,  or 
current  prices,  of  material  and  labor;  and,  if  this  is  correct  logic,  the 
final  figures  must  differ  according  to  the  object  in  view;  but,  having 
determined  the  proper  unit  prices  to  be  used  throughout  any  appraise- 
ment as  being  the  most  equitable  for  the  object  in  view,  then,  as  the 
author  well  says,  the  appraiser  must  not  allow  personal  prejudices  or. 
fancied  conditions  to  influence  his  course.  Above  all,  an  appraiser 
must  not  be  afraid  of  his  client.  He  must  not  allow  his  personal 
judgment  to  be  swerved  by  the  latter's  desires.  It  perhaps  seldom  if 
ever  occurs  that  an  appraiser,  representing  a  municipality,  or  State, 
is  subjected  to  this  unconscious  influence,  inasmuch  as  his  employer 
is  merely  a  temporary  public  ofiicial,  and  consequently  he  has  no 
client  to  fear.  He  goes  into  the  work  with  a  full  knowledge  that  his 
employer  knows  little  or  nothing  of  the  subject,  and  his  only  desire 
is  to  reach  results  which  will  be  unquestionably  fair  to  both  parties. 

On  the  other  hand,  the  appraiser  who  is  chosen  by  the  owner  of  a 
plant  takes  hold  of  the  work  with  a  feeling  that  he  is  expected  to 
report  a  value  as  favorable  as  possible  to  his  client,  and  this  feeling 
is  reflected  in  the  report,  regardless  of  how  sincerely  or  conscientiously 
he  tries  to  avoid  it. 

One  of  the  most  intricate  and  yet  interesting  problems  in  appraise- 
ment work  is  the  computation  of  the  "going  value,"  or  "business  value" 
which  should  be  allowed  in  addition  to  the  physical  value. 

In  considering  a  competitive  enterprise,  such  as  a  railway  serving  a 
community  in  competition  with  another  independent  railway,  this 
problem  must  be  treated  in  a  different  way  than  in  a  non-competitive 
business,  such  as  a  water-works,  gasworks,  electric  plant,  street 
railway,  or  similar  enterprise  operating  under  the  protection  of  an 
exclusive  franchise,  or  under  natural  conditions  equivalent  to  an 
exclusive  privilege. 

In  considering  competitive  enterprises,  it  is  manifest  that  a  railway 
operating  under  conditions  more  advantageous  than  its  competitor 
possesses  an  intangible  value  equal  to  the  measure  of  that  advantage. 
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It  is  nut  clear,  however,  whether  it  is  more  proper  to  say  that  the  jyij.. 
railway  possessing  the  advantage  has  a  positive  going  value,  or  whether  Burns, 
the  less  fortunate  one  has  a  negative  going  value.  Using  the  rule 
formulated  by  the  author,  being  that  of  Professor  Adams,  with  some 
iiiodiHfations,  it  is  evident  that  many  properties  would  show  negative 
f,'((iiig  values;  but,  as  ijointod  out  by  the  author,  the  Courts  hold  that 
piii)lic'  service  corporations  are  entitled  to  earn: 

(«)   Operating   expenses; 

{!))  Expenses  of  maintenance  and  running  repair; 

(c)  Taxes; 

{(I)  A  sinking  fund  to  cover  depreciation  and  obsolescence; 

(e)  A  reasonable  profit  on  the  fair  value  of  the  property. 

It  is  improbable  that  a  reasonable  profit  on  the  fair  value  of  the 
property  could  be  construed  to  mean  less  than  the  interest  or  revenue 
from  a  like  amount  of  Government  bonds  or  other  non-taxable 
securities. 

This  ruling  of  the  Courts  fixes  the  rates  at  such  a  figure  as  to 
preclude  the  possibility  of  a  deficit;  from  which  it  must  follow  that  a 
negative  going  value  cannot  be  created  by  a  compulsory  reduction  in 
rates,  for  such  action  would  be  confiscation  of  property  to  the  extent 
of  the  negative  intangible  value  thus  created;  that  is  to  say,  if  the 
Courts  are  right  in  the  above  ruling,  then  all  intangible  or  going  values 
are  positive,  and  must  be  determined  by  using  the  most  unfavorably 
situated  railway  as  the  basis  of  computation  in  determining  the  ques- 
tion of  reasonableness  of  rates;  and  the  rates  in  turn  must  be  reason- 
able and  proper  before  they  can  be  applied  to  determine  the  intangible 
value.  This  raises  an  interesting  and  far-reaching  query.  Assume 
that  a  negative  going  value  is  the  result  of  real  competition  between 
two  roads  such  that  the  "fair  value"  of  the  less  fortunate  competitor 
is  20%  less  than  its  physical  value. 

If  rates  are  based  on  this  valuation,  are  they  really  fair  rates? 
For,  suppose  the  rates  had  always  been  maintained  at  a  point  where 
the  less  fortunate  road  could  just  support  its  physical  valuation. 
Clearly,  no  rate  could  then  be  enforced  which  would  compel  it  to 
operate  for  less  than  a  reasonable  profit  on  the  fair  value  of  its 
property,  and  the  fair  value  under  this  assumption  is  25%  greater 
than  before,  due  to  no  effort  of  its  own,  but  simply  to  the  fact  that 
its  competitor  has  not  cut  rates,  and  has  thereby  preserved  the  original 
"fair  value"  of  the  less  fortunate  road,  and  at  the  same  time  increased 
its  own  positive  going  value  by  an  equal  amount. 

In  view  of  this  analysis  it  is  doubtful  if  it  is  ever  jjroper  to  con- 
sider the  existence  of  negative  intangible  values,  although  it  is  true 
that  the  commercial  value  does  fluctuate,  and  may  be  less  than  the 
physical  value,  due  to  rates  which  are  too  low,  perhaps,  or  due  to  other 
temporary'  causes. 
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Mr.  The  method  quoted  from  Mr.  Alvord  for  determining  going  value 

"'"^'  applies  to  non-competitive  enterprises  only,  as  was  stated  by  Mr.  Alvord 
in  his  paper  before  the  American  Water-Works  Association.  This 
method  is  open  to  the  criticism  that  the  forecast  of  the  business  of  the 
older  works,  and  of  the  new  hypothetical  works  as  well,  is  reduced  to 
a  monetary  value,  based  on  the  present  rates,  regardless  of  whether  or 
not  such  rates  are  reasonable.  Rates  are  subject  to  legislative  control 
in  many  States,  and  there  is  absolutely  no  assurance  that  any  other 
State  may  not  adopt  legislation  at  any  time  permitting  regulatory 
ordinances  to  be  enforced.  Therefore,  any  forecast  of  the  value  of 
future  business  must  be  based  on  reasonable  rates,  for  otherwise  it  is 
merely  an  unwarranted  estimate  based  on  a  fond  hope. 

Taking  into  consideration  the  fact  that  rates  must  be  reasonable, 
either  by  virtue  of  present  laws  or  laws  which  may  become  effective 
at  any  time,  perhaps  in  the  immediate  future,  going  value  may  well 
be  defined  as  the  present  worth  of  the  amount  by  which  the  anticipated 
profits  of  a  going  plant,  operating  at  reasonable  rates,  exceed  the 
present  worth  of  the  anticipated  profits  of  a  similar  hypothetical  start- 
ing plant,  operating  at  those  same  rates.  With  this  conception  of 
going  value,  it  is  impossible  for  a  non-competitive  property  to  have  a 
negative  going  value,  and  every  operating  plant  has  a  positive  going 
value,  even  though  operating  at  a  loss. 

The  whole  problem  hinges  on  the  question  of  "what  is  the  reason- 
able rate  or  proper  return,"  and  this  should  be  determined  in  the 
aggregate  as  the  starting  point.  The  Courts  have  persistently  dodged 
the  issue,  and  properly  so,  whenever  that  question  has  arisen,  leaving 
it  for  consideration  in  each  particular  case,  depending  on  the  stability 
of  the  business,  the  hazard  involved,  and  various  other  local  factors. 

It  may  safely  be  conceded  that  this  fair  profit  is  something  in  excess 
of  the  return  from  Government  bonds,  and  for  the  purpose  of  this 
discussion  it  matters  not  what  figure  is  assumed  as  the  fair  profit — 
whether  5,  6,  or  10%,  or  what-not — the  theory  is  the  same  in  any  case. 
This  is  perhaps  best  explained  by  a  practical  illustration : 

Take,    for    example,    a    water-works    system,    the    physical    present 

value  of  which  has  been  determined  by  the  method  of  reproduction  to 

be  $1  000  000,  and  denote  the  going  value  by  the  unknown  quantity,  x; 

suppose,   further,   that   6%   is   considered   a   reasonable  return   on   the 

"fair  value"— not  yet  determined,  the  "fair  value"  being  $1000  000 

plus  the  going  value,  x.     Therefore,  the  rates  must  be  such   as  to 

produce  in  the  aggregate  an  amount  equal  to  the  operating  expenses, 

maintenance,  taxes,  sinking  fund,  and  depreciation,  and  still  have  a 

profit  of  6%  on  the  fair  value  of  the  property.     The  anticipated  profits 

of  the  going  plant,  therefore,  are  exactly  6%  of  ($1  000  000  -\-  x)  = 

6  X 
$00  000  H per  annum.     The  anticipated  profits  of  the  hypothetical 


Papers.]      DISCUSSION  :  VALUATION   01'  PUBLIC  SERVICE  PROPERTY      261 
starting  plant   will  be   negative   at   the  start,   and  gradually   increase,     Mr. 

6  X  Burns. 

finally  reaching  a  maximum  of  i^GO  000  +  ■  per  annum. 

Jt  must  be  remembered  that,  in  estimating  the  operating  expense 
and  income  of  the  starting  plant,  as  well  as  the  going  plant,  the  figures 
must  be  confined  rigidly  to  the  plant  as  it  is  found  at  the  date  of 
valuation,  and  in  no  case  should  any  account  be  taken  of  income  or 
operating  expenses  due  to  probable  future  extensions  of  the  distribu- 
tion system.  Many  appraisers  overlook  this  point,  and  predicate  the 
anticipated  profits  of  the  going  plant  on  the  past  growth  of  the  income 
account,  forgetting  that  a  considerable  portion  of  this  growth  is  due 
to  extensions  into  new  territory,  and  not  to  any  material  increase  in 
revenue  from  the  territory  already  served.  To  include  income  from 
new  territorj'  in  the  forecast  of  income  is  just  as  fatal  an  error  as  to 
include  the  anticipated  expenditure  of  new  capital  in  the  present 
physical  valuation.  Either  of  these  procedures  is  really  an  estimate  or 
appraisement  of  some  other  plant,  rather  than  the  one  actually  under 
consideration. 

To  complete  the  numerical  illustration,  suppose  it  is  determined 
that  the  time  required  to  construct  the  hypothetical  starting  plant  is 
3  years;  that  a  portion  of  the  plant  is  put  into  operation  at  the  end 
of  the  second  year,  taking  over  fire-hydrant  rental  equivalent  to  $20  000; 
that  the  revenue  from  private  sources  aggregates  $20  000  during  the 
last  year  of  construction;  that  the  expenses  of  operation,  maintenance, 
taxes,  and  depreciation  amount  to  $30  000  during  this  year.  After  the 
time  of  completion  of  the  plant  has  elapsed,  it  has  the  total  credit  for 
fire-hydrant  rental,  and  it  is  assumed  that  the  revenue  from  private 
sources  and  the  cost  of  operation,  maintenance,  taxes,  and  depreciation 
increase  as  shown  in  Table  14,  which  illustrates  the  method  of  com- 
puting the  going  value,  and  gives  the  resulting  value  for  the  case  just 
stated. 

Therefore,  171005  -f  0.2597  a;  =  x;  hence,  x  =  $231000.  This 
result  is  based  on  the  assumption  that  the  starting  plant  earned  no 
interest  during  the  construction  period.  If  an  allowance  for  lost 
interest  during  construction  has  been  made  and  added  to  the  capital 
account  already  being  included  in  the  physical  appraisement  of 
$1 000  000,  then  this  must  be  charged  back  against  the  going  value 
found  above.  This  is  clearly  evident,  because  the  calculations  to 
determine  going  value  date  from  the  beginning  of  the  construction 
period,  and  the  lost  interest  during  construction,  therefore,  is  provided 
for  in  the  result.  Most  appraisers  allow  an  item  for  lost  interest 
amounting  to  the  legal  rate  of  interest  running  for  half  the  construc- 
tion period,  which,  in  the  illustration  under  discussion,  would  be 
$90  000;  deducting  this  sum,  if  previously  included,  gives  $141000  as 
the  going  value. 
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Mr. 
Burns. 


^< 


+ 


Business  devel- 

Construction 

^s 

opment  period. 

period. 

O  B  ?>■ 

K-'^B 

CO 

a. 

g 

E 

o  oaq 
o  o 

BB 

m 

05 
O 

§ 

g 

g 

8 

^"^r 

o 

+ 

o 

2.0  tc 

+ 

o 
o 

+ 

+ 

+ 

8 
+ 

-as 

o 

o 

o 

p 

o 

o 

p  ">§ 

g 

8 

s 

g 

b 

b 

5?| 

H 

H 

s 

^ 

^ 

^ 

•   <s 

S-    r. 

55        ff  ^ 

■^  O  B  tC 

o 

o 

o 

1 

o 

o 

15  '^  ^1 

s 

o 
o 

g 

g 

■o  °'so  £ 

o 

o 

— •<  WB 

B     S^ 

B     a 

to 

o 

P  i-i  . 

^  2  O 

g 

00 

Ol 

JO 

+ 

o 
o 

o 

o 

p 

o 

8 

g 

*o  fC  ?♦ 

o 

p  O  o' 

P' 

a  i-h 

« 

ct- 

If  the  physical  valuation  contains 

B'b 

an  item  for  lost  interest  during 

"Ew  2 

construction,  the  same  amount 
must  be  credited  to  the  starting 

gp» 

plant  as  interest  earned. 

5' 2 

(T?  B 

S-dgg 

^3hpO 

w 

Sa^B^ 

»i 

Oi 

at 

M 

B  a:  -•    <^  ^ 

o 

w 

o 

O 

o 

o 

-d  g  B  g  g: 

o 

o 

§ 

g 

8 

o 

o 

^B  — B  O 
SOO-O  B 
S  B  cp  ft> 

^ 

T3       o 

01 

o> 

o 

o 

o 

2"^  gS; 

o 

+ 

+ 

+ 

+ 

+ 

Sag-« 

p  O^  B  jD 

o 
b 

o 
b 

p 

b 

p 

p 

5  M-.  P  o  £- 

m 

OJ 

05 

^i 

»^ 

H 

'^ 

^ 

3 

rC 

WsOl 

-;! 

-J 

00 

00 

to 

5D 

p  CD 

o  a 

>(^ 

CD 

lO 

ro 

o 

m 

-J 

*t^ 

OS 

0^ 

M 

to 

2^ 

•    O 

€» 

CO 

10 

CO 

CO 

m 

tit 

2.  o  p  .»  5 

+ 

+ 

-\- 

i 
+ 

i 
+ 

o 

o 

o 

p 

p 

E 

-^ 

■g 

8 

i 

b 

2; 

? 

f 

i 

?r 

S' 

(D  p.7;  p. 

o 
o 

hi 

o 

O 

o 

!zi 

O 
O 

o 
^ 
t> 

d 

o 
o 

!z| 

td 
ts 
>* 

CO 

O 
^ 

H 
P* 


Papers.]      discussion:  VALUATION   OF  PUBLIC  SERVICP:  rUOPHRTY      263 

There  seems  to  be  no  good  reason  for  allowing  lust  interest  during     Mr. 
construction  as  an  item  in  the  physical  valuation  of  a  property,  any      "*^' 
more  than  for  allowing  all  of  the  lost  interest,  up  to  the  time  when 
the  property  begins  to  yield  a  return  equal  to  the  rate  of  interest.     It 
is  one  of  the  problems  in  finance,  and  is  much  better  treated  as  an 
element  in  the  going  value,  as  shown  in  the  above  illustration. 

One  of  the  most  difficult  factors  on  which  to  agree  in  computa- 
tions of  this  nature  is  the  element  of  time  required  for  the  hypothetical 
starting  plant  to  acquire  the  business.  Were  it  not  for  this  un- 
certainty, going  value  could  be  computed  with  mathematical  precision 
by  the  method  suggested. 

In  determining  the  physical  valuation  on  the  basis  of  cost  of  repro- 
duction, such  items  as  cost  of  taking  up  and  replacing  street  paving 
over  the  pipe  lines,  cost  incurred  by  reason  of  sewers  and  drains 
encountered,  interference  due  to  electric  wires  and  conduits,  inter- 
ference of  traffic,  and  other  metropolitan  conditions  which  add  greatly 
to  the  cost  of  construction,  must  be  allowed.  Wherever  such  metropoli- 
tan conditions  exist,  there  must  also  be  present  a  corresponding  neces- 
sity for  the  use  of  water  under  pressure.  People  use  water  because  of 
necessity  or  convenience,  and  not  on  account  of  any  feeling  of  obliga- 
tion or  loyalty  to  the  water  company. 

If  highly  developed  metropolitan  conditions  are  present,  new  busi- 
ness will  be  acquired  in  the  hypothetical  starting  plant  much  more 
rapidly  than  where  such  conditions  are  yet  to  be  developed.  For  this 
reason  the  problem  cannot  be  based  on  the  early  growth  of  the  same 
plant,  and,  there  being  no  exact  duplicate  of  conditions  in  existence 
elsewhere,  the  estimate  of  time  required  for  the  business  development 
period  is  purely  speculative,  and  must  be  assumed  with  great  care  and 
judgment,  else  injustice  may  be  done  to  one  party  or  the  other  in  the 
resulting  going  value. 

It  is  interesting  to  note  that,  in  the  Michigan  appraisal,  the  allow- 
ance of  a  percentage  for  contingencies  was  bitterly  contested  by  the 
railroads  as  improper.  Probably  every  appraiser  who  has  been  con- 
nected with  rate  cases  has  seen  this  same  item  strenuously  insisted  on 
by  the  corporations. 

The  author's  query:  should  a  corporation  which  is  compelled  to 
abandon  appliances  while  yet  serviceable,  in  response  to  public  clamor, 
be  allowed  any  item  of  value  in  the  appraisal  on  account  of  such 
appliances,  seems  to  be  best  answered  in  the  negative.  If  the  appraisal 
is  for  the  basis  of  making  rates,  the  corporation  is  fully  compensated 
by  the  fact  that  its  depreciation  account  provides  for  all  abandoned 
machinery,  and  the  average  past  depreciation  is  usually  considered  a 
fair  criterion  of  the  future.  If  the  appraisal  is  for  purposes  of  taxa- 
tion, it  would  seem  improper  to  levy  tax  on  abandoned  or  rejected 
machinery  or  equipment.     If  the  appraisal  is  to  determine  the  present 
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Mr.    value   of   a  property  for  sale  under   condemnation  proceedings,   it  is 

Burns,  lijjg^ise  difficult  to  conceive  any  reason  for  allowing  any  present  value 

on  account  of  property  abandoned  or  rejected,   and,  indeed,  if  such 

abandoned  material  had  any  value  at  the  time  of  its  removal,   it  is 

more  than  likely  that  such  value  vpas  converted  into  cash  at  that  time. 

The  statement  that  no  appraiser  would  be  justified  in  placing  a 
going  concern  value  on  a  property  3  years  old,  or  10  years  old,  unless 
the  net  earnings  were  such  as  to  indicate  that  the  property  had  a  com- 
mercial value  in  excess  of  the  physical  property,  is  questionable.  "Com- 
mercial value"  is  not  exactly  synonymous  with  "going  concern  value," 
for,  as  usually  considered,  the  term  "going  concern  value"  represents  the 
difference  between  a  dead  structure  and  a  live  one.  A  property  might 
be  compelled  to  operate  temporarily  at  rates  insufficient  to  return  the 
legal  rate  of  interest  on  the  physical  value  of  the  property,  and  while 
this  condition  continued,  its  commercial  value  would  be  less  than  its 
physical  value,  and  yet  this  same  property  is  worth  more  while  running 
than  if  operation  ceased  and  the  business  was  allowed  to  die. 
Mr.  Halbert  p.  Gillette,  M.  Am.  Soc.  C.  E.  (by  letter). — In  common 

Gillette,  ^ith  others  who  have  written  on  the  subject  of  appraisals,  the  author 
omits  consideration  of  one  of  the  most  important  elements  of  the  cost 
of  producing  the  property  of  a  public  service  corporation,  namely,  the 
development  expense. 

Development  expense  is  the  deficit  in  "fair  return"  on  the  invest- 
ment during  the  early  years  of  operation,  while  the  business  is  being 
developed  to  a  point  that  will  yield  a  "fair  return"  on  the  investment. 
Unless  this  development  expense  is  charged  to  the  capital  account  as 
fast  as  it  occurs  each  year,  it  should  draw  compound  interest  up  to 
the  end  of  the  development  period.  Development  expense  might  be 
regarded  as  a  part  of  the  non-physical  value  of  a  plant,  and  a  few 
years  ago  the  writer  so  regarded  it.  Latterly,  however,  he  has  come  to 
see  that  it  does  not  differ  one  iota  in  principle  from  "interest  during 
construction,"  and,  therefore,  is  properly  a  part  of  the  cost  of  produc- 
tion or  of  reproduction  of  the  property.  During  the  construction 
period,  interest  on  the  investment  is  charged,  and  properly  so,  as  a 
part  of  the  physical  cost.  Does  this  interest  cease  the  day  after  opera- 
tion begins?  Not  a  whit.  The  owners  of  the  property  are  entitled 
to  a  fair  interest — a  "fair  return" — on  their  money,  from  the  day  it  is 
invested.  At  first  they  receive  it  in  the  form  of  "interest  during  con- 
struction," which  is  charged  to  capital  account.  After  operation  begins 
they  must  either  be  allowed  to  earn  more  than  a  "fair  return"  during 
the  fat  years  following  the  development  period,  or  the  deficit  below  a 
fair  return  incurred  during  the  development  period  must  be  treated 
exactly  like  "interest  during  construction"  and  added  to  the  capital 
account.  If  public  service  corporation  managers  have  chosen  the  first 
of  these  two  methods,  it  does  not  relieve  the  appraiser  of  the  duty  of 
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adopting   the   second   method;   for  the   object   of   appraisals   for   rate-      Mr. 
making  purposes  is  to  limit  capital  to  a  "fair  return"  on  the  invest- 
ment.    In  brief,  if  there  are  to  be  no  "fat  years,"  then  every  "lean 
year"  must  be  credited  with  its  deficit  as  fast  as  it  occurs. 

This,  the  writer  concedes,  is  a  radical  departure  from  such  pre- 
cedent as  already  exists,  but  we  must  not  overlook  the  fact  that  we  of 
to-day  are  establishing  the  precedents  for  appraisals  in  the  future.  The 
whole  matter  of  valuations  for  rate-making  purposes  is  still  in  a 
nebulous  form,  as  far  as  the  public,  and  indeed,  as  far  as  the  Courts, 
are  concerned.  In  the  end  it  will  devolve  upon  engineers  to  establish 
logical  methods  of  appraisal.  To  do  so,  they  must  be  able  to  look  on 
the  problem  both  as  engineers  and  as  jurists.  Up  to  the  present,  how- 
ever, this  broadness  of  vision  has  not  characterized  most  engineering 
appraisers,  nor  is  it  to  be  wondered  at  when  the  Courts  themselves  are 
in  a  maze. 

A  great  deal  has  been  heard  lately  about  "going  concern  value." 
Ultimatelj',  the  Courts  will  hold  that,  as  far  as  rate-making  is  con- 
cerned, there  is  no  such  thing  as  "going  concern  value"  in  the  present 
meaning  of  the  term.  "Going  concern  value,"  in  the  final  analysis, 
consists  of  two  elements:  First,  development  expense  (as  previously 
defined),  and,  second,  capitalized  surplus  earnings.  Surplus  earnings 
are  ascertained  by  deducting  from  net  earnings  both  taxes  and  a  low 
rate  of  interest  on  the  investment,  equivalent  to  interest  on  bonds. 
Many  factors  may  affect  surplus  earnings;  but,  that  "going  concern 
value"  consists  largely  of  capitalized  surplus  earnings,  cannot  be  denied. 
What  are  surplus  earnings?  The  public  replies  that  they  are  mainly  the 
result  of  extortionate  charges.  This  is  doubtless  correct  in  many  cases; 
hence,  any  investigation  of  costs  which  has  for  its  object  rate-making 
must  inevitably  lead  to  repudiation  of  that  part  of  "going  concern 
value"  which  is  based  on  surplus  earnings,  if  the  surplus  is  at  all  large. 
In  a  word,  we  reason  in  a  circle  if  we  capitalize  surplus  earnings, 
calling  the  result  "going  concern  value,"  and  then  undertake  to  use 
"going  concern  value"  as  one  of  the  factors  in  judging  the  fairness  of 
rates.  To  express  the  problem  mathematically,  we  cannot  solve  for 
a  variable  when  the  variable  is  allowed  to  exist  on  both  sides  of  the 
equation.  Yet  that  is  precisely  what  some  rate-making  bodies  are 
trying  to  do,  and  it  is  precisely  what  the  Courts  have  often  attempted 
to  do. 

To  escape  this  confusion  there  is  but  one  possible  step,  and  that  is 
to  eliminate  "going  concern  value"  entirely.  We  must  first  determine 
the  element  of  cost  which  the  writer  terms  development  expense,  and 
we  must  regard  this  item  as  a  part  of  the  cost  of  reproduction.  We 
must  next  cease  to  consider  small  rates  of  interest  as  being  a  "fair 
return"  on  this  cost  of  reproduction.  When  first-class  mortgages  draw 
5%,  it  is  folly  to  talk  of  6%  as  being  a  "fair  return"  on  capital  invested 
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Mr.      ill  a  business  enterprise,  especially  when  this  6%  is  figured  on  the  actual 
GUlette.  gQg^  q£  reproduction  of  the  property.     It  may  be  that  7%  is  an  ample 
"fair  return"  in  some  cases,  but  in  others  10%  will  be  found  none  too 
much,  considering  the  small  size  of  the  business  and  the  risks  involved. 

The  writer  will  not  at  this  time  discuss  methods  of  determining 
how  a  "fair  return"  should  be  estimated,  but,  in  general,  the  process 
should  be  as  follows:  From  the  gross  earnings  deduct  the  operating 
expenses  and  taxes  to  obtain  the  net  earnings.  From  the  net  earnings 
deduct  a  small  rate  of  interest  (equivalent  to  interest  on  bonds)  on 
the  cost  of  reproduction.  The  remainder  is  profit,  and  should  be  ex- 
pressed as  a  percentage  of  the  gross  earnings.  This  percentage  of 
profit  can  then  be  compared  with  similar  percentages  made  by  mer- 
chants, manufacturers,  farmers,  and  other  capitalists,  and  then  it  can 
be  determined  logically  by  comparison  whether  or  not  the  profit  made 
by  a  public  service  corporation  is  "fair."  We  must  adopt  this  method 
of  attacking  the  problem  or  we  shall  inevitably  drive  capital  away 
from  railway  and  other  fields  of  public  enterprise. 

The  writer  estimates  roughly  that  a  profit  of  10%  on  gross  earn- 
ings, as  above  deduced,  is  about  the  same  as  a  direct  return  of  7%  on 
the  cost  of  reproducing  the  average  steam  railway. 

In  a  recent  appraisal  of  a  street-railway  system,  the  writer 
determined  the  actual  development  expense  of  the  property,  deducing 
it  from  the  accounting  records.  It  was  an  astonishingly  high  sum, 
even  assuming  only  7%  on  the  cost  of  reproduction  as  being  a  "fair 
return."  During  his  appraisal  of  all  the  railways  in  the  State  of 
Washington,  for  the  Eailroad  Commission,  the  writer  made  a  similar 
study  of  development  expense,  but  this  was  not  included  in  his  estimate 
of  the  cost  of  reproduction,  as  it  was  then  regarded  as  being  a  part 
of  the  "going  concern  value"  and  he  was  not  commissioned  to  ascertain 
the  "going  concern"  value  of  the  railways.  Not  a  single  railway,  as 
far  as  he  knows,  has  ever  presented  to  a  State  Eailway  Commission, 
or  to  the  Interstate  Commerce  Commission,  an  estimate  of  its  develop- 
ment expense  along  the  lines  indicated.  Instead,  the  railway  companies 
have  talked  in  general  terms  of  long  construction  periods — often  claim- 
ing 20  years  or  more — and  of  great  expense  incurred  in  building  up 
the  business,  and  of  franchise  value,  and  of  a  score  or-  more  of  non- 
provable  costs.  The  consequence  is  that  they  have  frequently  lost 
entirely  the  one  great  item  that  they  are  clearly  entitled  to,  namely 
development  expense,  which  is  an  item  which  can  be  absolutely  proved 
from  their  accounting  records,  and,  therefore,  rests  not  on  the  "hot 
air"  testimony  of  experts,  but  on  facts  that  are  incontrovertible.  In 
like  manner,  other  public  service  corporations  have  often  signally  failed 
to  prove  the  full  worth  of  their  properties,  because  their  claims  for 
"going  concern  value"  have  been  ignored  entirely.  When  a  franchise 
expires,  the  "going  concern  value"  is  usually  looked  on  by  the  public 
as  worthless,  nor  is  this  view  to  be  wondered  at. 
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Mr.  Ilijigs  i)roi)osL'8  ackliiif^  to  the  physical  vahie  a  iiiimis  "goinfj^  Mr. 
coiiciMii  value,"  and  he  is  logical  in  doing  so,  if  it  is  conceded  that  ^'  ®"®" 
values  for  rate-making  rest  on  profits;  but  this  the  writer  does  not 
concede  for  an  instant.  Values  for  rate-making  cannot  rest  on  the 
very  thing  that  it  is  aimed  to  regulate,  to  wit,  the  rates  charged. 
Until  engineers  and  public  service  commissions  and  Courts  free  them- 
selves from  this  confusion  of  cause  and  efifect,  there  can  be  no  rational 
theory  of  rate-making. 

Values  for  rate-making  must  rest  primarily  either  on  the  actual 
costs  of  the  production  of  a  property  or  on  estimated  costs  of  reproduc- 
tion, including  therein  both  interest  charges  during  construction  and 
the  sequel  thereto — development  expense. 

Of  almost  as  great  moment  as  the  item  of  development  expense  is  the 
question  of  depreciation.  The  author,  in  common  with  most  engineers, 
holds  that  depreciation  should  be  deducted.  This  is  a  consequence  of  re- 
garding a  i)ublic  ser\'ice  plant  as  if  it  were  a  machine  bought  in  a  sec- 
ond-hand store.  A  public  service  plant  is  a  device  which  is  intended  to 
perfnrm  a  given  service  forever.  It  is  triie  that  its  parts  are  subject  to 
weai'.  and  must  be  renewed  from  time  to  time;  but  the  plant  as  a  whole 
is  everlasting,  or  practically  so.  Managers  of  public  service  corporations, 
perceiving  this  fundamental  truth,  have  rarely  established  sinking  funds 
for  the  redemption  of  any  considerable  part  of  the  plant.  In  a  great  rail- 
way system  the  renewal  of  a  freight  car  is  not  a  proportionately  larger 
item  of  expense  than  is  the  renewal  of  a  tooth  in  a  steam  shovel 
bucket  owned  by  a  contractor.  This  fact,  coupled  with  the  permanence 
of  the  railway  plant  as  a  whole,  has  led  railway  owners  to  make  no 
provision  for  a  return  of  the  money  lost  in  depreciation.  Railway 
ties  in  a  large  railway  system  inevitably  reach  a  condition  such  that 
their  average  age  is  exactly  half  the  life  of  the  average  tie.  Shall 
a  sinking  fund  be  provided  for  ties?  If  not,  where  does  logic  place  a 
line  of  demarcation?  When  does  an  element  of  the  railway  plant 
attain  a  condition  of  sufficient  importance  to  warrant  "writing  off" 
some  of  its  value  from  the  capital  account  ?  The  facts  are  that  railway 
managers  have  not  "written  off"  anything  worthy  of  mention  for 
depreciation,  and,  in  the  writer's  opinion,  they  have  been  perfectly 
In^icid.  Consecpiently,  the  operating  expenses  have  been  much  less 
than  they  would  have  been  during  the  early  years,  had  a  sum  been 
placed  annually  in  a  sinking  fund.  Tlierefore,  the  development  expense, 
as  deduced  from  the  accounting  records,  is  less  than  it  would  be  if  a 
sinking  fund  were  provided;  and  the  amount  of  this  difference  is 
precisely  the  amount  of  the  depreciation.  In  other  words,  if  deprecia- 
tion is  to  be  deducted  from  the  cost  of  reproduction,  it  must  be  added 
to  the  development  expense  ascertained  from  the  accounting  records; 
so  that,  in  the  final  analysis,  depreciation  should  be  ignored  entirely 
in  any  appraisal  f>f  a  public  service  corporation  where  the  object  is 
cither  rntc-niakiiig  or  purchase  of  the  corporation  by  the  public.     One 
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Mr.  qualification  to  this  statement  is  needed,  however,  and  that  is  that 
the  depreciation  shall  not  have  gone  far  enough  to  result  in  an  average 
age  of  plant  less  than  half  the  life  of  the  plant — that  being  the  ulti- 
mate normal  operating  condition. 

Engineers  have  a  duty  to  perform,  in  making  an  appraisal  of  the 
sort  under  consideration,  which  is  judicial  in  its  character  and  should 
not  savor  in  the  least  of  the  pawnshop.  The  engineer  engaged  by  a 
public  service  commission  should  not  for  an  instant  make  it  his  object 
to  "beat  down  the  price,"  no  matter  by  what  far-fetched  theory  he  may 
effect  the  result.  Nor  are  engineers  inclined  to  do  this,  except  when 
they  regard  themselves  merely  as  agents  of  the  public  by  whom  they 
are  employed.  Unfortunately,  many  appraisers  have  as  yet  failed  to 
realize  that  there  is  a  vital  distinction  between  the  dealings  that  should 
exist  in  public  affairs  and  those  that  actually  exist  in  private  matters 
involving  the  purchase  and  sale  of  property.  In  the  latter  case,  the 
buyer  usually  takes  every  possible  advantage  of  the  helplessness  of  the 
seller.  Is  the  seller  ignorant?  See  that  he  remains  so.  Is  the  seller 
hard-pushed  for  money?  Grind  down  the  price  accordingly.  Does 
the  seller  offer  goods  which  are  a  bit  shop-worn  ?  Dwell  on  that  fact, 
to  the  exclusion  of  all  else.  Such  are  the  tradesman's  arts,  and  such, 
the  writer  fears,  have  been  the  arts  of  some  appraisers  of  public  service 
property. 

The  writer  believes  that,  under  one  form  of  agreement  or  an- 
other, nearly  every  kind  of  public  service  can  be  more  economically 
and  better  performed  by  a  public  service  corporation  than  by  the  public 
itself  through  employees  directly  hired.  But  if  America  is  not  to  pass 
speedily  into  Government  ownership  and  operation  of  all  public 
utilities,  there  must  be  a  pronounced  change  of  attitude  on  the  part  of 
the  public  toward  capital  now  invested  in  public  service  corporations. 
Even  as  engineers,  we  are  apt  to  be  unconsciously  influenced  in  our 
attitude  toward  public  service  corporations,  not  only  because  of  the 
present  public  attitude,  but  because  we  are  often  put  to  great  incon- 
venience by  the  ill-considered  resistance  of  the  corporations  whose 
property  we  are  called  on  to  appraise  for  the  public.  Our  duty  plainly 
consists,  first,  in  regarding  a  public  service  corporation  as  a  public 
agent,  and,  second,  in  allotting  such  values  that  this  public  agent  will 
receive  a  full  and  fair  return  for  every  dollar  judiciously  and  honestly 
spent  in  building  and  developing  its  property.  In  carrying  out  this 
plan,  the  writer  finds  it  wise  to  study  the  entire  financial  history  of  a 
corporation,  going  carefully  through  both  the  construction  accounts 
and  the  operating  accounts  from  the  beginning. 

The  desirability  of  analyzing  the  actual  costs  of  construction,  better- 
ment, and  operation  of  public  service  corporations,  preparatory  to 
estimating  the  cost  of  reproduction,  cannot  be  too  strongly  urged  upon 
appraisers.     Unfortunately,  many  corporations  refuse  access  to  their 
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records,  or  claim  that  the  records  are  too  incomplete  to  be  of  value.      Mr. 
However,    wlien    they    realize    that    from    those    very    records    can   be 
deduced  one  of  the  largest  items  of  cost  of  reproduction,  namely,  the 
item  of  development  expense,  they  are  certain  to  show  as  much  willing- 
ness as  they  now  show  aversion  to  disclosing  their  records. 

The  writer  has  recently  completed  an  appraisal  of  a  street  railway 
system,  the  managers  of  which  placed  at  his  disposal  the  entire  account- 
ing and  engineering  records.  From  these  the  development  expense  was 
deduced,  and  forms  an  item  which  can  be  demonstrated  in  Court,  if 
need  be,  instead  of  being  the  subject  of  unsupported  "expert  testimony." 
As  far  as  the  writer  knows,  this  is  the  first  time  that  a  street  railway 
corporation  has  voluntarily  opened  all  its  books  for  use  in  an  appraisal 
which  may  be  made  public.  May  it  not  be  one  of  the  harbingers  of  a 
far-sighted  action  on  the  part  of  public  service  corporations,  which  will 
result  eventually  in  eliminating  entirely  the  hostile  attitude  of  the 
public  toward  its  accredited  agents? 

Reverting  again,  and  finally,  to  the  question  of  development  expense, 
it  will  be  seen,  after  study,  that  the  method  of  deducing  it  from  the 
accounting  records  provides  for  every  possible  item.  The  cost  of 
advertising,  the  cost  of  colonization,  and  canvassing  by  agents  engaged 
in  building  up  the  business  tributary  to  the  corporation,  the  cost  of 
developing  an  efiicient  business  organization  and  an  efficient  plant — 
every  possible  item  of  developing  the  business  finds  accurate  record  in 
the  development  expense  deduced  from  the  accounting  records  as  out- 
lined. .This  may  not  be  apparent  at  first  glance,  but  a  little  considera- 
tion proves  it  to  be  so.  If,  for  example,  $20  000  has  been  spent  annually 
for  ten  years  in  advertising  to  secure  business,  the  operating  expenses 
have  been  increased  exactly  $20  000  for  each  of  the  ten  years.  Conse- 
quently, the  annual  deficit  below  a  "fair  return"  on  the  investment 
has  been  made  $20  000  greater  each  year  than  it  would  have  been  had 
no  expense  for  advertising  been  incurred.  In  other  words,  the  deficit 
below  a  "fair  return,"  which  is  the  development  expense,  shows  auto- 
matically the  amount  spent  for  every  such  item  as  advertising.  The 
writer  regards  this  automatic  register  of  development  expenses  as 
being  one  of  the  most  important  features  of  his  method  for  determining 
such  expense.  It  removes  the  entire  problem  from  the  realm  of  guess- 
work and  expert  testimony,  and  makes  it  a  problem  in  engineering 
economics.  It  involves  no  question  as  to  whether  or  not  the  existing 
rates  charged  for  freight,  or  for  any  other  service,  are  fair. 

Arthur  L.  Adams,  M.  Am.  Soc.  C.  E.  (by  letter). — This  paper,  in    Mr. 
spirit,   diction,   and   contents,   is   a   masterly   presentation   of   the  best ' 
thought  and  argument,  by  engineer  specialists  and  the  higher  Courts, 
concerning  this  difficult  svibject — a  presentation  which  only  one  inti- 
mately associated  with  the  question  for  years,  as  has  been  the  author, 
could  hope  to  make.     It  is  of  special  interest,  too,  because  it  deals 
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Mr.  fundamentally  with  the  Michigan  railroad  valuation,  now  ten  years 
old,  and  deservedly  considered  somewhat  ancient  in  the  evolution  of 
what  may  be  termed  the  logic  of  valuation  methods.  The  frank 
acknowledgment  of  the  now  apparent  deficiencies  or  errors  of  that  work, 
notably  in  the  defective  method  and  resulting  under-valuation  of  real 
estate,  as  well  as  the  upholding  of  that  which  still  appears  to  the 
author  to  be  sound  in  principle,  are  excellent  manifestations  of  the 
constructive  and  judicial  spirit  so  necessary  to  the  making  of  any 
substantial  contribution  to  the  art. 

Unanimity  of  opinion  in  matters  of  detail,  even  among  those 
specializing  in  this  line  of  practice,  cannot  be  expected,  especially  in 
a  general  discussion.  Details  must  receive  their  emphasis  from  local 
coloring  and  local  conditions.  Making  allowance  for  these  local  condi- 
tions in  Michigan  and  other  contiguous  States — notably  conditions 
of  population  and  flat  topography — and  remembering  that  the  basis 
of  the  paper  is  a  railroad  valuation  for  purposes  of  taxation,  and  not  a 
water-works  appraisal  for  annual  rate-fixing  in  a  semi-arid  region  of 
rapid  development,  or  some  other  widely  differing  utility,  it  seems  to 
the  writer  that  the  author  has  been  singularly  fortunate  in  giving 
expression  to  views  with  which  specialists  will  for  the  most  part  agree. 

The  limitations  of  the  logical  application  of  the  methods  suggested, 
however,  are  not  sufiiciently  defined.  Early  in  the  paper  an  effort  is 
made  to  avoid  the  necessity  for  this,  and  to  simplify  the  treatment  by 
limiting  the  scope  of  the  paper  in  the  following  language: 

"This  paper  is  confined  to  a  discussion  of  the  methods  which  should 
be  used  in  arriving  at  a  correct  figure  of  cost  of  reproduction  and 
depreciation— it  does  not  take  up  questions  involving  the  propriety  of 
those  figures  when  reached.  The  propriety  or  legality  of  using  such 
figures  as  a  basis  for  an  assessed  valuation,  as  a  basis  for  rate-making, 
*     *     *     will  be  conceded  no  place  in  this  paper." 

Such  a  restriction,  however,  seems  to  the  writer  to  leave  the  subject 
much  confused.  It  is  impossible  to  judge  of  the  propriety  or  sound- 
ness of  a  method  of  valuation  while  ignoring  its  purpose  and  failing  to 
point  out  the  limitations  of  its  logical  application.  To  confine  dis- 
cussion to  a  consideration  only  of  cost  of  duplication  and  depreciation 
of  physical  properties  is  presumably  an  attempt  to  avoid  the  difficulties 
incident  to  the  application  of  such  results  to  specific  purposes,  and  is 
in  line  with  the  frequent  argument  of  some  attorneys  in  litigated 
valuations,  that  the  engineer  must  not  encroach  on  the  province  of  the 
Court  by  having,  much  less  expressing,  any  idea  relative  to  the  applica- 
tion of  his  figures  to  the  final  solution. 

With  this  doctrine  the  writer  has  no  sympathy.  The  engineer  is 
essentially  an  economist,  and  no  one  is  more  fully  qualified  to  aid, 
either  directly  or  as  an  adviser  to  the  Court,  in  the  final  determination 
of  value  for  specific  purposes,  provided  he  is  trained  in  the  construe- 
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tion,  operation,   and  valuation  of  such  properties  as  are  under  eon-     Mr. 
sideration.     To  accept  any  less  responsibility  than  this  is  to  become      ^^^' 
party  to  inferior  measures  leading  to  popular  misconception,   and  is 
justiHcd   only  as   a  practicable  first  step   toward  the  final   realization 
and  acceptance  of  the  larger  duty. 

All  suggested  methods  of  valuation  should  be  subjected  to  close 
logical  analysis,  with  a  view  to  their  purpose.  The  unsuitability  of 
the  method  used  in  the  Michigan  appraisal  to  many  classes  of  appraisals 
is  apparent,  and  can  bo  readily  indicated.  Much  space  is  given  to 
justifying  the  appraisal  of  all  so-called  non-physical  elements  by  the 
capitalization  of  the  residue  of  net  earnings  after  allowing  interest 
on  the  investment  in  the  physical  properties.  This  the  author  refers 
to  as  Professor  Adams'  method.  The  addition  of  the  physical  to  the 
non-physical  values,  as  thus  determined,  is  supposed  to  give  the  value 
of  the  property  as  a  whole.  It  is  evident  that  it  gives,  by  indirection, 
the  same  total  valuation  as  would  be  obtained  by  the  direct  capitaliza- 
tion of  net  earnings  without  any  determination  of  physical  values, 
per  se,  and,  as  a  method,  is  therefore  not  what  it  purports  to  be.  Since 
value,  by  this  method,  is  in  reality  dependent  on  earnings,  it  follows 
that  where  rates  are  fixed  by  governmental  authority,  with  the  property 
value  as  the  base,  as  is  done  annually  in  California  in  cases  of  pri- 
vately owned  water  and  lighting  plants,  the  method  suggested  is  with- 
out logical  application,  and  the  property  values  of  such  corporations 
must  be  determined  and  justified  on  other  or  modified  grounds.  Hence 
the  necessity  for  dealing  with  such  elements  as  so-called  "going  con- 
cern," franchise,  and  other  possible  assets,  each  independently,  as  is 
usually  done  in  water-works  appraisals,  instead  of  collectively,  as  in 
the  ^Michigan  appraisal. 

It  should  be  made  clear,  therefore,  that  the  method  used  in  this 
railroad  appraisal,  for  the  determination  of  non-physical  values,  simply 
reduces  the  whole  to  one  of  capitalization  of  net  earnings,  and  pre- 
supposes no  governmental  regulation  of  rates  with  the  value  of  the 
property  as  the  base;  and,  unmodified,  has  a  comparatively  narrow 
range  of  application. 

The  author  seems  to  see  difiiculty  ahead  in  dealing  with  rate- 
making  by  this  method,  for  he  says,  near  the  close  of  his  paper: 
"There  are  many  intricate  problems  in  connection  with  a  valuation 
for  rate-making  or  taxation  which  really  belong  to  these  undertakings, 
not  to  valuation,"  but,  in  stating  some  of  these  difficulties,  he  does  not 
point  out  the  impropriety  of  determining  value  by  capitalizing  that 
(earnings)  which  it  may  be  the  object  of  the  valuation  to  determine 
and    fix. 

Regulation  of  rates  by  governmental  authority,  which  means  their 
limitation  to  that  which  is  reasonable  and  just,  will  probably  in  the 
future  be  the  purpose  in  the  making  of  most  valuations  of  the  property 
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of  appraisals  can  be  considered  as  being  at  all  complete  or  fairly 
comprehensive  which  do  not  meet  the  logic  of  such  an  end. 

If  capitalization  of  net  earnings  is  to  determine  railroad  values  for 
rate-fixing,  whatever  the  process,  it  must  presuppose  a  fair  and  equit- 
able rate,  thus  following  the  rate,  instead  of  the  rate  following  the 
property  value.  This  is  but  a  shifting  of  the  difiiculty;  for,  what  con- 
stitutes a  fair  and  just  rate,  irrespective  of  the  value  of  the  property 
used,  is  at  least  as  difficult  of  determination  as  is  the  property  value, 
irrespective  of  its  earnings.  Valuations,  to  be  useful,  must  have  their 
purposes  carefully  predetermined,  that  the  right  application  of  princi- 
ples may  be  made. 

Perhaps  nowhere  more  than  in  California  has  thought  been  directed 
along  this  line,  for  the  organic  law  of  the  State  for  thirty  years  has 
required  the  annual  fixing  of  rates  for  water  and  light  companies  by 
public  official  bodies,  and  many  important  cases  involving  rates  and 
valuations  of  large  properties,  chiefly  in  later  years,  have  been  tried. 
Unfortunately,  the  most  important  and  best  tried  of  these  have  not  yet 
reached  the  United  States  Supreme  Court.  The  result,  thus  far,  is  too 
long  a  story  to  be  told  now,  but  it  may  be  said  that  capitalization  of 
earnings  in  any  form  is  not  regarded  as  a  logical  basis  of  value  under 
such  conditions.  Franchises,  as  they  exist  here,  are  not  regarded  as 
having  value,  unless  from  unusual  circumstances.  "Going  concern" 
value  is  recognized,  but  its  money  measure  is  sought  through  other 
channels  than  present  net  earnings. 

The  author's  emphasis  on  the  necessity  for  eliminating  the  personal 
equation,  as  far  as  possible,  is  commendable,  but  a  large  exercise  of 
discretionary  judgment  is  inseparable  from  the  process  of  appraisal. 
The  fullest  investigation  of  all  pertinent  facts  should  be  made.  Too 
much  must  not  be  expected  from  rules  and  formulas.  They  are  educa- 
tion only.  Governing  principles  must  be  understood,  and  subsequent 
procedure  the  writer  cannot  better  express  than  in  the  words  sub- 
stantially as  used  on  a  former  occasion  :*  •  Having  considered  the 
various  factors  likely  to  influence  the  value  of  any  property  under 
consideration,  and  having  summarized  the  results,  it  will  remain  to 
determine  the  varying  degrees  of  importance  and  weight  to  attach  to 
each,  and  to  decide,  in  view  of  all  the  attendant  circumstances,  what 
the  amount  is  on  which  the  company  is  entitled  to  receive  a  suitable 
return.  This  final  solution  can  never  be  reduced  to  a  mathematical 
formula  applicable  to  all  cases.  The  inquiry  will  have  established 
approximate  limitations,  both  as  to  maximum  and  minimum,  but  there 
will  then  usually  be  found  remaining  quite  a  wide  intervening  field 
for  the  exercise  of  discretionary  judgment. 

*  "  The  Principles  Governing  the  Valuation  for  Rate-Fixing  Purposes  of  Water-Works 
Under  Private  Ownership."  By  Arthur  L.  Adams.  Journal,  Assoc,  of  Eng.  Societies, 
Vol.  XXXVI,  No.  2. 
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That  the  final  result  will  depend  to  some  extent  on  the  personal  Mr. 
oqiiation,  does  not  of  necessity  detract  from  its  worth.  It  only  shows 
the  g-reatness  of  the  problem,  which  requires  for  its  solution  the  exer- 
cise of  faculties  higher  than  the  application  of  mere  formulas  and  mere 
routine,  faculties  which  are  rooted  in  laborious  thought,  in  ripe  experi- 
ence, in  moral  worth. 

A  word  concerning  the  use  of  experts  on  work  of  this  class :  Most 
valuations  grow  out  of  or  grow  into  cases  at  law.  Under  the  prevailing 
order,  the  litigants  secure  the  services  of  the  necessary  expert  appraisers, 
who,  in  the  course  of  examination,  are  subjected  to  processes  usually 
much  better  calculated  to  magnify  than  to  harmonize  diflFerences,  and 
to  cloud  rather  than  to  clarify  issues,  to  the  detriment  of  the  record, 
the  confusion  of  the  Court,  and  the  attempted  discredit  of  the  wit- 
nesses and  their  profession.  Self-defense  is  calculated  to  lead  witnesses 
into  undue  reliance  on  rules  and  mathematical  formulas,  as  direct 
means  of  obtaining  the  desired  result,  instead  of  aids  for  the  final 
exercise  of  a  right  judgment  as  to  the  real  value  of  the  property  for 
the  purpose  intended,  simply  because  it  is  easier  in  dealing  with 
attorneys  to  justify  mere  mathematical  processes  than  to  support 
opinion  resting  on  considerations  of  a  general  character,  not  always 
readily  measureable  in  figures.  This  tendency  leads  also  to  under-valua- 
tions.  A  change  in  the  process  of  court  procedure  relative  to  such  expert 
evidence  is  needed,  and  the  influence  of  the  Profession,  both  indi- 
vidually and  collectively,  might  be  used  to  secure  the  appointment  of 
such  witnesses  at  the  instance  of  the  Court,  instead  of  the  litigants, 
to  the  great  advantage,  both  of  society  and  of  those  more  immediately 
concerned. 
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Mr.  James  D.   Schuyler,  M.  Am.   Soc.  C.  E.    (by  letter). — For  com- 

Schuyier.  pig^eness  of  detail  and  wide  range  of  subjects  of  general  interest  to 
engineers,  this  paper  is  certainly  one  of  the  notable  contributions  to 
recent  engineering  literature.  It  is  a  minute  and  painstaking  record 
of  the  successful  accomplishment  of  construction  work  under  unusual 
climatic  conditions  and  difficult  circumstances,  and  reflects  credit  on 
the  author,  not  only  in  his  capacity  as  an  engineer,  but  as  a  faithful 
recorder  of  facts.  It  was  particularly  fortunate  that  he  was  an  eye- 
witness of  the  disastrous  and  extraordinary  flood  which  swept  through 
Monterrey,  destroying  many  lives  and  much  property,  and  has  thus 
been  able  to  give  an  intelligent  estimate  of  the  maximum  discharge  of 
the  river  during  the  height  of  the  flood  wave  of  August  27th-28th, 
1909,  when  the  rate  of  run-off  per  unit  of  area  of  water-shed  drained 
reached  an  amount  which  has  seldom  been  equalled  or  exceeded,  as  far 
as  reliable  records  extend.  It  is  worthy  of  note  that  works  deriving 
their  water  supply  from  the  source  of  such  torrential  floods  should 
have  survived  with  so  little  actual  damage,  and  with  scarcely  any 
interruption  of  service.  The  repair  of  all  damages  to  the  system  was 
estimated  to  have  cost  not  more  than  $20  000. 

As  Mr.  Conway  did  not  assume  charge  of  construction  until  May, 
190Y,  he  was  spared  the  responsibility  of  deciding  on  the  general  plan 

*  This  discussion  (of  the  paper  by  George  Robert  Graham  Oonway,  M.  Am.  Soc.  C.  E., 
published  in  Proceedings  for  December.  1910,  and  presented  at  the  meetinej  of  February  1st, 
1911),  is  printed  in  Proceedings  in  order  that  the  views  expressed  may  be  brought  before 
all  members  for  further  discussion. 
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of  securing-  ;in  iilniiuhiiit  supijly  of  i)ur('  water  from  sources  permitting  Mr. 
of  delivery  by  gravity  under  adequate  pressure  for  fire  protection — a  ^^■'^"y'^'"- 
responsibility  which  devolved  on  the  writer,  assisted  by  G.  S.  Binckley, 
M.  Am.  Soc.  C.  E.,  Mr.  Conway's  predecessor,  as  Chief  Engineer.  Not 
only  the  water-works,  but  the  system  of  sewerage  and  sewage  disposal 
by  broad  irrigation  were  subsequently  carried  out  on  the  plans  sub- 
mitted to  the  State  Government  by  the  writer  in  lOUO,  and  given 
provisional  acquiescence  at  that  time. 

'J'here  was  no  lack  of  water  at  hand  for  the  supply  of  a  city  of  that 
size,  as  there  are  large  perennial  springs  which  flow  out  of  the  traver- 
tine of  the  plain,  and  are  used  for  irrigation  in  the  valley  below  the 
city.  One  of  the  largest  of  these,  near  the  civic  center,  has  a  normal 
flow  of  nearly  30  cu.  ft.  per  sec;  another  nearby,  also  within  the  city 
limits,  tlows  some  10  or  12  sec-ft.,  while  both  the  Estancia  and 
luibalar  springs,  but  a  few  miles  below  (shown  on  Plate  CLXXX),  dis- 
liarge  more  than  20  sec-ft.,  as  nearly  as  memory  serves.  Besides  this 
supply,  the  water  to  be  developed  by  sinking  shafts  in  certain  parts  of 
the  i)lain,  as  demonstrated  at  the  brewery  and  elsewhere,  was  apparently 
a  reliable  source  of  large  volume. 

To  utilize  these  sources,  however,  would  have  involved  condemna- 
tion of  the  water-rights  in  the  case  of  the  springs,  depriving  present 
owners  of  the  use  of  the  water,  and  this  Governor  Reyes  wished  to 
avoid.  Besides,  it  would  have  necessitated  pumping  the  water  for  the 
city  in  perpetuity,  an  expense  which  the  Governor  was  equally  anxious 
to  save;  hence  a  gravity  supply  was  made  the  prime  requisite  of 
the  plans. 

Until  the  concession  was  granted,  and  for  a  year  or  more  after- 
ward, it  was  assumed  that  an  adequate  supply  could  only  be  obtained 
by  the  storage  of  the  flood-water  of  the  Santa  Catarina  River  in  a 
large  reservoir;  and  the  earlier  plans  of  the  concessionaires  were  based 
I  in  the  construction  of  a  high  masonry  storage  dam  at  the  upper  end 
"f  the  "narrows,"  where  the  river  turns  from  a  western  direction  to  a. 
luurse  almost  due  east,  between  high  vertical  cliffs  of  limestone.  The 
concession  distinctly  provided  for  such  a  dam,  and  among  the  plans 
on  file  in  the  State  Capitol  is  one  prepared  by  the  late  E.  Sherman 
Gould,  M.  Am.  Soc.  C.  E.,  for  a  masonry  weir  across  the  gorge.  Samuel 
M.  Gray,  M.  Am.  Soc.  C.  E.,  also  filed  a  plan  and  report  proposing  a 
rapacious,  shallow,  storage  reservoir  near  the  city,  to  be  filled  by  a 
large  flood-water  canal  from  the  Santa  Catarina  Canon. 

Although  the  writer  could  not  have  anticii)atcd  the  occurrence  of 
floods  of  the  magnitude  of  the  one  of  August,  1909,  which  would  surely 
have  destroyed  any  reservoir  built  in  the  Canon,  he  was  unable  to 
•  ■ndorse  the  storage  plan  of  water  development,  chiefly  because  of  the 
uncertainty  of  the  watei'-tightness  of  the  reservoir  in  a  cavernous  lime- 
stone foiTnation,  and  also  because  of  the  probable  impurity  of  water 
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Mr.  draining  from  such  extensive  goat  pastures.  He,  therefore,  urged  the 
chuy  er.  development  of  the  underflow  of  the  river,  which  was  manifesting 
itself  in  the  springs  referred  to.  Mr.  Binekley  secured  two  Keystone 
drilling  machines  and  proceeded  to  profile  the  bed-rock  at  Santa 
Catarina  Caiion  and  at  San  Geronimo,  the  two  places  on  the  stream 
where  the  river  flows  between  walls  of  rock  in  situ.  At  both  sites  the 
strata  were  standing  nearly  vertical  across  the  channel,  and,  by  careful 
sampling  and  testing,  it  was  found  that  in  both  locations  there  were 
thick  strata  of  limestone  so  highly  silicious  as  to  be  insoluble,  and 
hence  free  from  caverns.  From  this  determination  it  was  concluded 
that  all  the  water  which  appeared  in  the  valley  below  must  pass  through 
the  sections  where  the  borings  were  made.  The  results  of  this  drilling, 
however,  proved  conclusively  that  the  depth  to  bed-rock  at  either  place 
was  too  great  to  permit  of  a  masonry  dam  being  considered  as  practical, 
and  demonstrated  the  inadequacy  of  methods  which  had  been  used  in 
the  earlier  investigations  when  dams  were  regarded  as  feasible. 

The  results  have  also  shown  that  the  subterranean  supply  at  the 
lower  cross-section  of  the  river,  at  San  Geronimo,  is  abundant,  and  can 
probably  be  increased  to  an  indefinite  degree  by  continuing  the  filtra- 
tion gallery;  while  at  Santa  Catarina  the  same  type  of  development 
can  be  made  for  a  high-source  supply,  although  requiring  a  long  and 
expensive  tunnel  and  conduit. 
Mr.  David   T.   Pitkethly,   Assoc.   M.   Am.    Soc.   C.   E.    (by  letter). — 

Pitkethiy.  jj^yjj^g  j^gg^  engaged  on  the  design  of  sewerage  systems  for  some  years, 
the  writer  finds  this  paper  of  peculiar  interest,  particularly  the  sewerage 
portion.  There  are  some  points  in  the  design,  however,  which  do  not 
appear  to  be  clear. 

The  system  is  described  as  ''strictly  separate,"  and  yet  the  sewers 
are  designed  to  run  half-full,  providing  a  capacity  of  200%,  the  100% 
basis,  or  380  liters  per  capita,  being  90%,  or  180  liters,  in  excess  of 
the  calculated  water  supply  of  200  liters  per  capita. 

It  has  been  the  writer's  practice  to  design  sanitary  sewer  systems 
on  the  basis  of  the  water  consumption,  and  to  assume  the  whole  daily 
amount  to  reach  the  sewer  in  16  hours,  thus  providing  capacity  suffi- 
cient to  care  for  the  maximum  or  wash-day  flow  without  causing  the 
sewers  to  run  above  the  calculated  hydraulic  gradient,  which  should 
be  placed  within  the  pipe  so  as  to  provide  air  space  for  ventilation 
under  all  circumstances. 

The  practice  of  calculating  sanitary  sewers  to  run  half -full  is  a  good 
one  when  ground-water  is  expected  in  sufficient  amount  to  fill  the 
remaining  portion  of  the  sewer,  but  when  no  ground-water,  or  roof-, 
or  surface-water  is  allowed  to  enter  the  system,  or  all  precautions  are 
taken  to  exclude  such,  then  the  system  may  be  designed  so  that  the 
expected  maximum,  or  wash-day  flow,  will  fill  the  sewer  to  the  desired 
hydraulic  gradient. 


Mr. 
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'J'lif  nu'lliuil  ui  ventilating  the  sewers  does  not  seem  practicable. 
The  houses  are  principally  of  one  story,  and  yet  the  stand-pipes  on  P'*'''«thly. 
the  sewers  have  openings  25  ft.  9  in.  above  the  sidewalk.  Are  the 
ventilating  or  vent  pipes  of  the  house  plumbing  carried  to  a  height 
to  balance  this,  or  will  these  chimneys  draw  the  air  from  the  house 
drains  and  fresh-air  pipes,  breaking  the  seal  in  the  so-called  dis- 
connecting traps,  thus  causing  the  circulation  of  air  in  the  house 
piping  to  be  downward  through  the  sewers  instead  of  upward  through 
the  fresh-air  inlets  and  vents,  as  designed? 

It  is  interesting  to  note  that  crude  sewage,  as  well  as  the  liquefying 
(septic)  tank  effluent,  is  to  be  applied  to  land  for  irrigation  purposes, 
but  the  application  of  crude  sewage  without  any  attempt  at  removing 
the  suspended  matter,  or  the  effluent  from  the  septic  tanks  where  only 
a  partial  removal  occurs,  seems  to  be  bad  practice. 

The  author  states  th^t : 

"The  degree  of  purification  in  the  tanks  was  relatively  unim- 
portant; the  object  to  be  obtained  consisted  chiefly  in  distributing  on 
the  land  an  effluent  which  would  be  innocuous  and  clear." 

How  he  expects  to  obtain  such  an  effluent  by  passage  through 
screens,  detritus  tanks,  and  septic  tanks  only,  is  more  than  the  writer 
can  understand. 

The  removal  of  suspended  matter  in  a  septic  tank  depends  on  the 
strength  of  the  sewage,  the  time  of  retention,  the  time  elapsing  between 
cleaning,  the  presence  of  trade  wastes,  etc.,  and  seldom  exceeds 
38  per  cent. 

The  subject  of  septic  tanks  and  their  effect  on  sewage  is  discussed 
in  the  "Fifth  Report  of  the  Royal  Commission  on  Sewage  Disposal" 
(England,  1908),  and  the  following  extracts,  relative  to  the  application 
of  crude  sewage  to  land  and  the  effect  of  septic  tanks  on  sewage,  seem 
apropos : 

"23.  *  *  *  There  are  also  many  cases  in  which  crude  sewage 
has  been  passed  over  land,  but  the  evidence  shows  that  land  treatment 
of  crude  sewage  is  liable  to  give  rise  to  nuisance  by  the  accumulation 
of  solids  on  the  surface  of  the  land.  Moreover,  in  some  cases  these 
solids  are  apt  to  form  an  impervious  layer,  which  interferes  with  the 
aeration  of  the  soil,  and  so  impairs  the  efficiency  of  the  treatment." 

"31.  *  *  *  At  that  time  it  was  claimed  that  the  septic  tank 
possessed  the  following,  among  other,  advantages : 

"That  it  solved  the  sludge  difficulty,  inasmuch  as  practically  all  the 
organic  solid  matter  was  digested  in  the  tank. 

"That  it  destroyed  any  pathogenic  organisms  which  there  might  be 
in  the   sewage." 

"32.  As  regards  the  first  of  these  claims,  it  is  now  clearly  established 
that,  in  practice,  all  the  organic  solids  are  not  digested  by  septic  tanks, 
and  that  the  actual  amount  of  digestion  varies  to  some  extent  with  the 
character  of  the  sewage,  the  size  of  the  tanks  relative  to  the  volume 
treated,  and  the  frequency  of  cleansing. 
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Mr. 

Pitkethly. 


Mr. 
Binckley. 


"At  Iluddersfield,  Mr.  Campbell  estimated  that  about  38  per  cent, 
of  the  solids  were  converted  into  gas  or  digested;  *  *  *  while  at 
Birmingham,  Messrs.  Watson  and  O'Shaughnessy  say  that  the  figures 
available  indicated  a  digestion  of  not  more  than  10  per  cent,  of  the 
suspended  matter  entering  the  tanks." 

"33.  As  regards  the  second  claim,  we  find  as  a  result  of  a  very  large 
number  of  observations  that  the  sewage  issuing  from  the  septic  tan^s 
is,  bacteriologically,  almost  as  impure  as  the  sewage  entering  the 
tanks." 

Messrs.  Winslow  and  Phelps,  in  their  interesting  paper,  "Investiga- 
tions on  the  Purification  of  Boston  Sewage,"*  quote  a  suggestion  made 
by  Stoddart  (1905)  : 

"He  finds,  in  a  septic  tank  of  several  compartments,  a  considerable 
deposit  of  sludge  in  the  first  compartment,  giving  a  fairly  clear  super- 
natant liquid,  which  in  the  last  chamber  of  all  undergoes  a  secondary 
decomposition,  leading  to  the  throwing  down  of  an  additional  precipi- 
tate of  offensive  sludge." 

What  took  place  in  the  case  referred  to  by  Stoddart  corresponds  to 
the  author's  observations  of  the  liquid  leaving  the  tanks  in  a  clarified 
condition,  but  the  secondary  decomposition  must  take  place  in  some 
manner,  and,  when  it  does,  a  nuisance  seems  to  be  unavoidable  where 
no  provision  is  made  to  care  for  it. 

In  view  of  the  experience  of  others,  some  further  treatment  seems 
to  be  necessary.  Such  treatment  should  include  disinfection,  as  no 
method  of  disposal  yet  devised  has  succeeded  in  reducing  materially  the 
pathogenic  germs  usually  to  be  found  in  sewage  and  tank  effluents. 

If  the  crops  to  be  irrigated  are  to  be  eaten,  uncooked,  by  mankind, 
then  disinfection  at  least  is  imperative. 

George  S.  Binckley,  M.  Am.  Soc.  C.  E.  (by  letter). — Mr.  Conway's 
admirable  paper  is  of  special  interest  to  the  writer,  as  the  entire  general 
design  of  the  system,  as  well  as  the  extensive  hydrological  studies  and 
final  selection  of  the  sources  of  water  supply,  was  completed  during 
1906  through  the  joint  labors  of  the  writer,  as  Chief  Engineer,  and 
James  D.  Schuyler,  M.  Am.  Soc.  C.  E.,  as  Consulting  Engineer. 

In  this  work,  the  writer  had  the  rare  privilege  of  dealing  from  its 
inception  with  the  problem  of  designing  a  complete  and  somewhat 
extensive  system  of  municipal  water  supply  and  drainage,  vmhampered 
by  any  existing  works  to  which  the  new  systems  would  have  to  be 
adapted.  It  would  probably  be  difiicult  to  find  in  the  United  States 
a  city  of  85  000  inhabitants,  previously  totally  lacking  either  a  water 
supply  or  sewerage  system,  which,  under  a  consistent  and  harmonious 
design,  has  been  provided  with  both  in  the  degree  of  completeness  and 
structural  excellence  exemplified  in  the  works  at  Monterrey. 

The  few  important  changes  or  amplifications  made  in  the  original 
design,  and  the  manner  in  which  its  detail  has  been  executed  is 
*  Water  Supply  and  Irrigation  Paper  No.  185,  p.  125. 
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naturally  most  interesting  to  the  writer,  and  this  excellent  paper  should       Mr. 
be   of    very    substantial    value,    particularly    to   engineers   engaged    on     "*^   ^^" 
similar  work  in  Alexico  or  Spanish  America. 

The  very  novel  construction  method  adopted  by  Air.  Conway  in  the 
rooting  of  the  South  or  Guadalupe  Reservoir,  seems  to  the  writer  rather 
to  invite  criticism,  and  the  fact  that  in  the  subsequent  construction 
of  the  roof  over  the  rectangular  Obispado  Kesei'voir  the  customary 
monolithic  concrete  construction  was  apparently  reverted  to  after 
experience  with  the  separate-unit  plan  previously  used,  would  indicate 
that  Mr.  Conway  reached  the  same  conclusion. 

The  original  design  of  the  circular  Guadalupe  Reservoir  contem- 
plated just  about  the  same  arrangement  of  columns  and  roof  support 
as  that  actually  used,  but  the  writer  had  expected  that  the  columns 
would  be  cast  in  place,  and  that  the  system  of  primary  and  secondary 
beams  would  be  filled  at  the  same  time  as,  and  integral  with,  the  roof 
slab,  the  reinforcement  being  placed  in  accordance  with  what  may  be 
described  as  conventional  practice.  The  writer  believes  that  the  effi- 
ciency of  the  concrete  and  steel  placed  in  this  manner  would  be 
notably  higher  than  under  the  system  actually  adopted,  which,  in  efFect, 
is  pretty  much  the  same  as  constructing  the  supporting  system  of 
units  of  cut  stone.  If,  with  all  the  elements  of  structural  weakness 
involved  in  the  multiplicity  of  mortised  joints^  discontinuous  rein- 
forcement, etc.,  this  construction  is  strong  enough,  it  would  seem 
that  an  important  reduction  in  the  dimensions  of  the  members  could 
have  been  effected  by  monolithic  construction  and  continuous  rein- 
forcement, without  sacrifice  of  strength. 

The  comparison,  in  Table  7,  of  the  costs  of  these  two  reservoirs,  is 
interesting,  but  very  moderately  illuminating,  as  the  comparative  unit 
cost  of  the  most  important  element  in  their  construction — the  con- 
crete— is  not  given.  The  total  excavation  cost  for  each  reservoir  is 
practically  the  same,  and  the  general  expense,  engineering,  and  cost  of 
fittings  and  accessories  presumably  so,  but  the  total  cost  of  the 
Guadalupe  Reservoir  as  given  is  $19  000  (pesos)  in  excess  of  that  of 
the  Obispado  Reservoir,  while,  in  the  latter,  there  were  756  cu.  ra.  more 
concrete.  This  certainly  indicates  a  much  higher  cost  of  concrete  per 
unit  as  laid  in  the  South  (Guadalupe)  Reservoir.  An  actual  compari- 
son of  the  cost  per  unit  of  concrete  laid  under  the  two  systems  would 
be  instructive. 

The  writer  is  interested  to  observe  that  the  same  system  of  sub- 
drainage  used  by  him  in  the  construction  of  the  reservoir  for  the 
provisional  supply  of  water  from  San  Geronimo,  has  been  used  by 
the  author  in  the  Obispado  Reservoir.  This  arrangement  of  drains 
under  the  floor  of  the  reservoir  at  San  Geronimo  was  devised  as  a 
safeguard  against  damage  to  the  lining  through  the  accumulation  of 
water  inside  the  impervious  bank  against  its  back. 
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Mr.  It  was  realized  that,  in  such  a  climate  as  that  of  Monterrey,  perfect 

^y-  water-tightness  of  the  lining  might  be  difficult  to  secure  or  maintain, 
and,  if  leaks  existed,  a  sudden  draft  on  the  contents  of  the  reservoir 
might  result  in  serious  damage  through  the  static  pressure  exerted 
against  the  lining  of  the  sides  or  upward  thrust  against  the  floor.  In  the 
writers  opinion,  such  a  system  of  drains  is  an  important  element,  as  not 
alone  the  fact  but  the  quantity  of  leakage  may  be  determined,  and  danger 
of  saturation  of  the  supporting  bank  avoided — a  matter  of  importance 
where,  as  is  sometimes  the  case,  the  material  of  such  a  bank  is  unfit  to 
resist  the  effects  of  saturation.  The  author  does  not  state  whether  or  not 
this  safeguard  was  omitted  in  the  Guadalupe  Reservoir.  Incidentally, 
however,  the  matter  of  saturation  of  the  bank  is  not  important  in 
either  reservoir,  as  the  material  of  which  these  banks  are  constructed 
is  such  that  settlement  or  failure  through  saturation  is  out  of  the 
question.  It  may  be  remarked,  however,  that  in  fixing  the  angle  of 
the  sides  of  the  Guadalupe  Reservoir  at  60°,  the  writer  contemplated 
the  same  system  of  constructing  the  bank  as  he  used  in  that  of  the 
San  Geronimo  Reservoir.  In  this  case,  the  bank  was  built  up  by 
spreading  the  material  in  thin  layers,  wetting  down,  and  rolling  and 
puddling  by  the  passage  of  the  ox-carts  used  for  the  transportation  of 
the  material,  the  wheels  of  the  carts,  and  especially  the  cloven  hoofs 
of  the  animals,  producing  a  most  excellent  effect.  The  inside  slope 
was  built  up  in  this  fashion  to  a  much  lower  angle,  and  with  a  top 
width  considerably  in  excess  of  the  finished  dimensions.  The  excess 
material  was  then  picked  off  to  the  line,  and  exactly  to  the  slope.  Thus 
the  finished  slope  presented  a  surface  which  was  compacted  to  a  degree 
impossible  to  attain  at  or  near  the  surface  of  the  bank  as  built,  and 
presenting  a  support  of  the  best  possible  character  for  the  concrete 
lining  and  coping. 
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MEMOIRS  OF  DEOEASED  MEMBERS. 

Note.— Memoirs  will  be  reproduced  in  the  volun.es  of  Transactions.  Any  information 
nhicb  will  amplify  the  records  as  here  printed,  or  correct  any  errors,  should  be  forwarded 
to  the  Secretary  prior  to  the  final  publication. 


CHARLES  CYRUS  KING,  M.  Am.  Soc.  C.  E. 


Died  January  13th,  1911. 


Charles  Cyrus  King  was  born  at  Bellmont,  Franklin  County, 
N.  Y.,  on  October  2d,  1845.  He  entered  Cornell  University  in  1871 
and  was  graduated  in  the  course  of  Architecture  in  1875.  Like  other 
self-reliant  and  resourceful  men  of  his  day,  he  worked  his  way  through 
the  University,  and,  in  spite  of  this  handicap,  was  graduated  with  high 
attainments  as  an  Architect.  Among  Cornellians  he  will  be  most 
familiarly  remembered  as  a  member  of  Cornell's  first  'Varsity  crew  in 
the  ]\owing  Association  of  American  Colleges  at  Springfield,  Mass., 
in  1873,  and  also  in  the  regattas  of  1874  and  1875,  at  Saratoga. 

Mr.  King's  first  work  after  graduation  was  with  the  Sailors  Snug 
Harbor,  of  Staten  Island,  and  the  noteworthy  buildings  of  classic 
architecture  which  were  erected  during  his  connection  with  that  insti- 
tution stand  as  lasting  monuments  to  his  memory  and  attainments. 

In  1886  he  became  one  of  the  original  incorporators  of  the  C.  W. 
Hunt  Company,  of  Staten  Island,  and  since  that  time  he  has  been  a 
Director  and  also  Chief  Engineer  of  the  Company.  Although  an 
Architect  by  profession,  his  profound  and  deliberate  mind  made  him  an 
Engineer  of  unusual  ability,  whose  judgment  was  highly  valued  by  his 
Company,  and  he  was  in  the  midst  of  his  usefulness  and  mental  vigor 
when  he  died. 

Mr.  King  was  modest  and  retiring,  to  a  fault,  but  his  close  friends 
and  those  who  had  the  privilege  of  meeting  him  at  home  will  always 
remember  his  charm  of  character.  He  designed  and  built  his  artistic 
home,  and  enjoyed  it  for  eighteen  years  with  his  devoted  wife  who 
survives  him. 

His  funeral,  held  at  the  family  residence.  West  New  Brighton, 
Staten  Island,  at  2.30  P.  M.,  on  Sunday,  January  15th,  1911,  was 
attended  by  old  comrades  and  business  associates  who  took  this  last 
opportunity  of  expressing  as  tenderly  as  possible  their  love  and 
admiration  for  a  departed  friend. 

Mr.  King  was  elected  a  Member  of  the  American  Society  of  Civil 
Engineers  on  September  2d,  1891.  He  was  also  a  Member  of  the 
American  Society  of  Mechanical  Engineers. 

*  Memoir  prepared  by  John  N.  Ostrom,  M.  Am.  Soc.  C.  E. 
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SAMUEL  McMATH  ROWE,  M.  Am.  Soc.  C.  E.* 


Died  May  22d,  1910. 


Samuel  McMath  Rowe  was  born  in  Dearborn  County,  Indiana,  on 
February  8th,  1831.  He  went  to  La  Salle  County,  Illinois,  about  1842, 
and  lived  at  the  place  where  the  Town  of  Sheridan  is  now  located. 
Prior  to  the  Civil  War  he  was  a  Surveyor  in  and  about  the  same 
locality. 

In  1808  he  located  the  line  of  what  was  then  the  Ottawa,  Oswego, 
and  Fox  River  Valley  Railroad,  and  in  1869  and  1870  was  a  member 
of  the  firm  of  Rowe  and  Jackson  which  was  engaged  in  the  work  of 
constructing  that  line. 

In  1872  Mr.  Rowe  became  associated  with  Dr.  J.  R.  Zearing  in  the 
firm  of  Rowe  and  Zearing,  which  was  engaged  in  the  construction  of  the 
Texas  and  Pacific  Railway,  from  Dallas,  Tex.,  eastward  about  75  miles 
to  Longview. 

In  1874  this  firm  was  awarded  the  contract  for  the  construction 
of  a  railroad  bridge  across  Trinity  River,  for  the  Texas  and  Pacific 
Railway  Company,  at  Dallas,  Tex.,  and  also  to  extend  the  track  10 
miles  west  thereof.  In  the  summer  of  1874  the  firm  moved  to  Sherman, 
Tex.,  and  commenced  to  build  the  Trans-Continental  Line  of  the  Texas 
and  Pacific  Railway,  laying  it  to  a  point  about  80  miles  east  of 
Sherman.  Moving  to  Texarkana,  they  continued  the  line  westward, 
connecting  with  the  part  they  had  already  built. 

In  1875,  Messrs.  Rowe  and  Zearing  were  employed  on  the  construc- 
tion of  the  Orleans  and  Pacific  Railroad. 

Somewhat  later,  or  about  1878,  Mr.  Rowe  was  engaged  by  the  Santa 
Fe  Road,  in  connection  with  track-laying,  etc.,  near  Florence,  Kans. 
In  the  latter  part  of  1878,  he  was  retained  as  Engineer  in  Charge  of 
Water  Service  on  the  New  Mexico  Extension  of  the  Santa  Fe  Road 
from  La  Junta  south,  in  which  position  he  remained  until  about 
1880   or  1881. 

In  1882  Mr.  Rowe  was  appointed  Resident  Engineer  of  that  rail- 
road, with  headquarters  at  Las  Vegas,  N.  Mex.,  and  while  acting  in  this 
capacity  in  1885  was  put  in  charge  of  the  construction  and  operation 
of  the  timber  preserving  plant  at  that  place.  This  was  the  first  im- 
portant plant  of  this  kind  in  the  United  States. 

Early  in  1887,  he  was  appointed  Chief  Engineer  of  the  Atlantic 
and  Pacific  Railroad,  and  while  holding  this  position,  the  "Red  Rock" 
Cantilever  Bridge  across  the  Colorado  River  at  The  Needles,  California, 
was  built  under  his  supervision. 

*  Memoir  prepared  by  J.  A.  L.  Waddell  and  A.  A.  Robinson,  Members,  Am.  Soc.  C.  E. 
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Tn  1S91  Mv.  Howe  moved  to  Chicago  and  orjianizod  the  firm  of  Eowe 
and  Tiowe,  Consulting:  Engineers,  the  firm  consisting  of  himself  and  his 
son.  the  late  Robert  D.  Rowe,  M.  Am.  Soc.  C.  E. 

From  1891  until  the  time  of  his  death,  Mr.  Eowe  was  engaged  in 
work  connected  with  the  preservation  of  timber;  and  his  "Handbook 
of  Timber  Preservation"  is  the  result  of  some  twenty-five  years  of 
careful  and  exhaustive  study  and  practice.  He  labored  to  perfect  the 
methods  and  appliances  of  the  process,  studying  many  principles  con- 
nected with  the  operation  of  timber  preserving.  His  business  was  to 
design  and  install  timber  preserving  plants,  making  the  plans  and 
si)ecifications,  supei'vising  the  construction,  and  inspecting  the  work. 
Twenty-seven  plants  have  been  built,  for  which  he  either  furnished 
plans  and  specifications  or  had  supervision  of  the  installation,  and  in 
most  cases  both.  His  work  in  this  line  for  the  most  part  was  done 
for  the  various  railroad  companies  of  the  United  States  and  Mexico. 
He  was  also  employed  by  the  United  States  Government  in  the 
capacity  of  Expert  in  the  Forestry  Service,  devoting  a  part  of  his  time 
to  the  work  during  1905,  1906,  and  1907. 

He  was  associated  with  J.  A.  L.  Waddell,  M.  Am.  Soc.  C.  E.,  during 
the  construction  of  the  South  Halsted  Street  Lift  Bridge  over  the 
South  Branch  of  the  Chicago  River,  which  was  completed  about  1894, 
and  in  the  preliminary  work  of  the  Northwestern  Elevated  and  the 
Union  Loop  Elevated  Railroads,  of  Chicago. 

Mr.  Rowe  made  a  careful  study  of  the  subway  question,  and  did 
considerable  work  in  connection  with  the  subway  and  harbor  enter- 
prises in  Chicago.  Later,  he  became  a  Director  and  OflBcer  of  the 
Chicago  Subway  Arcade  and  Traction  Company,  and  was  connected 
with  and  active  in  this  company  up  to  the  time  of  his  death;  in  fact, 
he  attended  a  meeting  of  the  company  only  a  day  or  two  before  his 
final  illness,  which  lasted  about  ten  days. 

Until  the  time  of  his  death,  Mr.  Rowe  was  an  exceedingly  active 
man.  and  took  part  in  many  business  affairs.  He  was  an  actual  witness 
of  the  wonderful  growth  of  the  City  of  Chicago  from  a  town  of  a  few 
thousand  inhabitants  to  a  metropolis  of  about  two  and  one-half  million 
people;  and  he  always  took  an  active  interest  in,  and  had  a  thorough 
understanding  of,  the  civic  problems  which  confronted  that  city. 

Mr.  Rowe  had  many  warm  friends  in  the  Engineering  Profession, 
and  also  outside  of  it,  who  appreciated  him  for  his  sterling  honesty 
and  genial  kindliness.  He  was  a  good  citizen,  a  devoted  husband  and 
father,   and  a  thorough  and  painstaking  engineer. 

He  died  of  pneumonia  on  May  22d,  1910,  at  the  advanced  age  of 
seventy-nine. 

^fr.  Rowe  was  elected  a  Member  of  the  American  Society  of  Civil 
Engineers  on  September  2d,  1885. 
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ARTHUR  KEDDIE  MACFARLANE,  Jun.  Am.  Soc.  C.  E.* 


Died  November  1st,  1910. 


Arthur  Keddie  Macfarlane  was  born  at  Beckwith,  Cal.,  on  July 
19th,  1887.  His  parents  were  Donald  and  Kate  J.  Leggett  Macfarlane. 
He  was  named  for  Arthur  W.  Keddie,  the  first  Chief  Engineer  of  the 
Western  Pacific,  who  is  sometimes  spoken  of  as  the  "Father  of  the 
Beckwith  Pass  and  the  North  Fork  Transcontinental  Railroad  Route." 
It  seems  to  have  been  a  coincidence  that  the  youth  thus  named  should 
have  shown  an  interest  in  the  Engineering  Profession.  His  early  life 
was  spent  at  Beckwith,  and  a  later  period  at  Oroville,  where  he  was 
graduated  from  the  Oroville  Union  High  School  in  1905.  In  1909  he 
received  the  degree  of  Bachelor  of  Science  from  the  College  of  Civil 
Engineering,  University  of  California. 

Like  many  Western  students,  he  spent  some  time  in  practical  work 
before  and  during  his  college  period.  As  early  as  1903  he  was  with 
the  location  survey  party  of  the  Western  Pacific.  In  succeeding  years, 
for  three  different  summer  seasons,  he  held  various  positions  in  survey- 
ing parties  working  along  the  Feather  River  Caiion  and  across  the  old 
Salt  Lake  Desert. 

On  his  graduation  from  the  University,  in  May,  1909,  Mr.  Macfar- 
lane accepted  a  position  with  the  Benicia  Iron  Works,  at  Benicia,  Cal. 
His  ability  was  promptly  recognized  by  this  company,  which  sincerely 
mourns  his  loss  and  has  given  no  uncertain  testimony  as  to  his  faith- 
ful and  efficient  service.  In  his  unfortunately  short  career  he  distinctly 
showed  ability  to  work  with  other  men  to  gain  their  respect  and  confi- 
dence, whether  they  were  his  superiors  or  his  subordinates.  His 
employers  state  that  he  was  admired  and  respected  by  everybody  con- 
nected with  the  Benicia  Iron  Works.  This  quality  certainly  would  have 
helped  him  to  speedy  success. 

For  the  Benicia  Iron  Works  he  designed  a  series  of  saw-tooth  roof 
mill  buildings  of  steel  frame  with  concrete  covering  on  metal  lath; 
later,  he  had  responsible  charge  of  their  construction,  also  of  the 
installation  of  machinery.  At  the  time  of  his  death  he  had  about 
completed  plans  for  a  system  of  handling  work  quickly  and  efiiciently 
in  the  shops  and  yards.  He  felt  his  responsibilities;  was  always  on 
hand,  and  anxious  to  see  things  go  ahead.  At  times  he  had  difficulty 
in  getting  efficient  labor.  This  influenced  him  to  compete  with  his  men 
to  spur  them  on  and  interest  them  in  the  construction.  It  was  this 
zeal,  in  one  sense,  that  may  account  for  his  accidental  death,  for  it  w  as 
during  the  performance  of  his  duties  as  Superintendent  of  the  works 
that  the  accident  occurred.    A  guy  wire  of  a  hoist  had  become  entangled, 
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and  all  his  men  being  otherwise  employed,  Mr.  Macfarlane  attempted 
to  free  the  wire  himself.  It  loosened  with  a  jerk  sufficient  to  throw  it 
upon  a  live  wire  of  the  Bay  Cities  Power  Line  which  ran  near  a  wall 
of  the  building.     A  current  of  1  200  volts  passed  through  his  body. 

The  young  engineer  can  afford  to  learn  lessons  from  this  man.  In 
the  field  and  shop  it  is  always  necessary  to  exercise  care.  On  the  other 
hand,  he  must  be  prompt  and  ready  to  meet  danger,  for  no  engineer  can 
be  successful  who  is  equipped  with  theory  and  office  room  experience 
alone.  He  must  learn  to  understand  his  workmen.  He  must  appreciate 
the  qualities  of  the  materials  he  uses  in  construction.  He  must  under- 
stand processes  of  manufacture  and  of  machine  installation.  Such 
things  he  can  study  best  in  the  field,  in  the  trench,  and  in  the  workshop. 

At  the  University  of  California  Mr.  Macfarlane  made  an  enviable 
reputation  as  a  student,  but  particularly  as  a  man.  He  was  an  officer 
of  the  Student  Civil  Engineering  Association,  and  in  his  sophomore 
year  was  President  of  his  class.  He  received  other  marks  of  distinction 
from  his  fellow  students.  These  indicate  the  temper  of  the  man.  He 
was  high-minded,  straightforward,  and  honorable.  He  took  a  keen 
interest  in  his  University,  and  remembered  it  after  he  left  his  Alma 
Mater.  Unlike  some  engineering  students,  he  was  a  student  of  litera- 
ture and  broadly  read.  Por  several  terms  he  was  President  of  the 
Calimedico  Club,  one  of  the  student  organizations  which  at  California 
represent  the  Eastern  Dormitory  Institutions. 

Mr.  Macfarlane  was  elected  a  Junior  of  the  American  Society  of 
Civil  Engineers  on  October  5th,  1909. 
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MINUTES  OF  MEETINGS 
OF  THE  SOCIETY 


February  15th,  191 1.— The  meeting  was  called  to  order  at  8.30 
p.  M.;  A.  L.  Bowman,  M.  Am.  Soc.  C.  E.,  in  the  chair;  T.  J.  McMinn, 
Assistant  Secretary,  acting  as  Secretary;  and  present,  also,  95  members 
and  16  guests. 

A  paper  by  E.  D.  Hardy,  M.  Am.  Soc.  C.  E.,  entitled  "Water 
Purification  Plant,  Washington,  D.  C,  Eesults  of  Operation,"  was 
presented  by  the  Assistant  Secretary,  who  also  read  a  discussion  on 
the  subject  by  Allen  Hazen,  M.  Am.  Soc.  C.  E.  The  subject  was 
discussed  orally  by  George  A.  Johnson,  Assoc.  M.  Am.  Soc.  C.  E. 

The  Assistant  Secretary  announced  the  following  deaths : 

John  Thomas  Fanning,  Vice-President,  Am.  Soc.  C.  E.,  elected 
"Member,  August  7th,  1872;  died  February  6th,  1911. 

Evelyn  Pierrepont  Roberts,  elected  Member,  May  7th,  1884; 
died  December  30th,  1910. 
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Louis  Edwin  Hawks,  elected  Associate  Member,  September  2d, 
1896;   died   January   29th,   1911. 

Georcje  William  Lee,  elected  Junior,  March  4th,  1902;  Associate 
Member,  Janyary  2d,  1907;  died  January  6th,  1911. 

Fridtiijov  Lauritz  Martin  Tonnesen,  elected  Associate  Member, 
June  3d,  1908;  date  of  death  unknown. 

Adjourned. 

March  ist,  191 1.— The  meeting  was  called  to  order  at  8.30  p.  m.; 
President  Endicott  in  the  chair;  Chas.  Warren  Hunt,  Secretary;  and 
present,  also,  173  members  and  24  guests. 

The  minutes  of  the  Annual  Meeting,  January  18th,  and  of  the 
meeting  of  February  1st,  1911,  were  approved  as  printed  in  Proceedings 
for  February,  1911. 

The  President  appointed  Messrs.  Edward  W.  Bush,  R.  D.  Coombs, 
and  George  S.  Frost  Tellers  to  canvass  the  ballot  on  the  following 
proposed  amendment  to  the  Constitution : 

Amend  Article  IV  as  follows : 

Add  at  the  end  of  Article  IV,  the  following : 

"13.  Corporate  Members  and  Associates  who  have  reached  the  age 
of  seventy  years,  and  who  have  paid  dues  as  such  for  twenty-five  years, 
shall  be  exempt  from  further  dues.  Corporate  Members  and  Associates 
who  have  paid  dues  as  such  for  thirty-five  years  shall  be  exempt  from 
further  dues." 

A  paper  entitled  "The  Pittsburg  and  Lake  Erie  Cantilever  Bridge 
Over  the  Ohio  River,  at  Beaver,  Pa.,"  by  Albert  R.  Raymer,  M.  Am. 
Soc.  C.  E.,  was  presented  by  the  author,  and  illustrated  with  lantern 
slides.  The  paper  was  discussed  orally  by  F.  W.  Skinner,  M.  Am. 
Soc.  C.  E.,  who  also  illustrated  his  remarks  with  lantern  slides.  A 
written  discussion  by  C.  W.  Hudson,  M.  Am.  Soc.  C.  E.,  was  presented 
by  the  Secretary. 

The  Tellers  reported  as  follows : 
"On  the  adoption  of  the  amendment  to  Article  IV,  relating  to  the 
Exemption  from  Further  Dues  of  Corporate  Members  and  Associates 
of  Certain  Ages : 

Total  number  of  ballots   received 2  312 

Without   signature 28 

Not  entitled  to  vote 9 

Defective 7 

44 

Counted 2  268 

No 39 

Yes  2  229 

2  268." 
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'Vhv  necessary  affirinative  vote  of  two-thirds  of  all  ballots  cast  having 
been  ri'coivpfl,  tlie  President  declared  the  amendment  carried. 

The  Secretary  announced  the  election  of  the  following  candidates 
oil  Fcl.riiary  2Stli,  1!»11  : 

As  Mkmbkrs. 

(^iiARi.KS  Damki.  Sargent,  Cornwall,  Ont.,  Canada. 
Jill  IN  Charles  Thomas,  Wellsville,  Ohio. 

As  Associate  Members. 

John  Gunerius  Anderson,  Minneapolis,  Minn. 

John  Arrington,  Atlanta,  Ga. 

Guy  Boschke,  Portland,  Ore. 

James  Lawrence  Brownlee,  Celilo,  Ore. 

Hans  I^angsted  Christie,  Ambridge,  Pa. 

Wales  Smith  Collins,  Brogan,  Ore. 

Henry  Edwin  Cowan,  St.  Augustine,  Fla. 

I  Tarry  James  Cowie,  Niagara  Falls,  N.  Y. 

Floyd  Gossett  Dessery,  Los  Angeles,  Cal. 

Edwin  Montague  Evans,  Philadelphia,  Pa. 

Ralph  Herbert  Fifield,  Malta,  Mont. 

Edward  Thomas  Flaherty,  Los  Angeles,  Cal. 

Clarence  Hoard,  Victoria,  B.  C,  Canada. 

Charles  Alexander  Holden,  Mt.  Vernon,  N.  Y. 

Oliver  Zell  Howard,  Annapolis,  Md. 

Cleves  Harrison  Howell,  Keoknk,  Iowa. 

Jesse  Aaron  Jackson,  Seattle,  Wash. 

Charles  Johnson,  New  Orleans,  La. 

Julius  Stephen  Kunkel,  Tampico,  Mexico. 

Percy  Remington  Leete,  Bridgeport,  Conn. 

John  Robert  Clarke  Macredie,  Outlook,  Sask.,  Canada. 

Sam  Lyon  McGlathery,  Manila,  Philippine  Islands. 

Henry  Lester  Newhall,  New  Paltz,  N.  Y. 

Edward  Herbert  Pense,  Ottawa,  Ont.,  Canada. 

George  Thomas  Petheram,  Hanford,  Wash. 

Wilbur  Collins  Raleigh,  Tacoma,  Wash. 

William  Thomas  Reed,  Boston,  Mass. 

John  Winfield  Reid,  Chicago,  111. 

Frank  William  Saunders,  Celilo,  Ore. 

Howard  Lewden  Sawyer,  Chicago,  111. 

John  Patrick  Turner,  Amsterdam,  N.  Y. 

As  Associates. 

Charles  William  Corbaley,  Los  Angeles,  Cal. 
Oliver  Perry  Morton  Goss,  Madison,  Wis. 
Charles  Wilson  Ross,  West  Newton,  Mass, 
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As  Juniors. 

♦      Thomas  Sherwood  Bailey,  Schenectady,  N.  Y. 
Arthur  Frederick  Blight,  Denver,  Colo. 
Ealph  McLane  Bowman,  Ithaca,  N.  Y. 
Clarence  Cowgill  Brown,  St.  Louis,  Mo. 
James  Wilhelm  Carpenter,  Cleveland,  Ohio. 
Daniel  Elias  Davis,  Alliance,  Ohio. 
Harry  Riddel  Hayes,  New  York  City. 
George  W  Cass  Lightner,  Detroit,  Mich. 
James  Pierre  Seaman,  Weehawken,  N.  J. 
Thomas  Edward  Snook,  Jr.,  New  York  City. 
Raymond  Philip  Weidenfeller,  Des  Moines,  Iowa. 
Alfred  Daniel  Wolff,  Jr.,  New  York  City. 
Harland  Clark  Woods,  Boulder,  Colo. 

The  Secretary  announced  the  transfer  of  the  following  candidates 
on  February  28th,  1911: 

From  Associate  Member  to  Member. 

Thomas  White  Cothran,  Greenwood,  S.  C. 
Robert  George  Dieck,  Portland,  Ore. 
Marshall  Ora  Leighton,  Washingion,  D.  C. 
Theron  Monroe  Ripley,  Fulton,  N.  Y. 
iRudolf  Yiedt  Rose,  Niagara  Falls,  N.  Y. 
Leonard  Sewall  Smith,  Madison,  Wis. 
Clinton  Draper  Thurber,  North  Chicago,  111. 
Eugene  True  Thurston,  Jr.,  San  Francisco,  Cal. 

From  Junior  to  Associate  Member. 

Chester  Robert  Chadwick,  New  York  City. 

Harry  Minott  Goodman,  Honolulu,  Hawaii. 

Albert  Paul  Haney,  St.  Louis,  Mo. 

Julius  Lilien  Jacobs,  Houston,  Tex. 

Julio  Daniel  Montero,  Santiago  de  Cuba,  Cuba. 

Ross  Milton  Riegel,  New  York  City. 

Arthur  Clarence  Tozzer,  Brooklyn,  N.  Y. 

From  Junior  to  Associate. 
Charles  Leopold  Walker,  Ithaca,  N.  Y. 

The  Secretary  announced  the  following  deaths: 

John  Franklin  Hinckley,  elected  Member,  May  6th,  1885;  died 
February  20th,  1911. 

Edwin  Merritt  Holmes,  elected  Junior,  March  31st,  1903;  Asso- 
ciate Member,  January  2d,  1907 ;  died  February  11th,  1911. 
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The  Secretary  annouiu'iHl  that  the  Forty-third  Annual  Conveu- 
tion  of  the  Society  will  be  held  at  Chattanooga,  Tenn.,  June  13th 
to  10th,  1911,  inclusive. 

Adjourned. 

OF    THE    BOARD  OF   DIRECTION 

(Abstract) 

February  28th,  191 1. — President  Endicott  in  the  chair,  Chas. 
Warren  Hunt,  Secretary;  and  present,  also,  Messrs.  Bates,  Clarke, 
Kimball,  Loomis,  Ridgway,  Snow,  Strobel,  Stuart,  Talbot,  and 
Thompson. 

Under  the  Constitution,  Arthur  N.  Talbot,  Director,  representing 
District  No.  5,  became  a  Vice-President,  taking  the  place  of  the  late 
John  T.  Fanning,  who  died  February  6th,  1911. 

Edward  Flad,  of  St.  Louis,  Mo.,  was  elected  a  Director  representing 
District  No.  5  to  fill  the  unexpired  term  of  Arthur  N.  Talbot. 

Action  was  deferred  imtil  the  next  meeting  on  the  proposition  to 
appoint  a  Special  Committee  to  report  on  the  valuation  of  public  utili- 
ties property. 

The  resignation  of  Charles  Hansel,  M.  Am.  Soc.  C.  E.,  as  a  member 
of  the  Special  Committee  on  Engineering  Education,  was  received  and 
accepted. 

Ballots  for  membership  were  canvassed,  resulting  in  the  election  of 
2  ^Fembers,  31  Associate  Members,  3  Associates,  and  13  Juniors,  and 
the  transfer  of  7  Juniors  to  the  grade  of  Associate  Member,  and  1 
Junior  to  the  grade  of  Associate. 

Eight  Associate  Members  were  transferred  to  the  grade  of  Member. 

Applications  were  considered,  and  other  routine  business  transacted. 

Adjourned. 
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ANNOUNCEMENTS 

The  House  of  the  Society  is  open  from  9  A.  M.  to  10  P.  M., 
every  day,  except  Sundays,  Fourth  of  July,  Thanksgiving  Day,  and 
Christmas  Day. 

FUTURE   MEETINGS 

April  5th,  191 1. — 8.30  P.  M. — At  this  meeting  a  paper  by  Leonard 
Metcalf  and  John  W.  Alvord,  Members,  Am.  Soe.  C.  E.,  entitled  "The 
Going  Value  of  Water-Works,"  will  be  presented  for  discussion. 

This  paper  was  printed  in  Proceedings  for  February,  1911. 

April  19th,  191 1. —8.30  P'.  M.— A  paper  by  James  E.  Howard,  Esq., 
entitled  "Some  Tests  of  Large  Steel  Columns,"  will  be  presented  for 
discussion. 

This  paper  was  printed  in  Proceedings  for  February,  1911. 

May  3d,  1911. — 8.30  P.  M. — At  this  meeting  a  paper  by  John 
P.  Hogan,  Jun.  Am.  Soc.  C.  E.,  entitled  "Sinking  a  Wet  Shaft,"  will 
be  presented  for  discussion. 

This  paper  is  printed  in  this  number  of  Proceedings. 

May  17th,  191 1. —8.30  P.  M. — A  paper  by  Charles  Arthur  Hague, 
M.  Am.  Soc.  C.  E.,  entitled  "The  Present-Day  Pumping  Engine  for 
Water- Works,"  will  be  presented  for  discussion. 

This  paper  is  printed  in  this  number  of  Proceedings. 

ANNUAL  CONVENTION 

The  Forty-third  Annual  Convention  of  the  Society  will  be  held 
at  Chattanooga,  Tenn.,  June  13th  to  16th,  1911,  inclusive. 

SEARCHES   IN   THE   LIBRARY 

In  January,  1902,  the  Secretary  was  authorized  to  make  searches 
in  the  Library,  upon  request,  and  to  charge  therefor  the  actual  cost  to 
the  Society  for  the  extra  work  required.  Since  that  time  many  searches 
have  been  made,  and  bibliographies  and  other  information  on  special 
subjects  furnished. 

The  resulting  satisfaction,  to  the  members,  who  have  made  use  of 
the  resources  of  the  Society  in  this  manner,  has  been  expressed  fre- 
quently, and  leaves  little  doubt  that,  if  it  were  generally  known  to  the 
membership  that  such  work  would  be  undertaken,  many  would  avail 
themselves  of  it. 

The  cost  is  trifling  compared  with  the  value  of  the  time  of  an 
engineer  who  looks  up  such  nuitters  himself,  and  the  work  can  be 
performed  quite  as  well,  and  much  more  quickly,  by  persons  familiar 
with  the  Library. 

In  asking  that  such  work  be  undertaken,  members  should  specify 
clearly  the  subject  to  be  covered,  and  whether  references  to  general 
books  only  are  desired,  or  whether  a  complete  bibliography,  involving 
search  through  periodical  literature,  is  desired. 


•^"'■''''^•'  ANNOrXCKMKNTS  1G9 

111  rcl'iTciKT'  tt)  this  work,  the  Appriuliccs*  to  the  Annual  Keports 
of  the  Hoard  of  Direction  for  the  years  ending  Ueceniber  31st,  1906, 
and  Deeeniher  31st,  1910,  contain  sunnnaries  of  all  searches  made 
to  date. 

PAPERS  AND  DISCUSSIONS 

Members  and  others  who  take  part  in  the  oral  discussion  of  the 
|)ai)ers  i)resented  are  urged  to  revise  their  remarks  prom{)tl.y.  Written 
conununications  from  those  who  cannot  attend  the  meetings  should  be 
sent  in  at  the  earliest  possible  date  after  the  issue  of  a  paper  in 
Proceedings.  The  issue  of  volumes  of  Transactions  is  dependent  on 
the  closing  of  discussions,  and  the  co-operation  of  the  membership  in 
this  matter  is  essential  to  the  regular  issue  of  each  quarterly  volume. 

All  papers  accepted  by  the  Publication  Committee  are  classified 
by  the  Committee  with  respect  to  their  availability  for  discussion  at 
meetings. 

Papers  whic-h,  from  their  general  nature,  appear  to  be  of  a  charac- 
ter suitable  for  oral  discussion,  will  be  published  as  heretofore  in 
Proceedings,  and  set  down  for  presentation  to  a  future  meeting  of  the 
Society,  and,  on  these,  oral  discussions,  as  well  as  written  comnuinica- 
tions,  will  be  solicited. 

All  papers  which  do  not  come  under  this  heading,  that  is  to  say, 
those  which,  from  their  mathematical  or  technical  nature,  in  the 
nitinion  of  the  Committee,  are  not  adapted  to  oral  discussion,  will  not 
he  scheduled  for  presentation  to  any  meeting.  Such  papers  will  be 
published  in  Proceedings  in  the  same  manner  as  those  which  are  to 
be  presented  at  meetings,  but  written  discussions,  only,  will  be  re- 
quested for  subsequent  publication  in  Proceedings  and  with  the  paper 
in  the  volumes  of  Transactions. 

SUBSCRIPTION  PRICE  TO  THE  PUBLICATIONS  OF  THE  SOCIETY 

'Jhe  following  subscription  rates  have  been  fixed  by  the  Board  of 
Direction  for  the  publications  of  the  Society: 

Proceedings^  ten  Numbers  per  annum,  $8.  Price  for  single 
numbers,  $1. 

Transactions,  four  Volumes  per  annum,  $12.  Price  for  single 
volumes,  $4. 

On  the  above  prices  there  is  a  discount  of  25%  to  members  who 
desire  extra  copies  of  any  of  these  i)ul)lications,  to  Libraries,  and  to 
Hdok-dealers. 

There  is  also  an  additional  charge  per  annum,  to  cover  foreign 
postage,  of  75  cents  for  Proceedings  and  $1  for  Transactions,  or  8  cents 
and  25  cents,  respectively,  for  single  numbers. 

A  special  subscription  rate  has  been  fixed  by  the  Board  for  the 
Proceedings  of  the  Society  for  the  benefit  of  Students  in  Technical 
Schools.  This  rate  is  $4.50  per  annum,  and  is  available  to  any  bona 
fide  student  of  any  technical  school. 

'Proceedings,  Vol.  XXXIII.  p.  20  (January,  1907);  Vol.  XXXVII,  p.  28  (January,  1911). 
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LOCAL  ASSOCIATIONS  OF  MEMBERS  OF  THE  AMERICAN 

SOCIETY  OF  CIVIL  ENGINEERS 

San  Francisco  Association 

The  San  Francisco  Association  of  Members  of  the  American  Society 
of  Civil  Engineei-s  holds  regular  bi-monthly  meetings,  with  banquet, 
and  weekly  informal  luncheons.  The  former  are  held  at  6  p.  M.,  at  the 
Palace  Hotel,  on  the  third  Friday  of  February,  April,  June,  August, 
October,  November,  and  December,  the  last  being  the  Annual  Meeting 
of  the  Association. 

Informal  luncheons  are  held  at  12.15  p.  M.  every  Wednesday,  and 
the  place  of  meeting  may  be  ascertained  by  communicating  with  the 
Secretary  of  the  Association,  E.  T.  Thurston,  Jr.,  Assoc.  M.  Am.  Soc. 
C.  E.,  713  Mechanics'  Institute,  57  Post  Street. 

The  by-laws  of  the  Association  provide  for  the  extension  of  hospi- 
tality to  any  members  of  the  Society  who  may  be  temporarily  in  San 
Francisco,  and  any  such  member  will  be  gladly  welcomed  as  a  guest 
of  the  Association  at  any  of  the  above  meetings,  if  he  will  notify  the 
Secretary  that  he  is  in  San  Francisco. 

(Abstract  of  Minutes  of  Meeting) 

December  i6tli,  ipio. — The  Annual  Meeting  was  called  to  order; 
President  Eiffle  in  the  chair;  E.  T.  Thurston,  Jr.,  Secretary;  and 
present,  also,  60  members  and  5  guests. 

On  account  of  pressure  of  business,  the  matter  relating  to  the  Pro- 
posed Licensing  of  Engineers  was  laid  over  until  the  February 
meeting. 

The  Eeports  of  the  Secretary  and  Treasurer,  respectively,  were  read, 
and  the  following  officers  were  elected: 

President,  J.  D.  Galloway. 
Vice-President,  James  H.  Wise. 
Secretary,  E.  T.  Thurston,  Jr. 

Treasurer,  P.   E.  Harroun. 

Sherman  A.  Jubb,  Assoc.  M.  Am.  Soc.  C.  E.,  addressed  the  meet- 
ing on  the  problem  of  rapid  transit  as  presented  in  Boston,  Mass.,  giv- 
ing a  detailed  description  of  the  construction  of  the  Boston  Subways, 
and  illustrating  his  remarks  with  stereopticon  views. 

Adjourned. 

Colorado  Association 

The  meetings  of  the  Colorado  Association  of  Members  of  the 
American  Society  of  Civil  Engineers  are  held  on  the  second  Saturday 
of  each  month  except  July  and  August.  The  hour  and  place  of  meet- 
ing are  not  fixed,  but  this  information  will  be  furnished  on  applica- 
tion to  the  Secretary,  H.  J.  Burt,  M.  Am.  Soc.  C.  E.,  1218  First 
National  Bank  Building,  Denver,  Colo.  The  meetings  are  usually 
preceded  by  an  informal  dinner. 

Weekly  luncheons  are  held  on  Wednesdays,  and  until  further  notice, 
will  take  place  at  The  Colorado  Traffic  Club. 

Visiting  members  are  urged  to  attend  the  meetings  and  luncheons. 
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(Abstract  of  Minutes  of  Meeting) 

February  nth,  1911 — The  mooting  was  called  to  order  at  8.30  p.  m.; 
Vice-President  C.  W.  Coinstoek  in  the  chair;  H.  J.  Burt,  Secretary; 
and  present,  also,  22  members  and  14  guests. 

The  minutes  of  the  Januarj-  meeting  were  read  and  approved. 

A  paper  by  Gavin  N.  Houston,  M.  Am.  Soc.  C.  E.,  on  "The  Ilalli- 
gan  Dam,  A  Reinforced  ]\Iasonry  Structure,"  was  presented  and  illus- 
trated with  lantern  slides,  and  the  subject  was  discussed  by  a  number 
of  those  present. 

M.  S.  Ketclium,  11.  Am.  Soc.  C.  E.,  discused  informally  the  paper 
by  William  Cain,  M.  Am.  Soc.  C.  E.,  on  "A  Discussion  of  Experiments 
on  Retaining  Walls,  and  of  Pressures  on  Tunnels,"  published  in 
Proceedings,  Am.  Soc.  C.  E.,  for  January,  1911. 

Adjourned. 

PRIVILEGES  OF  ENQINEERINQ  SOCIETIES 

EXTENDED  TO  MEMBERS  OF  THE 
AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS 

^[embers  of  the  American  Society  of  Civil  Engineers  will  be  wel- 
comed by  the  following  Engineering  Societies,  both  to  the  use  of  their 
Reading  Rooms  and  at  all  Meetings: 

American  Institute  of  Mining  Engineers,  29  West  Thirty-ninth  Street, 

Xew  York  City. 
Architekten=Verein    zu    Berlin,  Wilhelmstrasse  92,  Berlin  W.  G6, 

Germany. 
Associacao  dos  Engenheiros  Civis  Portuguezes,  Lisbon,  Portugal. 
Australasian    Institute  of  Mining  Engineers,  Melbourne,  Victoria, 

Australia. 
Boston  Society  of  Civil  Engineers,    715   Tremont  Temple,  Boston, 

Mass. 
Brooklyn    Engineers'  Club,  117  Remsen  Street,  Brooklyn,  N.  Y. 
Canadian    Society  of  Civil  Engineers,  413  Dorchester  Street,  West, 

Montreal,  Que.,  Canada. 
Civil    Engineers'  Society  of  St.  Paul,  St.  Paul,  Minn. 
Cleveland  Engineering  Society,  718   Caxton   Building,   Cleveland, 

Ohio. 
Cleveland  Institute  of  Engineers,  Middlesbrough,  England. 
Colorado  Association   of  Members,  Am.  Soc.  C.   E.,   II.   J.    Burt, 

Secy.,  I'-'ls  First  National  Bank  Building,  Denver,  Colo. 
Dansk  lngeni<^rforening,  Amaliegade  38,  Copenhagen,  Denmark. 
Engineers'  and   Architects'  Club   of   Louisville,   Ky.,    303   Norton 

Building,  Fourth  and  Jefferson  Streets,  Louisville,  Ky. 
Engineers'  Club  of  Baltimore,  Baltimore,  Md. 


172  ANNOUNCEMENTS  [Society 

Engineers'  Club  of  Minneapolis,  17  South  Sixth  Street,  Minneapolis, 
Minn. 

Engineers'  Club  of  Philadelphia,  1317  Spruce  Street,  Philadelphia,  Pa. 

Engineers'  Club  of  St.  Louis,  3817  Olive  Street,  St.  Louis,  Mo. 

Engineers'  Club  of  Toronto,  96  King  Street,  West,  Toronto,  Ont., 
Canada. 

Engineers'  Society  of  Pennsylvania,  219  Market  Street,  Harrisburg, 
Pa. 

Engineers'  Society  of  Western  Pennsylvania,  2511  Oliver  Building, 
Pittsburg,  Pa. 

Institute  of  Marine  Engineers,  58  Romford  Road,  Stratford,  Lon- 
don, E.,  England. 

Institution  of  Engineers  of  the  River  Plate,  Buenos  Aires,  Ar- 
gentine Republic. 

Institution  of  Naval  Architects,  5  Adelphi  Terrace,  London, 
W.  C,  England. 

Junior  Institution  of  Engineers,  39  Victoria  Street,  Westminster, 
S.  W.,  London,  England. 

Koninklijk    Instituut  van  Ingenieurs,  The  Hague,  The  Netherlands. 

Louisiana  Engineering  Society,  321  Hibernia  Bank  Building,  New 
Orleans,  La. 

Memphis  Engineering  Society,  Memphis,  Tenn. 

Midland  Institute  of  Mining,  Civil  and  Mechanical  Engineers, 
Sheffield,  England. 

Montana  Society  of  Engineers,  Butte,  Montana. 

North  of  England  Institute  of  Mining  and  Mechanical  Engineers, 
Newcastle-upon-Tyne,  England. 

Oesterreichischer  lngenieur=  und  Architekten=Verein,  Eschen- 
bachgasse  9,  Vienna,  Austria. 

Pacific  Northwest  Society  of  Engineers,  803  Central  Building,  Seat- 
tle, Wash. 

Rochester  Engineering  Society,  Rochester,  N.  Y. 

Sachsischer  Ingenieur^  und  Architekten=Verein,  Dresden,  Germany. 

Sociedad  Colombiana  de  Ingenieros,  Bogota,  Colombia. 

Sociedad  de  Ingenieros  del  Peru,  Lima,  Peru. 

Societe  des  Ingenieurs  Civils  de  France,  19  Rue  Blanche,  Paris, 
France. 

Society  of  Engineers,  17  Victoria  Street,  Westminster,  S.  W., 
London,  England. 

Svenska  Teknologforeningen,  Brunkebergstorg  18,  Stockholm, 
Sweden. 

Tekniske  Forening,  Vestre  Boulevard  18-1,  Copenhagen,  Denmark. 

Western  Society  of  Engineers,  1737  Monadnock  Block,  Chicago,  111. 
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ACCESSIONS  TO  THE  LIBRARY 

(From  Fcliruar.v  Ttli  to  ]\Iarch  Gth,  1911) 

DONATIONS  * 
HYDRAULIC  TURBINES 

Their  Design  and  Installation.  By  Viktor  Gelpke  and  A.  H.  Van 
Cleve,  M.  Am.  Soc.  C.  E.  Cloth,  9i  x  7i  in.,  illus.,  7  +  293  pp. 
New  York  and  London,  McGraw-Hill  Book  Company,  1911.    $4.00. 

It  is  stated  by  the  authors  that  this  work  is,  to  a  large  extent,  a  translation  of 
a  German  book  entitled  "Turbinen  und  Turbincn  Anlagen,"  by  Viktor  Gelpke. 
Certain  portions  of  the  earlier  work  have,  however,  been  rewritten,  the  mathe- 
tnatic-al  analysis  has  been  simplified,  the  book  rearranged,  and  Part  III  has  been 
added.  It  is  believed  by  the  authors  that  this  is  the  first  book  written  in  English 
which  covers  the  entire  subject  of  the  correct  mathemptical  design  of  all  classes 
of  turbine  and  impulse  wheels.  Part  I  gives  a  description  of  the  various  details 
u^ed  as  turbine  accessories  in  water-power  development,  the  essential  principles 
govern in.g  the  same,  and  a  classification  and  description  of  the  several  classes  of 
turbines.  In  Part  II  appears  the  mathematical  design  of  turbines  of  all  types. 
Part  in  gives  detailed  descriptions  of  important  and  representative  hydro-electric 
developments. 

MECHANICS  OF  INTERNAL  WORK. 

(Or  Work  of  Deformation)  In  Elastic  Bodies  and  Systems  In 
Equilihrium  Including  the  Method  of  Least  Work.  By  Irving  P. 
Church,  Assoc.  Am.  Soc.  C.  E.  Cloth,  9^  x  6  in.,  illus.,  6  -f  126  pp. 
New  York,  John  Wiley  &  Sons;  London,  Chapman  &  Hall,  Limited, 
1010.     $1.50. 

We  are  informed  in  the  preface  that  this  book  is  an  attempt  by  the  writer  to 
prepare  a  text-book  which  should  deal  exclusively  with  the  Mechanics  of  Internal 
Work  in  Elastic  Bodies  in  Equilibrium  and  embody  special  fullness  of  explanation 
and  illustration,  not  only  in  the  demonstrations  of  the  methods  to  be  used,  but 
also  in  the  detail  of  the  applications  ;  and  thus  indicate  clearly  the  use,  scope,  and 
limitations  of  these  valuable  methods.  The  Contents  are:  External  and  Internal 
Work  of  Elastic  Structures ;  The  Derivatives  of  Internal  Work ;  The  "Theorem  of 
Least  Work"  ;  With  Applications  to  Systems  of  Bars  in  Equilibrium  Under  Loads  ; 
Internal  Work  in  Beams  Under  Flexure,  Applications ;  Composite  Systems  and 
Curved    Beams  ;    Appendix  ;    Index. 

DROP  FORQING,  DIE  SINKING  AND  JVIACHINE  FORMING  OF  STEEL. 

^lodern  Shop  Practice,  Processes,  Methods,  Machines,  Tools  and 
Details.  By  Joseph  V.  Woodworth,  Cloth,  9|  x  H  in.,  illus.,  341  pp. 
New  York,  The  Norman  W.  Henley  Publishing  Co.,  1911.     $2.50. 

In  a  secondary  title  it  is  stated  that  this  volume  is  a  practical  treatise  on  the 
hot  and  cold  machine-forming  of  steel  and  iron  into  finished  shapes,  together  with 
tools,  dies,  and  machinery  involved  in  the  manufacture  of  duplicate  forgings  and 
Interchangeable  hot  and  cold  pressed  parts  from  bar  and  sheet  metal.  The  author 
also  states  that  the  text  is  concise;  that  techni('al  and  ambiguous  terms  have  been 
replaced  by  practical  and  familiar  shop  words ;  and  that  all  illustrations  and 
descriptions  are  plain  and  simple  to  understand  and  that  the  latter  have  been  reduced 
to  the  simplest  and  fewest  possible  words  so  that  the  average  mechanic  may  become 
familiar   with    advanced   shop    practice. 

BACKBONE  OF  PERSPECTIVE. 

By  T.  U.  Taylor,  M.  Am.  Soc.  C.  E.  Cloth,  7i  x  4^  in.,  illus.,  56  pp. 
Chicago,  The  :^ryron  C.  Clark  Publishing  Company,  1910.     $1.00. 

The  author  states  that  this  book  consists  of  notes  given  for  many  years  in  the 
form  of  lectures  and  drawing-board  exercises,  which  have  been  reduced  to  print 
to  save  time  in  note-taking  on  the  student's  part.  The  Chapter  Headings  are : 
Primary  Methods;  Vanishing  Point  Method;  Axometric  Projections;  Shades  and 
Shadows. 


*  Unless  otherwise  specified,  books  in  this  list  have  been  donated  by  the  publishers. 
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TRANSPORATION  IN  EUROPE. 

By  Log-an  G.  McPherson.  Cloth,  1-%  x  5  in.,  4  +  285  pp.  New 
York,  Henry  Holt  and  Company,  1910.     $1.50. 

In  this  volume  the  author's  aim  has  been  to  present,  in  a  broad  outline,  the 
conditions  affecting  transportatioa  and  traffic  in  Europe.  The  subject-matter  is 
stated  to  be,  in  the  main,  a  re-arrangement  of  the  author's  report  to  the  National 
Waterways  Commission.,  and  is  believed  to  contain  all  the  necessary  data  on  import- 
ant topics.  The  statistics  were  obtained  from  official  sources  and  the  accounts  of 
the  existing  status  are  based  either  on  governmental  publications,  information 
received  directly  from  those  in  charge  of  the  administration  of  transportation 
agencies,  or  from  leading  men  of  affairs.  As  the  author's  investigations  were 
concerned  only  with  the  economic  aspects  of  the  subject,  no  references  are  con- 
tained a?  to  its  mechanical  and  technical  phases.  The  Contents  are:  Introductory; 
Land  Roads  and  Interior  Waterways ;  The  Development  of  the  Railways  ;  Railway 
Passenger  Tariffs ;  Railway  Freight  Tariffs ;  Concerning  Freight-Traffic :  Inter- 
national Rail  Traffic ;  Phases  of  Governmental  Control ;  Comparative  Usefulness  of 
Inland  Waterways  and  Railways ;  Summary  of  the  Situation  on  the  Continent ; 
Transportation   in  England  ;   Index. 


CONSERVATION  BY  SANITATION. 

Air  and  Water  Supply,  Disposal  of  Waste  (Including  a  Laboratory 
Guide  for  Sanitary  Engineers).  By  Ellen  H.  Richards.  Cloth,  9x6 
in.,  illus.,  12  +  305  pp.  New  York,  John  Wiley  &  Sons;  London, 
Chapman  &  Hall,  Limited,  1911.     $2.50. 

This  volume  is  stated  to  have  been  compiled  from  notes  prepared  for  classes 
in  sanitary  engineering  and  to  be  primarily  a  laboratory  guide,  containing  resumes 
of  principles  given  in  the  lecture  course  which  accompanies  the  training.  It  as- 
sumes familiarity  with  both  the  bacteriological  and  the  chemical  laboratory  and 
access  to  an  engineering  library,  and  is  intended  as  an  aid  to  the  student,  as  well 
as  to  the  engineer  and  health  officer  who  may  not  have  had  a  full  laboratory  training 
in  the  subject.  The  Chapter  Headings  are :  Part  I,  Air  a  Neglected  Resource  ; 
Standards  of  Air  Supply  ;  Wholesome  Air,  and  the  Sanitary  Inspector  ;  Water  Sup- 
plies ;  The  Development  of  the  Sanitary  Idea  as  Indicated  by  the  Municipalization 
of  Water  Works  ;  Economic  and  Sanitary  Efficiency  of  Water  Works  ;  Protection  of 
Water  Supplies  as  a  Conservation  of  Natural  Resources ;  The  Regeneration 
(Renovation)  of  a  Spoiled  Watershed;  The  Interdependence  of  Town  and  Country; 
Filtration,  When  Resorted  to.  How  Efficient ;  The  Ultimate  Disposal  of  Wastes 
Liable  to  Contaminate  Water  Supplies;  Treatment  of  Various  Wastes;  The  Com- 
munity and  the  Individual.  Part  II,  One  Laboratory  Exercise  on  the  Inspection  of 
Ventilation;  Twelve  Laboratory  Exercises  on  the  Examination  of  Water  and  Wastes; 
Index. 

Gifts  have  also  been  received  from  the  following: 


Aldershot    Gas,    Water    &    Dist.    Lighting 

Co.      1    pam. 
Alexandra    (Newport    and    South    Wales) 

Docks   &    Ry.    Co.      1    pam. 
Am.  Electrochemical    Soc.      1    vol. 
Am.   Inst,   of   Min.    Engrs.      1   bound    vol. 
Am.   Mathematical    Soc.      1    pam. 
Am.   Min.    Congress.      1   vol. 
Am.   Soc.   of   Mech.   Engrs.      1   bound   vol. 
Arnold,    Bion    J.      2    bound   vol. 
Atlantic  Monthly  Co.      1  pam. 
Baltimore    County,    Md. -Roads    Engr.       5 

pam. 
Belzner,    Theodore.      2    pam. 
Bengal,       India-Irrig.       Dept.      1       bound 

vol.,    1    pam. 
Boston,    Mass. -Transit    Comm.      1    bound 

vol. 
Bourne,    Jonathan,    Jr.      1    pam. 
Burlington,    Vt.-City   Clerk.      1    pam. 
Caird,    James   M.     1    pam. 
Cambrian    Rys.    Co.      2    pam. 
Canada-Conservation    Comm.      1    pam. 
Canada-Geol.    Survey.      4    vol.,    1    pam. 
Canadian   Min.   Inst.      2   vol. 
Central  London  Ry.  Co.     1  pam. 


Connecticut-State  Geol.  and  Natural  His- 
tory   Survey.      1    vol.,    1    pam. 
Connor,  William  D.     1  bound  vol. 
Cooper,   David   R.     1   pam. 
Cumberland    Telephone    &    Telegraph    Co. 

1  pam. 

Depew,    Chauncey   M.     1   pam. 

Des   Moines,   lowa-Dept.   of   Accounts   and 

Finance.      1   bound   vol. 
Detroit,    Mich. -Board    of    Water    Commrs. 

2  pam. 

Echols,   William  H.     1   pam. 

Fall        River,       Mass.-Watuppa       Water 

Board.     1   pam. 
Furness   Ry.   Co.      1   pam. 
Great    Britain-Royal    Comm.    on    Canals 

and  Waterways.     1  vol. 
Great  Central   Ry.   Co.      2   pam. 
Great   Eastern    Ry.    Co.      1    pam. 
Great   Northern   &   City   Ry.    Co.      1    pam. 
Great  Northern  Ry.   Co.      1   pam. 
Great   Western    Ry.    Co.      1    pam. 
Holyoke,    Mass. -Gas    and    Elec.    Dept.      8 

pam. 
Hull    &   Barnsley   Ry.    Co.      1    pam. 
Iowa-Executive   Council.      1   vol.,    3   pam. 
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Kansas-State    Board    at    R.    R.    Comnirs. 

4    pam. 
Kansas  Univ.   State  Geologist.      1    pam. 
Lako   Superior   Min.    Inst.      1    vol. 
Liverpool    Overhead   Ry.   Co.     1    pam. 
London,    England-Director   of   Water    Ex- 
amination,    Met.     Water     Board.     1 

pam. 
London,   Ont. -Board    of    Water    Commrs. 

1    pam. 
London,   Brighton     &     South     Coast     Ry. 

Co.      1    pam. 
London    Elec.    Ry.    Co.      1    pam. 
London.  Tilbury   &   Southend    Ry.   Co.      1 

pam. 
McNulty.   G.  W.     95  bound  vol. 
Maine-Secy,   of  State.     1   bound   vol. 
Maine-Treasurer  of   State.      1    bound    voL 
Maryland-Conservation    Comm.      1    vol. 
Maryport   &    Carlisle    Ry.    Co.      1    pam. 
Met.   West  Side  Elev.   Ry.   Co.      1   pam. 
Michlgan-Geol.     and     Biological     Survey. 

1  vol. 
Michigan-State      Board      of      Health.     1 

bound   vol. 
Midland    &    South    Western    Junction    Ry. 

Co.     1    pam. 
Midland    Ry.   Co.      1   pam. 
Missouri-Waterway    Comm.     1    pam. 
Moore,   J.    Hampton.     1   pam. 
National     Board     of    Fire    Underwriters. 

12    pam. 
New  York  City-Board    of   Water    Supply. 

1  vol. 

New  York  City-Commr.     of     Docks     and 

Ferries,      i    pam. 
New    York    City-Supt.     of    Weights     and 

Measures.      4    pam. 
New    York    State-Water    Supply    Comm. 

2  pam. 

New  York  City  Record.     4  bound   vol. 
Newport,   England-Mgr.   of   Water-Works. 

12  pam. 
North  London  Ry.   Co.     1   pam. 
North   Staffordshire  Ry.    Co.     1   pam. 


Ontario,       Canada-Deputy       Minister       of 

Mines.      1   bound   vol. 
O'Shaughnessy,   M.    M.     1   vol. 
Philadelphia,       Pa. -Director      of      Public 

Health    and   Charities.     1    pam. 
Philippine    Islands-Director    of    Forestry. 

1   pam. 
Providence,   R.  I.-Dept.  of  Public  Works. 

1  vol. 
Reading,   Mass. -Board  of  Water  Commrs. 

1    pam. 
Rhode    Island-State   Board   of   Health.     1 

bound    vol. 
Rhode     Island     and     Providence    Planta- 
tions-Board   of    Harbor    Commrs.      1 

pam. 
Rhymney    Ry.    Co.     1    pam. 
Smithsonian    Institution.      1    bound    vol. 
South    Eastern    and    Chatham    Ry.    Com- 
panies      Managing       Committee.     1 

pam. 
South  Eastern  Ry.  Co.     1  pam. 
Taff  Vale   Ry.    Co.     1   pam. 
Tennessee-State    Geol.    Survey.      1    pam. 
U.   S. -Bureau      of      Exper.      Stations.     1 

pam. 
U.   S. -Bureau    of    Mines.     2    pam. 
U.   S. -Bureau    of    the    Census.     1    bound 

vol.,    2    pam. 
U.   S.-Chf.   of  Engrs.      11  specif. 
U.   S.-Commr.   of  Labor.     1   bound  vol. 
U.   S.-Supt.      of      Documents.     1      bound 

vol. 
Vermont,   Univ.  of.     1  voL 
Washington-State    Board    of    Health.      3 

pam. 
West   Virginia-Commr.    of   Public    Roads. 

3    pam. 
West   Virginia-State  Geologist.     1   map. 
Western     Australia-Dept.     of     Mines.     1 

pam. 
Wiseman,    R.    Baldwin.     1    pam. 
Witt.    Carl    C.     1   vol. 
Worcester,   England-City  Engr.     30  pam. 


BY    PURCHASE. 

American  Society  for  Testing  Materials.  Proceedings  of  the  Thir- 
teenth Annual  ^Meeting,  June  28th-July  2d,  11)10.  Volume  X.  Uni- 
versity of  Pennsylvania,  Philadeli)hia,  1910. 

The  Speed  and  Power  of  Ships:  A  Manual  of  Marine  Propulsion. 
1).  W.  Taylor.  \u\.  I,  Text  ;  \'ol.  11,  Tables  and  Plates.  John  Wiley 
&  Sons,  New  York  ;  Chapman  &  Hall,  Ltd.,  London,  1910. 

Steam-Ships:  The  Story  of  Their  Development  to  the  Present  Bay. 
K.  A.  Fletcher.  J.  B.  Lippincott  Company.  Philadelphia  ;  Sidgwick  & 
.Tacksou,  Ltd..  London.  1910. 

Storage  Battery  Engineering:  A  Practical  Treatise  for  Engineers. 
\\\  Lamar  Lyndon.  Third  Edition.  lUiwritten  and  Enlarged.  McGraw- 
Hill  Book  Company,  New  York  and  London,  1911. 

Iron  and  Steel  (A  Pocket  Encyclopedia),  Including  Allied  Indus- 
trits  and  Sciences.  By  Hugh  P.  Tiemann.  With  an  Introduction  by 
Ilenry  Afarion  Howe.  McGraw-Hill  Book  Company,  New  York  and 
London.  IDIO. 
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Compressed  Air  Plant:     The  Production,  Transmission  and  Use  of  , 

Compressed  Air,  with  Special  Reference  to  Mine  Service.     By  Rohert  | 

Peele.     Second  Edition,   Revised  and  Enlarged.     John   Wiley  &  Sons, 
New  York  ;  Chapman  &  Hall,  Limited,  London,  1910. 

Continuous  Current  Machine  Design.     By  William  Cramp.    D.  Van  i 

Nostrand  Company.  New  York,  1910.  I 

Notes  on  Irrigation  Works.     A  Course  of  Lectures  Delivered  at  Ox-  t 

ford  Under  the  Auspices  of  the  Common  University  Fund.     By  N.  F.  | 

Mackenzie.     D.  Van  Nostrand  Company,  New  York,  1910.  , 

Dynamo  Electric  Machinery  ;  Its  Construction,  Design,  and  Opera- 
tion ;  Direct-Current  Machines.  By  Samuel  Sheldon  and  Erich  Hausmann . 
Eighth  Edition,  Completely  Rewritten.     D.  Van  Nostrand  Company,  New  | 

York;  Crosby  Lockwood  &  Son,  1910.  I 

Mitteilungen  liber  Forschungsarbeiten  auf  dem  Gebiete  des  Inge-  j 

nieurwesens,  insbesondere  aus  den  Laboratorien  der  technischen  Hoch-  I 

schulen,  herausgegeben    vom    Verein  deutscher    Ingenieure.     Heft  97. 
Julius  Springer,  Berlin,  1911. 


SUMMARY  OF  ACCESSIONS. 

(From  February  7th  to  March  6th,  1911) 

Donations  (including  103  duplicates) 302 

By  purchase 11 

Total 313 
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MEMBERSHIP 

ADDITIONS 

(From    FobiiMiy    7tli    to    Marcli    Ttli,    I'.tll) 

MEMBERS  Date  of 

Membership. 

J'.AK.NKII.       KOHKIM-      (  KAUY.       ('(MIS.      Eugr.,      510     ) 

,  ,.-,       ,f      ,,,  .        .-  /-*       /    Assoc.  M.     Doc.       5.   I'lOO 

Kansas    (  itv    l.ifi"    J?hl<i;..    Kansas    C  itv,    > 


r  M.  Jan.        ;5.   lit  11 


Mo 

I'>().M),    Paii,   Stam.ky.     Zainli(iaiii:a,    Mindanao,    Pliilijipino 

Islands Dec.        (1.    I'.IMt 

)    Assoc.  M.     .Tnlv       !».   lOOli 
(OTiiKA.N.   'riio.MAs    WiiiTE.     Grccnwood,   S.   C.    [-  ^j  ^  ,'      .,o     ,,j,j 

DuFRESNE,  Alexander  Ritchie.     Asst.  C'hf.  Ensr..  Pnhlic 

Works   Dept.,  Ottawa,  Ont.,  Canada Jan.     :51.   I'll  I 

Kaki.y.  Percy  Walker.     Engr.  in  Clig.,  Norfolk  i»c  Western 

Ry.   to.,  Cedar   Bluff,  Va Jan.       ;5.   liUl 

Gideon,  Abraham.     Supt.,  Water  Suiiplv  and    . 

*  i-,      Tj  11  \r      -1        1.1  -i-      •        ^    Assoc.  :\I.     Sept.      3.   1!)02 

bewers,    (  ity    Hall,    Manila,    I'liiiippine  y  ' 


T  ,      ,  V   M.  Nov.       1.   1!)10 

Islands.  ' 

Greenfield,    Robert    Ainiiru.     185    Madison    Ave.,    New 

York  City Oct.        4.   11)10 

KnciiiN.   .loiiN    William.     Care,    Para   Constr.   Co.,   Ltd., 

!i    Kiu'    i.oiiis  le  Grand,   Paris.    France Jan.     ;51,   1011 

~1    Jun.  April     2,   1001 

Mann.  John   Lahoy.     Ingeniero  del   Gobierno,    j    ^^^^^  ^^^^^       ^.    ^^^^ 

Dept.  of  Public  Works,  Santo  Domingo,   J  ^^'^^^[  ^^      ^J^^       ^^   ^i^^g 

Santo  Domingo i   ^j  j^^        3^   ^^^^ 

Mozart,    William    Jacob.     Cons,    and    Const.  ) 

Engr.,      Flanders      Rd.,      Westborough,   L  ^''^^-  ^^-     ^^l"*'     '^'  ^^^^ 
Mass ..    (^I-  J«»-     31'   1»11 

Richards,  Frederick  David.     Room  ;311,  City  Hall,  Cleve- 
land.    Oliio Jan.     31,1011 

KiixjWay,   Arthur   Osuourne.     60S    Equitable   Bldg.,   Den- 
ver, Colo Jan.     31,   1011 

Smith,   Leonard  Sewall.     Associate   Prof,  .of  ] 

Topographic   and   Road    Eng.,    Cniv.    of  ',  ^'««^-  ^^-     ^""^      -   1^"' 
Wisconsin,  Madison,  Wis \  ^-  ^eb.     28.   1011 

associate  members 

Bowles,  Clayton   Wass.     City   Engr.,  Glendive,  Mont....  Jan.  3,   1011 
Butler,   Millard    Angle.     102G    Paulsen    Bldg..    Spokane, 

Wash Jan.  3,1911 

iHAitwicK,       Chester       Robert.     Structural   \ 

Engr.,    Milliken    Bros.,    Lie,    Milliken,  L    '""•  ^^^-  5'   ^'^^^ 

y     y                                                                        I    Assoc.  M.  Feb.  28,   1011 
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ASSOCIATE  MEMBERS    (Continued.)  Mem^bership. 

Christie,  Hans  Langsted.     Care,  Bridge  Dept.,  Am.  Bridge 

Co.,  Ambridge,  Pa Feb.     28,1911 

CopELAND,    Frederick    Lucius.     Asst.    Supt.,  \   ^  "NT  5    1907 

Bates  &   Rogers   Constr.   Co.,   213   Lin-  y  \     '  '    „,'n,, 

,  „     ^„       °     ,  „^    ,  (   Assoc.  M.  Jan.     31,  1911 

delle  Blk.,  Spokane,  Wash j 

Cotton,  Frank.     Corozal,  Canal  Zone,  Panama Jan.     31,  1911 

CowiE,  Harry  James.     Care,  The  Niagara  Falls  Power  Co., 

Niagara   Falls,  N.  Y Feb.     28,  1911 

Crawford,  Charles  John.     Care,  S.  Pearson  &  Son,  Ltd., 

Minatitlan,   V.   C,   Mexico Jan.     31,  1911 

Dickinson,  William  Dewoody.     State  Bank  Bldg.,  Little 

Rock,    Ark May       3,  1910 

Farwell,    Carroll    Andrew.     Engr.,     Chemical     Eng.     & 

Operating   Co.,    Rumford,   Me Jan.     31,  1911 

FiSK,    George    Farnsworth.     Bureau    of    Eng.,    Room    7, 

Municipal  Bldg.,  Buffalo,  N.  Y Jan.       .!,   1911 

French,   Chapman   Johnston.     Narrows,  Va Jan.     31,  1911 

Fyshe,  Thomas  Maxwell.     Care,  Walker-Fyshe  Co.,  Ltd., 

Room  7,  Crown   Blk.,   Calgary,  Alta.,   Canada Jan.     31,  1911 

TLi.NEY,     Albert     Paul.     3814     Westminstei  )  Jun.  Nov.      8,  1909 

PI.,  St.  Louis,  Mo [  Assoc.  M.  Feb.     28,  1911 

Helvern,  Dan  Edwin.     33  Carlile  PI.,  Pueblo,  Colo Jan.     31,  1911 

Henley,  Robert  Dwiggins  Monteith.     Bldg.  ^ 

Insp.,  Care,  C.  F.  W.  Felt,  Chf.  Engr.,  [  J^^"'  ^^P*'      ^'  ^^^^ 


A     rn    p   o    Til   T)      r<       T       1       T'  \    Assoc.  M.     Jan.     31,  1911 

A.,  T.  &  S.  F.  Ry.  Co.,  Topeka,  Kans.  .  .    ^  ' 

Howard,  Oliver  Zell.     48  Franklin  St.,  Annapolis,  Md.  .  .      Feb.     28,  1911 

Jacobs,   Julius   Lilien.     Mgr.,    Houston   and  '] 

New     Orleans     Offices,     James     Stewart   I    Jun.  Sept.      1,  1908 

&     Co.,     Contrs.,     214     First     National   j    Assoc.  M.     Feb.     28,  1911 
Bank  Bldg.,  Houston,  Tex J 

Jensen,  Christian  Peter.     City  Hall,  Fresno,  Cal Jan.     31,  1911 

Karnopp,  Edwin  Benjamin.     Div.  Engr.,  Ma-  \ 

deira-Mamorg    Ry.,    Box    304,    Manaos,   (.  '  ^    '         ' 

„       .,  ^  C    Assoc.  M.     Oct.       4,  1910 

Brazil ^ 

Leete,  Percy  Remington.     1022  Norman  St.,  Bridgeport, 

Conn Feb.     28,1911 

Meyer,  Adolph   Frederick.     U.  S.  Engr.   Office,   Box  654, 

St.   Paul,   Mirin Jan.     31,  1911 

Newiiall,  Henry  Lester.     Care,  Board  of  Water  Supply 

of  New  York  City,  New  Paltz,  N.  Y Feb.     28,  1911 

Randolph,  Richard  Wood.    Cheltenham-Revere  Hotel,  Park 

PL,   Atlantic    City,   N.   J Dec.       6,   1910 

Remsen,  Thomas  Richard.     283  Jefferson  Ave.,  Brooklyn, 

N.    Y ■ Jan.     31,1911 

Roberts,   William   Williams,   Jr.     Care,   Turner   Constr. 

Co.,  Hillburn,  N.  Y Jan.     31,   1911 
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ASSOCIATE  MEMBERS    (Continued.)  ,,  Date  of 

Membership. 

RosKNER,   Leland   Sylvan.     Cons.   Engr.,    1129   Merchants 

Exchange  Bldg.,  San  Francisco,   Cal Tan.     31,  li)ll 

RucKES,  Joseph  John,   Jr.     1006   First    National    Bank, 

Chicago,  111 Jan.     31,  1911 

Vallelt,    William    Patrick.     335    West    35th    St.,    New 

York    City Jan.       3,  1911 

Warren,  Horace  Prettyman.     Care,  Panama  R.  R.   Co., 

Cristobal,  Canal   Zone,  Panama Jan.       3,  1911 

Whitney,  Harrison  Allen.     701  Corbett  Bldg.,  Portland, 

Ore Jan.       3,1911 

associates 

Connor,  Edward  James.  59  Pearl  St.,  New  York  City...  Jan.  31,  1911 
Haitpt,  Edward.     1744  Monadnock  Blk.,  Chicago,  111 Jan.     31,  1911 

juniors 

Bartlett,    William    Andrews.     2220    N.    Nevada    Ave., 

Colorado    Springs,    Colo Jan.     31,1911 

BowMAX,  Ralph  McLane.     135  Blair  St.,  Ithaca,  N.  Y...     Feb.     28,  1911 

Brittain,  Karl  Walthall.     City  Hall,  Atlanta,  Ga Jan        3,  1911 

Carpenter,  James  Wllhelm.     2075  E.  81st  St.,  Cleveland, 

Ohio Feb.     28,  1911 

CoLMAN,  James  Blaine  Thomas.     Care,  Bureau  of  Public 

Works,  Manila,   Philippine   Islands Nov.       1,   1910 

Crandall,  Lynn.     Box  972,  Salt  Lake  City,  Utah Dec.       6,  1910 

Drake,  Ralph  Edmund.     Barge  Canal  Office,  Amsterdam, 

N.    Y Jan.     31,   1911 

Flick,  John  Kramer.     Cathedral  Apartments,  Baltimore, 

Md Jan.     31,   1911 

Flynn,  George  Augustus.     118  West  48th  St.,  New  York 

City Jan.     31,  1911 

Frisbie,  Henry  Charles.  234  Newbury  St.,  Boston,  Mass.  Oct.  4,  1910 
Green,  Arthur  Brooks.  10  Lincoln  St.,  Woodfords,  Me.  .  Jan.  31,  1911 
Griswold,  Horace  Seth.     C.  E.  Bldg.,  Univ.  of  California, 

Berkeley,  Cal Jan.     31,  1911 

Morgan,  William  Richard.     Care,  Russell  B.  Smith,   140 

West  42d  St.,  New  York  City Jan.     31,  1911 

1'rice,  Thomas  Ernest.     Care,  Superintendent's  Office,  C.  P. 

R.  R.,  Nelson,  B.  C,  Canada Jan.     31,  1911 

Segur,  Asa   Bertrand.     Hiram,   Ohio Jan.       3,  1911 

Snook,  Thomas  Edward,  Jr.     Engr.  for  John  B.  Snook's 

Sons,  73  Nassau  St.,  New  York  City Feb.     28,  1911 

Soo-Hoo,  Peter.  1308  W.  Springfield  Ave.,  Urbana,  111...  Jan.  31,  1911 
Stevenson,  Krvin  Beecher.  21  Clinton  Ave.,  Albany,  N.  Y.  Jan.  31,  1911 
Wall,  Edward  Walter.     Civ.  Eng.  Dept.,  N.  Y.,  N.  H.  & 

H.  R.  R.,  409  Union  Station,  Providence,  R.  I Dec.       6,  1910 


180  MEMBERSHIP — ADDITIONS — CHANGES   OF   ADDRESS      [Society 

JUNIORS    (Continued.)  Date  of 
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Ware,  Howard  Thomas.     Care,  James  Stewart  &  Co.,  Bald- 

winsville,  N.  Y Oct.        4,  1910 

Wolff,  Alfred  Daniel,  Jk.     215  West  23(1  St.,  New  York 

Citv Feb.     28,1911 


CHANGES  OP  ADDRESS 


Badeniiausen,  John  Phillips.     90  West  St.,  New  York  City. 

Bement,  Robert  Bunker  Coleman.  Cons,  and  Contr.  Engr.;  Pres., 
Robinson,  Cary  &  Sands  Co.,  St.  Paul,  Minn. 

Cbandall,  Charles  Leo.  Vice-Pres.,  Bowers  Southern  Dredging  Co.;  Secy. 
and  Gen.  Mgr.,  Furst-Clark  Constr.  Co.,  Security  Bldg.,  Galveston, 
Tex. 

Ceellin,  Edward  Webster.  Pres.,  Des  Moines  Bridge  &  Iron  Works,  Curry 
Bldg.,   Pittsburg,   Pa. 

Fairchild,  Samuel  Edwards,  Jr.  Civ.  and  Min.  Engr.,  5.30  Land  Title 
Bldg.,    Philadelphia,    Pa. 

Gray,  Samuel  Merrill.     Cons.  Engr.,  933  Banigan  Bldg.,  Providence,  R.  I. 

Harris,  Van  Alex.     Roniana,  Santo  Domingo. 

Hewins,  George  Sanford.  Care,  J.  G.  White  &  Co.,  Alaska  Commercial 
Bldg.,   San  Francisco,   Cal. 

Himmelwright,  Abraham  Lincoln  Artman.  Cons.  Engr.,  Masonic  Hall 
Annex,  23d  St.  and  6th  Ave.,  New  York  City. 

Hunt,  Conway  Bethune.  Engr.  of  Highways,  District  of  Columbia,  Dis- 
trict Bldg.    (Res.,  1917  S  St.,  N.  W.),  Washington,  D.  C. 

Layfield,  Elwood  Norman.     7111  Normal  Ave.,  Chicago,  111. 

Mackall,  Benjamin  Franklin.     Langley,  Fairfax  Co.,  Va. 

Mason,  Saa^pson  Douglas.  Asst.  Engr.,  U.  S.  Fortification  Work,  Fort 
Worden,  via  Port  Townsend,  Wash. 

Molitor,  David  Albert.  Engr.  with  Waddell  &  Harrington,  1012  Balti- 
more  Ave.,   Kansas   City,   Mo. 

Nicolls,  William  Jasper.     320  Pennsylvania  Bldg.,  Philadelphia,  Pa. 

Sears,  Alfred  Francis.     East  33d  St.  and  Sandy  Rd.,  Portland,  Ore. 

Seurot,  Paul  Albert.     215  bis  Boulevard  Voltaire,  Paris,  France. 

Smith,  Francis  Betts.  In  Chg.  of  Constr.,  Pearl  Harbor  Dry  Dock  for 
San  Francisco  Bridge  Co.,  1479  Thurston  Ave.,  Honolulu,  Hawaii. 

Smith,  Henry  DeWito..   201  East  Rusk  St.,  Marshall,  Tex. 

Tower,  Morton  Loudon.  U.  S.  Asst.  Engr..  414  Custom  House,  San  Fran- 
cisco, Cal. 

Wauters,  Carlos.  Prof.,  National  Univ.  of  Buenos  Aires;  Civ.  and  Const. 
Engr.,   Avenida  de  Mayo   878,  Buenos  Aires,  Argentine  Republic. 

WoERMANN,  Frederick  Christian.     Care,  R.  T.  Ford  Co.,  Albany,  N.  Y. 
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AcKKNUKin,   Ai.FRKi)   CURTIS.     Supt.,   Lock   20,   Erie   Barge   Canal   Contract, 

Talniyra,   Wayne  Co.,  N.   Y. 
Am. IN.    .loiiN    Lee/  Scey.,    J.    L.    Fulton    &    Co.,    1553    Monadnock    Blk., 

t  liicago,   111. 
Denson,   Newton    Davis.     Kngr.    and    Contr.,    3    Circuit    Drive,    Edgewood 

Station,   Providence,   R.   I. 
Khadv.  JosF.i'il.     Ciiro,   I^argo   Canal   Ollico,  Albany,  N.  Y. 
Rrooke.   Gkorce   Doswell.     Special   Agt.,   B.   &   0.   R.  R.,  B.   &   0.   Bldg., 

Baltimore,  Md. 
IU'kcoyne,  John  Henry,  Jr.     Chimbote,  Peru. 
Burton,  William.     Waterford,  N.   Y. 
Chappell,   Claude  Edward.     Res.   Engr.   on   Sewer   Constr.    for   Alvord   & 

Burdick.   Pekin,   111. 
Charles,  La  Vern  John.     Asst.  Engr.,  U.  S.  Reclamation  Service,  Elephant 

Butte,  N.   Mex. 
CoicHOT,  George  John.     Care,  City  Engr.'s  Office,  San  Francisco,  Cal. 
Crain,  Arthur  Manchester.     Secy,  and  Treas.,  Gate  City  Constr.  Co.,  805 

Brandeis  Theatre  Bldg.,  Omaha,  Nebr. 
Darrow,    iSIarius    Schoonmaker.     Care,   The   Barber   Asplialt    Paving   Co., 

Maurer,  N.  J. 
Day,   Warren   French.     Asst.  Engr.  witli   James   A.   Green,  509   Overland 

Bldg.,   Boise,    Idaho. 
Howards,   De.\n   Gray.     Waycross,  Ga. 
Exif:rson,  Raffe.     Box  22,  Topeka,  Kans. 
(JooDwiN,  Irving  Dean.     6106  Walnut  St.,  Pittsburg,  Pa. 
Gray,   William   Bacon.     Gen.   Mgr.   and   Chf.    Engr.,   George   N.   Jack.son, 

Inc.,  Yonkers   (Res.,  4  Wallace  Ave.,  Mt.  Vernon),  N.  Y. 
Griswold,  Lee  Swaney.     Junior  Engr.,  U.  S.  Engr.  Office,  Room  414,  Cus- 
tom  House,   San   Francisco,   Cal. 
(iKovER,  Nathan  Clifford.     1330  F  St.,  N.  W.,  Washington,  D.  C. 
Makdesty,  James  Robert.     Care,  Virginia  Bridge  &  Iron  Co.,  Roanoke,  Va. 
lliiiARD.  Roy  William.     Ancon,  Canal   Zone.  Panama. 
Howe,  Charles  Edward.     Asst.  Supt.,  Hastings  Pavement  Co.,  Hastings-on- 

Hudson,  N.  Y. 
Hufschmidt,  William  Paul.     826  Ernest  &  Cranmer  Bldg.,  Denver,  Colo. 
Knight,  Earle  Kelly.     23  East  26th  St.,  New  York  City." 
Law,  Walter  Hills.     Care,  Holbrook,  Cabot  &  Rollins  Corp.,  First  Pier, 

Commonwealth  Docks,  G.  P.  0.,  Boston,  Mass. 
Lee,  Enchert  A.     Perth  Amboj',  N.  J. 

Mitchell,  Lester  Hale.     Care,  U.  S.  Reclamation  Service,  Glendive,  Mont. 
NiMMo,  James  Valence.     Div.  Engr.,  C.  N.  P.  Ry.,  Lytton,  B.  C,  Canada. 
Pearse,   Langdon.     Asst.    Engr.   in   Chg.,   Sewage   Disposal    Investigations, 

Tlie   Sanitary   Dist.   of   Chicago,   30th   St.   Sewage   Pumping   Station, 
39th  St.  and  the   Lake  Front,   Chicago,   111. 
Peck,  Myron  Hall.     6445  Regent  St.,  Oakland,  Cal. 
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Ranson,  Birtram  Willard.     3312  First  Ave.,  South,  Minneapolis,  Minn. 
RoBBiNS,  Hallet  Rice.     Civ.  and  Min.  Engr.,  Pioneer  Bldg.,  Seattle,  Wash. 

Savage,  Seward  Merrill.     Treas.,  Alto  Constr.  Co.,  Holland  Patent,  N.  Y, 

Spengler,  Albert.     Gen.  Supt.,  National  Constr.  Co.,  2626  Holly  St.,  Den- 
ver, Colo. 

Stockton,  Robert  Summers.     C.   P.  Ry.,  Irrig.   Dept.,   Strathmore,   Alta., 
Canada. 

Turner,  Franklin  Pierce.     Asst.  Engr.,  N.  &  W.  Ry.  Co.,  Care,  Glenwood 
Inn,  Kenova,  W.  Va. 

Weinstock,    Harry    Herschel.     Auditor,    New    York    Times     Co.,    2400 
Seventh  Ave.,  New  York   City. 

Whipple,  Robert  Lee.      (R.  L.  Whipple  &  Co.,  Contrs.  and  Engrs.),  306 
Main  St.,  Worcester,  Mass. 

Whiskeman,  James  Peter.     Cons.  Engr.,  39  West  38th  St.,  New  York  City. 

WOODAED,  WiLKiE.     741  Consolidated  Realty  Bldg.,  Los  Angeles,  Cal. 

Yeo,  William  Herbert  Watt.     Junior  Engr.,  U.  S.  Reclamation  Service, 
Elephant  Butte,  N.  Mex. 

Young,  Lewis  Maxwell.     Care,  Connecticut  Eng.  &  Contr.  Co.,  Norwich, 
Conn. 

Zaciiry,   John    Low.     City    Engr.   and    Director   of    Public   Works,   Bruns- 
wick,  Ga. 

juniors 

Ackemann,  Henry  Conrad.     Grants  Pass,  Ore. 

Atwood,  Chester  Ely.     Sand  Coulee,  Mont. 

Baldridge,  James  Ramsey.     Superintending  Engr.,  Hennebique  Constr.  Co., 
P.  0.  Box  363,  Key  West,  Fla. 

Brainerd,  Harold  Affleck.     501  Westfield  Ave.,  Westfield,  N.  J. 

BusHELL,  Arthur  William.     617  Hope  St.,  Providence,  R.  I. 

Corp,  Henry  William.     Res.  Engr.,  Manila  R.  R.  Co.,  Manila,  Philippine 
Islands. 

CoETRiGHT,  Edwin  Keen.     Supt.,  The  Kaolin  Min.  Co.,  Mclntyre,  Ga. 

Cutler,   Stanley   Gardner.     Care,   H.    G.   Cutler,    325    N.    Willow     St., 
Chicago,  111. 

Gould,  John  Warren  Du  Bois.     Elmhurst  PL,   East  Walnut  Hills,   Cin- 
cinnati, Ohio. 

Hand,  Richardson.     Bourne,  Mass. 

Johnston,    Andrew    Crawford.     Care,    Pittsburg    Meter    Co.,    East    Pitts- 
burg, Pa. 

Jones,  Ralph  Henry.     E-124   Indiana  Ave.,  Spokane,  Wash. 

Lundgren,  Emil  Leonard.     Project  Engr.,  Bureau  of  Public  Works,  Manila, 
Philippine  Islands. 

McKiNNEY,  Francis  William.     159  Garfield  Ave.,  Madison,  N.  J. 

Merriman,  Richard  Mansfield.     With   Hering  &   Fuller,   Cons,  and  San. 
Engrs.,  170  Broadway    (Res.,  157  East  47th  St.),  New  York  City. 

Moore,  Stanley  Wallace.     36  Bay  5th  St.,  East  Elmhurst,  N.  Y. 
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JUNIOKS    {Cotitinued.) 
MoBRlsOiV,  Chbistopiieb  Gi;oK(iK.     Asst.  Engr.,  Dist.  No.  8,  Bureau  of  Public 

Works,  Manila,  Pliilippine   Islands. 
Moui.TOX,  Oren  McKenney.     Gorham,  Me. 
UsBOKX,   Kenneth   IIowAno.     Concrete   Engr.,    Dept.   of   Bldgs.,    1640   East 

82d  St.,   Cleveland,   Ohio. 
Richards,     Akthvr.     Municipal     Engr.'s     Oilice,     Cristobal,     Canal     Zone, 

Panama. 
Ryan,  Richard  R.     926  Brown  St.,  Sault  Ste.  Marie,  Mich. 
ScHOWNGER,  George.     Care,  U.  S.  Reclamation  Service,  Yuma,  Ariz. 
I  HOMSox,  Fred  Morton.     Care,  Supt.'s  Office,  H.  E.  &  W.  T.  Ry.,  Houston, 

Tex. 
W  ai.ker,  George  Johnson.     Engr.   with   Heyl  &  Patterson,   Contr.   Engrs. 

(Res.,  5433  Elmer  St.),   Pittsburg,  Pa. 
Weston,   Frederick  Sampson.     Terminal  Engr.,  Madeira-Mamore  Ry.  Co., 

Caixa,  304,  Manaos,  Brazil. 


DEATHS 

Hinckley,  John  Fraxklin.  Elected  Member,  May  6th,  1885;  died  Feb- 
ruary 20th,   1911. 

Holmes,  Edwin  Merritt.  Elected  Junior,  March  31st,  1903;  Associate 
Member,  January  2d,  1907;   died  February  llth,  1911. 

Kellogg,  Albert  Victor.  Elected  Associate  Member,  November  6th,  1895; 
died  February   15th,   1911. 

TOnnesen,  Fridth.iov  Laliutz  Martin.  Elected  Associate  Member,  June 
3d,  1908;   date  of  death  unknown. 


Total  Membership  of  the  Society,  March  7th,  191 
5  898. 
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MONTHLY   LIST  OF   RECENT   ENGINEERING   ARTICLES  OF 

INTEREST 

(February  4th  to  March  Gth,  1911) 

Note. — This  list  is  published  for  the  purpose  of  placing  before  the 
members  of  the  Society  the  titles  of  current  engineering  articles, 
which  can  be  referred  to  in  any  available  engineering  library,  or  can  be 
procured  by  addressing  the  publication  directly,  the  address  and  price 
being  given  wherever  possible. 

LIST   OF  PUBLICATIONS 

In  the  subjoined  list  of  arlicles,  references  are  given  by  the  number 
prefixed  to  each  journnl  in  this  list: 

(1)    Journal,^   Assoc.      Eng.      Soc,      31      (28)    Journal,      New      England      Water- 
Works  Assoc,   Boston,  Mass.,  $1. 

(29)  Journal,  Royal  Society  of  Arts, 
London,    England,    15c. 

(30)  Annales  des  Travaux  Publics  de 
Belgique,    Brussels.    Belgium. 

(31)  Annales  de  TAssoc.  des  Ing.  Sortis 
des  Ecoles  Speciales  de  Gand, 
Brussels,    Belgium. 

(32)  Memoires  et  Compte  Rendu  des 
Travaux,  Soc.  Ing.  Civ.  de 
France,    Paris,    France. 


Milk    St.,    Boston,    Mass.,    30c 

(2)  Proceedings,  Engrs.   Club  of  Phila., 

1317     Spruce     St.,     Philadelphia, 
Pa. 

(3)  Journal,    Franklin    Inst.,    Philadel- 

phia,   Pa.,    50c. 

(4)  Journal.    Western    Soc.    of    Engrs., 

Monadnock  Blk.,   Chicago,   III. 

(5)  Transactions,      Can.      Soc.      C.      E., 

Montreal,    Que.,    Canada. 

(6)  School     of     Mines     Quarterly,     Co- 


lumbia   Univ.,     New     York    City,      ^^3)    Le   Genie   Civil,   Paris,   France 


50c. 

(8)  Stevens  Institute  Indicator,  Stevens 

Inst.,    Hoboken,   N.   J.,   50c. 

(9)  Engineei-ing    Magazine,    New    York 

City,   25c. 

(10)  Cassier's  Magazine,  New  York  City, 

25c. 

(11)  Engineering       (London),       W.       H. 

Wiley,    New    York    City,    25c. 

(12)  The     Engineer      (London),       Inter- 


(34)  Portefeuille    Economiques    des    Ma- 

chines,  Paris,    France. 

(35)  Nouvelles  Annales  de   la  Construc- 

tion,  Paris,    France. 

(37)  Revue  de  Mecanique.  Paris,  France. 

(38)  Revue    Generate    des     Chemins    de 

Fer     et     des     Tramways,     Paris, 
France. 
(41)    Modern    Machinery,     Chicago,     111., 
10c. 


national     News     Co.,     New     York     (42)    Proceedings.        Am.        Inst.        Elec. 


City,    35c 


Engrs.,    New   York   City,   50c. 


(13)    Engineering  News,   New  York   City,     ^'^^^    Annales     des    Ponts    et    Chaussees, 


15c. 


Paris,  France. 


(14)  Engineering      Record,      New      York     ^44)    Journal.    Military    Service    Institu- 

City,    12c.  "       ""~~"    "— "  "'"-'■ 

(15)  Railway    Age    Gazette,    New    York 

City,    15c. 

(16)  Engineering    and    Mining    Journal,     ,^.-.    „   •'^"S-^ 

New  York  City    15c.  ^      '    Scientifi.c_     Amencan, 

(17)  Electric     Railway     Journal,      New 
York    City,    10c. 


tioD,  Governors  Island,  New  York 

Harbor,    50c. 
(45)    Mines  and  Minerals.  Scranton,   Pa., 

20c. 

York 

City,  8c. 
(47)    Mechanical     Engineer,     Manchester, 

(18)    Railway    and    Engineering    Review,     .aox    vJi^^^tf^'    ^t^,.  •       t-v     *     i  t 

Chicago     111.     ibc.  '      '    Z>extschr%ft,     Verein     Deutscher     In- 


(19)  Scientific      American      Supplement, 

New   York   City,    10c. 

(20)  Iron   Age,   New   York   City,    10c. 

(21)  Railway     Engineer,     London,     Eng- 

land,   25c. 

(22)  Iron  and  Coal  Trades  Review,  Lon- 

don,  England,    25c. 

(23)  Bulletin,   American    Iron    and    Steel 

Assoc,    Philadelphia,    Pa. 

(24)  American    Gas   Light   Journal,   New 
York   City,    10c. 


genieure,    Berlin.    Germany. 

(49)  Zeitschrift     fiir    Bauwesen,    Berlin, 

Germany. 

(50)  Stahl    und   Eisen,    Dusseldorf,    Ger- 

many. 

(51)  Deutsche   Bauzeitung,    Berlin,    Ger- 

many. 

(52)  Rigasche     Industrie-Zcitung.     Riga, 

Russia. 

(53)  Zeitschrift,      Oesterreichischer      In- 

genieur   und   Architekten    Verein, 
Vienna,    Austria. 


(25)    Anerican      Engineer,      New      York     (54)    Transactions.   Am.   Soc.   C.   E.,   New 


City,   20c 

(26)  Electrical     Review.     London,     Eng- 

land. 

(27)  Electrical    World.    New    York    City 

lOc  ; 


York    City,    $4. 

(55)  Transactions,  Am.   Soc   M    E     New 

York   City,   $10. 

(56)  Transactions,       Am.        Inst.       Min. 

Engrs.,    New   York    City,    $5. 
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(57)  Collicrii     Guardian,     London,     Eng- 

land. 

(58)  ProcccdinQs.    Eugrs.'    Scr.    W.    Pa., 

803      Fulton      Bldg.,       Pittsburg, 
Pa.,   50c. 

(59)  Tnuisactioiis.   Mining  Inst,   of  Scot- 

lanil,      London      and      Newcastle- 
upon-Tyne,    England. 

(60)  Muniiipal       Enginccrituj.       Indian- 

apolis,   Ind.,    25c. 

(61)  Prorccdinas.        Western        Railway 

Club.   225   Dearborn  St.,  Chicago, 
111..    25c. 

(62)  Industrial     \Vorld.     59     Ninth     St., 

Pittsburg,    Pa. 

(63)  Minutes  of  Proceedings,   Inst.   C.  E., 

Loudon,    England. 

(64)  Power.   Ntw   York   City,   20c. 

(65)  Official      Proceedings,      New      York 

Railroad    Club,    Brooklyn,    N.    Y., 
15c. 

(66)  Journal    of    Gas    Lighting,    Loudon, 

England,   15c. 

(67)  Cement      and      Engineering      News, 

Chicago,    111.,    25c. 

(68)  Mining  Journal,  London,  England. 

(70)  Engineering     Review,     New      York 

City,    10c. 

(71)  Journal,  Iron  and  Steel  Inst.,   Lou- 

don,  England. 
(7 la)    Carnegie      Scholarship       Memoirs, 
Iron     and     Steel     Inst.,     London, 
England. 

(73)  Electrician,    London,    England,    ISc. 

(74)  Transactions,     Inst,     of     Min.     and 

Metal.,    London,    England. 

(75)  Proceedings.   Inst,   of  Mech.   Engrs., 

London,    England. 

(76)  Brick.   Chicago,   111.,   10c. 

(77)  Journal.  Inst.  Elec.  Engrs.,  London, 

England. 

(78)  Beton   und  Eisen,  Vienna,    Austria. 

(79)  Forschcrurbeiten.    Vienna,    Austria. 

(80)  Tonindustrie    Zeitung,    Berlin,    Ger- 

many. 

(81)  Zeitschrift  fiir  Architektur  und  In- 

genieurwesen,     Wiesbaden,     Ger- 
many. 
(83)    Prooressive    Age,    New    York    City, 
15c. 


(84)  Le    Cinient.    Paris,    France. 

(85)  Proceedi7igs,   Am.   Ry.   Eng.   and   M. 

of  W.  Assoc,  Chicago,  111. 

(86)  Engineering-Contracting,      Chicago, 

in.,    lOc' 

(87)  Roadniastcr  and  Foreman,  Chicago, 

111.,   10c. 

(88)  Bulletin    of    the    International    Ry. 

Congress    Assoc,    Brussels,    Bel- 
gium. 

(89)  Proceedings,   Am.    Soc.   for   Testing 

Materials,    Philadelphia,   Pa. 

(90)  Transactions,        Inst.        of        Naval 

Archts.,    London,    England. 

(91)  Transactions,     Soc.     Naval     Archts. 

and    Marine    Engrs.,    New    York 
City. 

(92)  Bulletin.       Soc.        d'Encouragement 

pour  I'Industrie  Nationale,  Paris, 
France. 

(93)  Revue       de       Metallurgie,       Paris, 

France,  4  fr.  50. 

(94)  The  Boiler  Maker,  New  York  City, 

10c. 

(95)  International    Marine    Engineering, 

New  York  City.   20o. 

(96)  Canadian    Engineer,    Toronto,    Out., 

Canada,   15c. 

(97)  Turbine,  Berlin,   Germany,    1   Mark. 

(98)  Journal,      Efigrs.      Soc.      Pa.,      219 

Market  St.,  Harrisburg,  Pa.,  30c. 

(99)  Proceedings,  Am.  Soc.  of  Municipal 

Improvements,    New     York    City, 
$1.50. 

(100)  Professional     Memoirs,     Corps     of 

Engrs.,     U.     S.     A.,     Washington, 
D.    C,    $1. 

(101)  Metal     Worker,     New     York     City, 

10c. 

( 102)  0?77an     fiir       die    Fortschritte    des 

Eisenbahnwescns,  Wiesbaden, 

Germany. 

(lOi)  Mining  and  Scientific  Press,  San 
Francisco,  Cal.,  l()c. 

(104)  The  Surveyor  and  Municipal  and 
County  Engineer.  London,  Eng- 
land,   6d. 

(  105)  Metallurgical  and  Chemical  En- 
gineering, New  York  City,  25c. 


LIST  OF  ARTICLES. 

Bridges. 

A  Shallow-Floor  Concrete  Girder  Bridge.*  C.  L.  Slocum,  Assoc.  M.  Am.  Soc.  C.  E. 
(14)      Ftb.    4. 

The  Salisbury  Viaduct.*      (14)      Feb.    11. 

Designing  Concrete  Abutments  for  Steel  Highway  Bridges.*  H.  E.  Bilger.  (Ab- 
stract of  paper  read  before  the  111.  Soc.  of  Engrs.  and  Survs.)  (13)  Feb.  16; 
(86)    Feb.    15. 

A  Large   Scries  of  Full-Sized  Eye-Bar  Tests.*      (13)      Feb.   16. 

A   Through   Reinforced-Concrete   Arch   Bridge.*      E.   A.   Gast.      (13)      Feb.    16. 

Bridge  Work  on  the  Western  Maryland  Extension.*  George  L.  Fowler.  (IS) 
Feb.    17. 

The  Grafton  Bridge  at  Auckland,  New  Zealand.*     Walter  E.  Bush.      (14)      Feb.  18. 

A  Difficult   Double  Track   Skew  Crossing.*      (14)      Feb.    IS. 

The  Fifth  Avenue  Viaduct   at  Seattle.*      (14)      Feb.   18. 

Methods  and  Co.st  of  Reinforcing  a  Steel   Bridge  with  Concrete.*      (86)      Feb.   22. 

The  Hackensack   River    Bridge    Piers.*      (14)      Feb.   25. 

The  Beaver  Bridge  Main   Post  and   Rocker  Bearing.*      (14)      Feb.   25. 

Building  a  Concrete  Bridge  under  Difficult  Conditions.*  W.  M.  Denman.  (14) 
Feb.   25. 


'Illustrated. 
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Bridges— (Continued). 

Arch-HridKe  with  Sidewalks  through  the  Abutments.*      (14)      Feb.   25. 

Remplacement  de  Fonts  Inf^rieure  en  Fonte  par  des  Fonts  en  Poutrelles  EnrobSes.* 
M.    Bailing.      (38)      Feb. 

Zelchnerisches  Verfahren  zur  Ermittlung  der  Einflusslinien  des  eingespannten 
Bngens.*      Chr.    Vlachos.      (78)      Serial   beginning   Jan.    18. 

Die  Eisenbetonbogenbriiekon  der  Eisenbahnlinie  Klaus-Agonitz.*  {S3)  Serial  be- 
ginning Jan.   20. 

Ueitrag   zur   Bewertung   der   Wiegebriicke.*      L.    Schaller.      (48)      Jan.    28. 

Ueitrag  zur  Berechnung  eingespannter  Bogen.*  F.  Baumstark.  (78)  Serial  be- 
ginning  Feb.    1. 

Fussgangerbriicke  iiber  die  Foststrasse  in  Myslowitz  O.-Schl.*  Egil  Magelssen. 
(78)      Feb.    1. 

Frankreichs   Briicken   Im   Stadteblld.*     Chr.   Klaiber.      (51)      Feb.   8. 

Die  Talbriicken  der  Nebenbahn  Schorndorf,  Welzheim.*  Jori  und  Schachterle. 
(78)      Serial   beginning  Feb.   13. 

Electrical. 

High-Tension     Testing     of     Insulating     Materials.*     A.     B.     Hendricks,     Jr.      (42) 

Feb. 
Surging  of  Synchronous   Machines.*     Ernst  J.   Berg.      (4)      Feb. 
Oil-Break   Circuit   Breakers.*     E.    B.    Merriam.      (42)      Feb. 
Voltage  Regulation  of  Generators.*     H.  A.  Laycock.      (42)      Feb. 
The  Regulation  of  Distributing  Transformers.*     C.   E.  Allen.      (42)      Feb. 
Economic  Limitations  to  Aggregation  of  Fower  Systems.*      Robert  A.   Philip.      (42) 

Feb. 
Electric   Light  and   Water-Works   Plant   at  Holland,    Mich.*      (27)      Feb.    2. 
Oil-Fuel    Generating    Station    and    1  200-Volt    Direct-Current    Substation    at    Fruit- 
vale.   Cal.*      (27)      Feb.    2. 
Power    Networks.     J.    R.    Dick.      (73)      Feb.    3. 
The   Measurement    of   Energy    Losses    in    Condensers    Traversed    by    High-Frequency 

Electric    Oscillations.      J.    A.    Fleming    and    G.    B.    Dyke.      (Abstract    of    paper 

read   before   the  Physical   Soc.)      (73)      Feb.    3. 
Hand    Controllers    for    Multi-Speed    Induction    Motors.*     R.    H.    Fenkhausen.      (64) 

Feb.   7. 
The   Design   of   Induction    Motors.*     W.    E.   Highfield    and    R.    Livingstone.      (Paper 

read   before  the   Dick,    Kerr   Eng.    Soc.)       (73)      Feb.    10. 
Electricity   in  the  Machine  Shop.*     C.  W.   Johnson.      (Paper  read  before  the  Metal 

Trades   Superintendents   and   Foremen's   Club.)      (47)      Feb.    10. 
New  Station  of  the  San  Joaquin   Light  &  Power  Company.*     G.   S.   Hewins.      (14) 

Feb.     11. 
Station  of  the  Middletown    (Conn.)    Electric  Light  Company.*      (27)      Feb.    16. 
Relative    Efficiency    of    Light    Production    by    Constant    Temperature    and    Variable 

Temperature      Incandescent      Lamp      Filaments.*      Evan      J.      Edwards.      (27) 

Feb.    16. 
An   Alternator  for  Direct   Production   of  Electric  Waves   for  Wireless   Telegraphy.* 

R.    Goldschmidt.      (73)      Feb.    17. 
An    Apparatus    for   the    Measurement    of   Alternate    Currents    by    the    Compensation 

Method.      A.    Larsen.      (Abstract    from   Elek.    Zeit.)       (73)      Feb.    17. 
Some   Observations    on    the   Attack   of    Poles   by    Woodpeckers.*      Howard   F.    Weiss. 

(13)      Feb.    23. 
Specifications  and  Tests  for  Insulating  Tape.     William  P.  Munger.      (27)      Feb.  23. 
Electric   Service  Around   Chicago.*      (27)      Feb.    23. 
A   Method  for  Studying  the  Internal   Inductance  of  Linear  Conductors.*     Frank  F. 

Fowle.      (27)      Feb.    23. 
Protection   of  Electrical  Transmission   Lines.*      E.    E.   F.    Creighton.      (42)      Mar. 
Tests    of    Grounded    Phase    Protector    on    the    44  000-Volt    System    of    the    Southern 

Power  Company.*      C.   I.   Burkholder  and  R.  H.   Marvin.      (42)      Mar. 
Reinforced-Concrete    Electric-Lamp    Poles    for    St.    Marys    Falls    Canal,    Michigan.* 

L.    C.    Sabin,    M.   Am.    Soc.    C.    E.      (13)      Mar.    2. 
Fixation    de    I'Azote    Atmospherique    au    Moyen    de    TElectrlcitS.*     Ph.    Ouspensky. 

(31)      1910,    Ft.    4. 
Lampe    Electrique    k    Vapeur    de    Mercure,    Systfime    Silica    k    BrQleur    en    Quartz.* 

Maurice  Leblanc,    fils.      (33)      Jan.    21. 
Les  Progrfis  Recents  de  la  Telegraphic  sans  Fil  en  France  et  a  I'Etranger.*      (33) 

Serial   beginning   Feb.    4. 

Marine. 

Proposed    Applications    of    Electric     Ship     Propulsion.*      W.    L.     R.     Emmet.      (42) 

Feb. 
Clyde  and  Tyne  Shipyard  Extensions.*      (12)      Serial  beginning   Feb.  10. 
Das  moderne  Unterseeboot.*     H.  Vogel.      (48)      Serial  beginning  Feb.   18. 

♦Illustrated. 
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Mechanical. 

All    AutoKraphic  Rubber-TestlnK  Machine.*      Thorsten   Y.   Olsen.      (89)      Vol.    10. 
A    Now   Machine  for  Testing   Pitch.*      Thorsten    Y.    Olsen.      (89)      Vol.    10. 
Comparative   Tests   of   Lime   Mortar,    Both    in    Tension    and    Couipresison  ;    Hydrated 

Limo    and    Sand ;    Lump    Lime    and    Sand  ;    Cement-Lime    and    Sand.*      E.    W. 

Lazell.      (89)      Vol.    10. 
A  Comparison  of  Magnetic  Permameters.*      Charles  W.  Burrows.      (89)      Vol.   10. 
Improved    Instruments    for    the    Physical   Testing   of    Bituminous    Materials.*     Her- 
bert Abraham.      (89)      Vol.   10. 
The  Scleroscope.      Albert  F.    Shore.      (89)      Vol.    10. 
The  600  000-lb.   Hydraulic  Testing  Machine  of  the   University  of  Wisconsin  and   its 

Calibration.*      H.   F.    Moore   and    M.    O.   Withey.      (89)      Vol.    10. 
Necessary  Reforms  in  Specifications  for  Petroleum  Products.     Albert  Sommer.      (89) 

Vol.    10. 
Some    Testing-Laboratorj'    Accessories.*     J.    M.    Porter.      (89)      Vol.    10. 
Apparatus  for  Repeated  Loads  on  Concrete  Cylinders  and  a  Typical  Result.*     H.  C. 

Berry.      (89)      Vol.    10. 
Report    of    Comm.    on    Standard    Tests    for    Lubricants.      (Amer.    See.    for    Testing 

Materials.)*      (89)      Vol.    10. 
Some  Applications   of   Electricity   in  the   Iron   and   Steel   Industries.*     Brent  Wiley. 

(98)      Jan. 
Gas  Fires  and  Chimney  Flues.*     E.  W.  Browning.      (Paper  read  before  the  London 

and    Southern    District   Junior   Gas   Assoc.)       (66)      Jan.    31. 
Properties    of    Dry.    Saturated    and    Unsaturated    Air    with    Application    to    Cooling- 
Tower    and     Evaporative    Surface    Condenser    Calculations.      George    Frederick 

Gebhardt.      (3)      Feb. 
Improvements  in  Transportation  Equipment,  Panama  Canal.      (87)      Feb. 
.Methods  and   Costs   of   Unloading  Railway   Rails.      D.   A.  ■  Wallace.      (87)      Feb. 
Cutting   With    the   Oxy-Acetyleno   Torch.*      J.    F.    Springer.      (94)    Feb.  ;     (25)    Feb. 
Suggestions     for     Making     Dimensions     of    Boilers     Standard.      Geo.     R.     Richardson. 

(Paper   read   before  the  Amer.   Inst,    of   Steam   Boiler   Inspectors.)       (94)      Feb. 
Short  Talk  on   Refractories.      H.   A.   Phillips.      (76)      Feb.   1. 
Steam  Turbines  vs.  Producer  Gas  Engines.      (96)      Feb.   2. 
Hydraulic   Hoists   on   a   New   Principle.*      (47)      Feb.    ?>. 
Improved  Type  of  Flottmann  Hammer  Drill.*      (22)      Feb.    3. 
The    Brimsdown    Metal-Filament   Lamp    Works.*      (26)      Feb.    3. 
16    Horse-Power    Motor    Car    With    Self-Starting    Gear.*      (11)      Feb.    3. 
Autogenous    Welding    By    Means    Of    Oxy-Acetylene    Blow    Pipes.     J.    A.    Warfe!. 

(Abstract    of    paper    read    before    Technlscher    Verein    of    Pittsburgh.)      (62) 

Feb.    6. 
Boilers   and    Piping  of  Wieboldt   Bldg.*      Osborn   Monnett.      (64)      Feb.    7. 
The  Steam  Turbine  in  Germany.*      F.   E.   Junge  and  E.  Heinrich.      (64)      Feb.    7. 
The    "Automaton"    Lamplighter.*      (66)      Feb.    7. 
The    Chemical    Control    of    Gas-Works.      John    T.    Sheard.      (Paper    read    before    the 

Manchester  and   District   Junior  Gas  Assoc.)       (66)      Feb.   7. 
Layout  and  Operation  of  a  Cement  Drain  Tile  Plant.*      C.  M.  Powell.      (Paper  read 

before   Nat.   Assoc.   Cement   Users.)       (86)      Feb.    8. 
Thp  Detroit  Stoker:  A  New  Automatic  Coal  Feeding  Device.*      (20)      Feb.   9. 
Congressional   Power  Plant  at  Washington.*      M.    C.   Turpln.      (27)      Feb.    9. 
The     "Michell"      Footstep     and     Thrust     Bearings.*      T.      Campbell      Futer.s.      (57) 

Feb.    10. 
The  Fiddes-Aldridge   Retort-Stoking   Machine.*      (11)      Feb.    10. 
The  No.   4  Universal   Portland  Cement  Mill.      (14)      Feb.   11. 
Modern   Boiler  Plant,   Holyoke,    Mass.*      Warren   O.    Rogers.      (64)      Feb.    14. 
Firing   Boilers   With   Pulverized   Coal.*      W.    S.    Worth.      (64)      Feb.    14. 
Practical     Hints     on     Retort-Settings     and     Appliances     Connected     Therewith.*      T. 

Brooke.      (Paper     read     before     the     Midland     Jun.     Gas     Eng.     Assoc.)       (66) 

Feb.    14. 
Gas  Plant  in  the  City  of  Mexico.*      C.  D.  Lamson.      (83)      Feb.  15. 
Motors   for   Driving   Main   Rolls  of  Mills.*      (20)      Feb.    16. 

The  Moodie   "Selector"   for  the  Separation   of  Fine   Material.*      (13)      Feb.   IC. 
Additions   to    Commerce    Street    Power    Station,    Milwaukee.*      (17)    Feb.    18;     (27) 

Feb.    16. 
The  New   York  Central   Power  Plant  at  West  Albany.*      (14)      Feb.   18. 
Draining   Compressed   Air.      Frank    Richards.      (14)      Feb.    18. 
Use    of    Oil    in    Zinc    Smelters,    Successfully    Substituted    for    Gas    at    Joplin.      (62) 

Feb.    20. 
The    Browning    Railroad    Ditcher:    A   Versatile    Machine.      (62)      Feb.    20. 
Efllciency  of  Live  Steam  Feed  Heater.*      A.  H.  Gibson.      (64)      Feb.   21. 
Hating  of  Gas  and  Water  Undertakings,  With  an  Outline  of  General   Procedure  Out- 
side   the     Metropolis.      Arthur    Valon,     Assoc.     M.     Inst.     C.     E.      (66)      Serial 

beginning    Feb.    21. 
Recent  .Motor  Trucks;   their  Adaptability  to  Contractors'  Haulage.*      (86)      Feb.   22. 
The   Browning   Pile   Driver.*      (20)      Feb.    23. 


*  Illustrated. 
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Mechanical-  (Continued). 

Use  of  Flywheel  Set  to  Equalize  Ore-Dock  Loads  on  Central-Station  System.*      (27) 

Feb.    23. 
The  Air-Compressor  Plant  for  Driving  the  Moodna   Siphon  on  the  New  York  Aque- 
duct.     (Abstract   from   Uline   and   Quari-i/.)      (13)      Feb.    23. 
Exeavatinf    Machinery    for    Ditching    and    Trenching.*     E.    E.    R.    Tratman,    Assoc. 

M.  Am.  Soc.  C.  E.      (Abstract  of  paper  read  before  the  IlL  Soc.  of  Engrs.  and 

Survs.)       (13)      Feb.    23. 
A    Pneumatic   Ash-Handling   System.*      (17)      Feb.    25. 
Additions  to  Hartford  Power  Plant.*     H.  R.   Callaway.      (64)      Feb.  28. 
Dissipation    of    Heat    From    Self-Cooled,    Oil    Filled    Transformer    Tanks.*     J.    J. 

Frank    and    H.    O.    Stephens.      (42)      Mar. 
A   Monorail   Grab   Bucket   Coal   Hoist.*      (20)      Mar.    2. 
Washing   Dust    and   Smoke   from   Chimney   Gases   at  York,    England.*     John    C.    B. 

Kershaw.      (13)      Mar.    2. 
Canadian   Pacific   Grain   Elevator.*      (15)      Mar.   3. 

La  Turbine  a  Vapeur  Melms-Pfenninger.*     Ch.   Dantin.      (33)      Jan.   28. 
Les    Progrfis    de    TAutomobilisme    en    1910.*     P.    Drouin.      (.33)      Serial    beginning 

Jan.    28. 
Rapport  sur  le  Compresseur  d'Air  de  M.  Delsuc.      (92)      Dec. 
Sur  le   Calcul   et   I'Etude  des  Aeroplanes.*     R.   Tison.      (37)      Jan.    31. 
Ueber  einige  Begleiterscheinungen  helm  Betrieb  von  Dampfturbinen.*     Kroner.      (97) 

Serial  beginning  Jan.  20. 
Ueber  den  Antrieb  von   Kreiselwippern.*      (53)      Serial  beginning  Jan.   20. 
Sicherheitsventil   zwischen   Wasserleitung   und   Windkessel   der  Wasserkrane.*      Chr. 

Ph.    Schafer.      (102)      Feb.   1. 
Verbindung    einer    Hangebahnanlage    mit    einer    Kupolofen-Begichtungseinrichtung.* 

Ernst  A.   Schott.      (50)      Feb.   2. 
Versuche    an    einen    4  000    pferdigen    elektrisch    angetriebenen    Turbinenkompressor 

der  Bauart  Pokorney  &  Wittekind.*     Langer.      (48)      Feb.  4. 
Die     Konstruktion     praktisch     vollkommener    Francislaufrader ;    Ein    Ergibnis     der 

Stromungsuntersuchung       in        verschaufelten        Rotationshohlraumen.*     Hugo 

Marschner.      (97)      Feb.    5. 
Ueber  ein   neues   Gasreinigungsverfahren.*     Friedrich   Miiller.      (50)      Feb.    9. 
Abdampfverwertungsanlagen.*     Grunewald.      (48)      Serial    beginning    Feb.    11. 
Roheisenmischer    und    ihre    Anwendung    im    Eisenhiittenbetriebe.*     Oscar    Simmers- 
bach.      (50)      Feb.    16. 
Achsenregler   mit   wahrend    des    Betriebes    zu   bedienender   Verstellung   der    Umlauf- 

zahl.*     Karl    Kaiser.      (48)      Serial    beginning    Feb.    18. 

Metallurgical. 

The  Welding  of  Blowholes   in   Steel.*      Henry   M.   Howe.      (89)      Vol.    10. 
Further   Notes   on   the  Annealing  of   Steel.*     William   Campbell.      (89)      Vol.    10. 
The  Influence   of  Titanium  on   Segregation  in  Bessemer-Rail   Steel.*     G.   B.   Water- 
house.      (89)      Vol.    10. 
Apparatus    for   the    Microscopical    Examination    of    Metals.     Albert    Sauveur.      (89) 

Vol.    10. 
Recent    Cyanide    Practice    at    the    Montezuma,    Costa    Rica.*     S.    F.    Shaw.      (103) 

Jan.    28. 
Crushing  at  Cyanide  Plants.     Mark  R.   Lamb.      (16)      Feb.   4. 
A    New    Critical    Point    in    Copper-Zinc    Alloys.*      H.    C.    H.    Carpenter    and    C.    A. 

Edwards.      (Paper   read   before  the   Inst,   of   Metals.)       (11)      Feb.    10. 
An   Improved  Zinc-Dust  Feeder.*      Claude  T.   Rice.      (16)      Feb.  18. 
Cyanide  Treatment  of   Concentrates.*      (16)      Feb.    18. 

Upward  Leaching  of  Sand   (Cyanide  Plants).      H.  T.  Durant.      (16)      Feb.  25. 
Les   Alliages   Pseudo-Binaires.*     A.    Portevin.      (93)      Jan. 
Synthase  du  Fer   M6t6orique.*     Carl   Benedicks.      (93)      Jan. 
Recherche   sur   les   Gaz   Occlus   Contenus   dans   les   Alliages   de   Cuivre.*     G.    Guille- 

min    et    B.    Delachanal.      (93)      Jan. 
L'Utilisation  de  la  Chaleur  dans  les  Fours  et  Proc6d6s  Metallurgiques.     B.  Pomerant- 

zeff.      (93)      Feb. 
Das    Elektrostahlwerk    des    Eicher    Hiittenvereins    Le    Gallais,    Metz    &    Cie.*     E. 

Bian.      (50)      Feb.    9. 

Military. 

An  Electric  Recording  Rifle  Range  Target.*      (46)      Feb.   11. 

Mining. 

Consolidated    Fuel    Co.,    Utah.*      (45)      Feb. 
Del    Carmen   Zinc   Mine.*      (45)      Feb. 

Principles    of   Electric    Blasting.*      W.    G.    Hudson.      (45)      Feb. 
Three-Wire   Mine   Service.*      J.    M.    Hunt.      (45)      Feb. 

Steel    Supports    in    Coal    Mines.*     R.    B.    Woodworth,    M.    Am.    Soc.    C.    E.      (45) 
Feb. 

•Illustrated. 
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Mining:  - 1  Continued.) 

Conl    Mino    Transportation.*      E.    It.    W.       (45)      Feb. 

The  Siphon    in   Mining.*      J.   T.    Heard.      (45)      Feb. 

Underground   Signalling   from   Power  or  Lighting   Mains.*      (22)      Feb.   3. 

EI«trle    Power    in    Collierie,-;.      Jan-.es    Miller.      (Paper   read   before   the   Rugby    Eng. 

See.)       (47)      Feb.    .3. 
The  Holden   Tunnel  at  Tintic*      Edward  R.   Zalinski.      (16)      Feb.  4. 
Sluleing    at    the    Kokhan     Mines,    East    Siberia.*      Chester    W.     Purington.      (103) 

Serial    beginning    Feb.    4. 
Coal  Mine  Surveying  and  Engineering.      (Abstract  of  Report  to   Indiana  Engineering 

Society.)       (13)      Feb.    9. 
Electric    Pumping   Problem.*      Max   .T.    Welch.      (103)      Feb.    11. 
p:mpire   .Mines   Cyanide   Plant.*      Frank   C.    Landguth.      (103)      Feb.    11. 
Gold   Dredging   in   French   Guiana.*      Leon    Delvaux.      (16)      Feb.    11. 
Notes  on   the   Rand   Gold    Mines.      Robert   Peele.      (16)      Feb.    11. 
Air   Currents   and    Shaft    Plumb    Lines.*      George   C.    McFarlanc.      (16)      Feb.    11. 
The  Use  of  Electricity  in  Mines.      (Report  of  Dept.  Comm.  of  Great  Britain.)       (73) 

Feb.   17  ;    (57)    Feb.    17. 
The    Electrilication    of    the    Underground    Machinery    at    Trimdon    Grange    Colliery.* 

Simon    Tate.      (Paper    read    before    the    North    of    England    Inst,    of    Min.    and 

Mech.    Engrs.)       (22)      Feb.    17. 
Increasing   Efficiency   of   Labor   Underground    in   Transvaal.      (86)      Feb.    22. 
Steam    Shovel    Work    on    Mesabi    Range    (Removing    Ore).*      Albert    H.    Fay.      (16) 

Feb.    25. 
Method  of  .Mining  Swedish   Iron   Ores.*      (16)      Feb.   25. 
Hindered  Settling  Classifiers.*      Robert  H.  Richards.      (16)      Feb.   25. 
Sampling  Placer  Ground.*      J.    P.   Hutchins  and   N.    C.   Stines.      (103)      Feb.   25. 
Modern  Coal  Cutting  Machinery  and  Mine  Railways.*      (19)      Feb.  25. 
Notes   on    Mine   Sampling.*      Glenn    Anderson.      (16)      Mar.    4. 
Insulation  of  Cables  in   Mines.      Sydney  F.   Walker.      (16)      Mar.   4. 
Le  Dragage  de  I'Or  en  Guyane  Frangaise.*      Leon   Delvaux.      (33)      Feb.   4. 

Miscellaneous. 

Simplicity  in  the  Measures  of  Physical   Quantities.     Carl   Hering.      (3)     Feb. 

The  Use  of  Diagrams  for  Solving  Engineering  Formulae.*     Gordon   F.  Dodge.      (4) 

Feb. 
Depreciation   of  Buildings   and   Machinery.      (14)      Feb.    11. 
Methods    and    Cost    of    Filling    bv    Hydraulic    Dredging ;    Lincoln    Park    Extension, 

Chicago.    111.*  ■    (86)      Feb.   22. 
The  Work  of  a  Forest  Engineer.*      A.   H.  D.   Ross.      (Paper  read  before  the  Engrs. 

Club,    Toronto.)       (96)      Feb.    23. 
La    Documentation    et    I'lndustrie.*      Paul    Renaud.      (32)      Nov. 

Municipal. 

The  "Elephant"   Subways.*      (12)      Feb.   3. 

Road  Maintenance  in  Cornwall.  A.  E.  Brookes.  (Paper  read  before  the  Cornwall 
County    Council.)       (104)      Feb.    3. 

Road  Work  in  Allegheny  County,  Pa.,  Including  the  Detailed  Cost  of  Four  Brick 
Surfaced    Roads.*      (86)      Feb.    8. 

The  Relation  Between  Modern  Traffic  and  the  Alignment  and  Profile  in  Highway 
Design.  Henry  B.  Drowne.  (Paper  read  before  the  Amer.  Assoc,  of  Sci.) 
(86)      Feb.    8. 

Definitions  and  Discussion  of  Various  Bituminous  Materials  used  in  Road  Con- 
struction   and    .Maintenance.      (86)      Feb.    8. 

A  Comparison  of  English  and  American  Traffic  Regulations.  Arthur  H.  Blan- 
chard  and    Henry   B.    Drowne.      (104)      Feb.    10. 

Meadow  Roads  as  Constructed  in  Southern  New  Jersey  Counties.  E.  D.  Right- 
mire.  (Paper  read  before  the  New  Jersey  State  Association  of  County  Engi- 
neers.)      (13)    Feb.   9;    (14)    Feb.    11. 

Method  and  Cost  of  Constructing  a  Macadam  Road  in  Fine  Grained  Loose  Soil 
Subject  to   Erratic   Drainage  Conditions.*      (86)      Feb.   15. 

Methods  and  Cost  of  Constructing  an  Asphalt  Surface  Drive  and  Novel  Form  of 
Concrete    Curb    in    Lincoln    Park,    Chicago.*      (86)      Feb.    15. 

Cracking  of  Cement  Grouted  Brick  Pavements,  Causes  and  Remedies.  Earle  R. 
Whitmore.      (Paper   read   before   the  Mich.   Eng.   Soc.)       (86)      Feb.    15. 

Report  on   London   Traffic*      (12)      Feb.    17. 

Experimental  Work  of  the  Illinois  Highway  Commission  in  the  Use  of  Bituminous 
Compounds  in  Macadam  and  Earth  Road  Construction.*  T.  R.  Agg.  (Paper 
read  before  the  111.    Soc.   of  Engrs.   and    Survs.)       (86)    Feb.    22;    (13)    Mar.    2. 

The  Collinsville  and  East  St.  Louis  Road.*  A.  N.  Johnson.  (Paper  read  before 
the  III.   Soc.  of  Engrs.  and  Survs.)       (14)      Feb.   25. 

Concrete   Pavements    in    Kansas   City,    Mo.      (14)      Feb.    25. 

♦Illustrated. 
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Municipal— (Continued). 

Method  of  TakniL;  Traffic  Census  on  Highways.  Arthur  H.  Blanchard,  M.  Am. 
Soc.  C.  E.,  and  Irving  W.  Patterson.  Jun.  Am.  See.  C.  E.  (Paper  read  before 
the  Amer.  Assoc,  for  the  .Vdvancement  of  Sci.)       (13)    Mar.  2;    (104)    Feb.  17. 

Arguments  tor  Bituminous-Bound  Macadam  Built  by  the  Penetration  Method. 
T.    Warren    Allen.      (14)      Mar.    4. 

Ddberitzer   Heerstrasse.*     Frey.      (49)      Pt.    1-3. 

Railroads. 

Vermillion    Paint    for    Railway    Signals:    Results    of   an    Investigation.      Robert    Job. 

(89)      Vol.    10. 
Unevenly   Chilled   and   Untrue   Car   Wheels.*      Thomas   D.   West.      (89)      Vol.    10. 
Low-Carbon   Streaks   in   Open-Hearth    Rails.*      M.    H.   Wickhorst.      (89)      Vol.    10. 
Elongation  and   Ductility  Tests  of  Rail   Sections  Under  the  Manufacturers'   Standard 

Drop-Testing    .Machine.*      P.    H.    Dudley.      (89)      Vol.    10. 
Standardization   of  Chilled   Iron   Car  Wheels  With  Reference  to   Service  Conditions.* 

W.    S.    Killam.      (61)      Jan. 
.\ir  Hose   Failures.*      R.   W.    Burnett.      (25)      Feb. 
(leneral   Lay-Out   for   a   Modern   Locomotive   Repair   Plant.*      H.   H.    Maxfield.      (65) 

Feb. 
The  Water   Supply   of  a  Great    Railway.*      Hewitt    Beames.      (21)      Feb. 
.\ew  Cylinder  Arrangement  for  Locomotives;  Northern  of  France  Railway.*     Charles 

R.    King.    M.    I.    C.    E.      (21)      Feb. 
New    Self-Discharging    Hopper    Ballast    Car.*      (25)      Feb. 
New  Frisco  Locomotive   for   Pusher   Service.*      (25)      Feb. 
The  General  Oil  House  of  the  Santa  Fe.*      (25)      Feb. 

4-6-2    Locomotive    for    Chicago    and    Northwestern    Trainshed    of    the    New    North- 
western   Passenger    Station    at   Chicago.*      (87)      Feb. 
Permanent  Way  of  the  Central  South  African   Railways.*      (21)      Feb. 
Methods  and  Costs  of   Unloading  Railway  Rails.      D.   A.  Wallace.      (87)      Feb. 
.New    "Pacific"    Type    Compound    Locomotive;    State    Railways    of    France.*      (21) 

Feb. 
The  Top  Heading  and  Bottom  Heading  Methods  of  Attack  in  Tunnel   Construction.* 

(87)      Feb. 
The  Belgian  Method  of  Testing  Locomotives  While  Running.*      Joseph  Doyen.      (88) 

Feb. 
.Note  on  the  General  Adoption  of  Certain  Essential  Signalling  Principles.*      L.   Kohl- 

furst.      (88)      Feb. 
The  Electrification   Problem  on  Trunk-Line  Railways.     A.   D.   Williams.      (9)      Feb. 
Manganese  Crossings  for  Steam   Railways.*      (87)      Feb. 
Feed-Water  Heating  on  Locomotives.*      (II)      Serial  beginning  Feb.   3. 
Live  Steam  Feed  Heating    (Locomotives).      A.   H.   Gibson.      (12)      Feb.   3. 
A    Discussion   of    the    Depreciation    Problem   with    Particular    Reference   to    Electric 

Railways.      William  B.  Jackson.      (86)      Feb.   8. 
Four-Cylinder  Compound  Locomotive,   Chemin  de  Fer  du  Nord.*      (12)      Feb.   10. 
Cumberland-Connellsville  Connection  of  the  Western  Maryland.*      George  L.  Fowler. 

(15)      Feb.   10. 
Mallet  Locomotive  With  Articulated  Boiler  Rebuilt  From  Old  Power.*      M.  H.  Halg. 

(15)      Feb.  10. 
Improvements  on  the  Lehigh  Valley  Transit  System.*      (17)      Feb.   11. 
The   Physical   Valuation   of   Railroads   in    South   Dakota.      (14)      Feb.   11. 
The  Bergen-Christiania  Railway,  A   Recently   Completed   Scandinavian  Line.*      (19) 

Feb.  11. 
Pan-American  Railway.      (18)      Feb.  11. 
Electric   Car   Lighting.      D.   F.    Crawford.      (19)      Feb.    11. 

Pacific  Type  Superheater  Locomotiv'e;    Chicago  &   North  Western.*      (15)      Feb.   17. 
Performance   of    4-Cylinder   Balanced    Simple   Locomotive   With    Superheater.      (47) 

Feb.  17. 
Recent  Progress  in  Air  Brake  Apparatus.     S.   W.   Dudley.      (Abstract  from  Electric 

Journal.)       (18)      Feb.    18. 
Recent  Progress  in  Car  Painting.      F.   A.   Elmquist.      (17)      Feb.   18. 
Steel    Frame   Box   Cars.*      (18)      Feb.    18. 
Results    of    Tie    Preservation    and    Methods    of    Keeping    Records.*      F.    J.    Angier. 

(Abstract  of  paper  read  before  the  Wood  Preservers'  Assoc.)       (18)      Feb.  18. 
A  Remarkable  High  Power  Electric  Locomotive.*      (19)      Feb.  18. 
Trainshed  of  the  New  Northwestern  Passenger  Station  at  Chicago.*      (86)      Feb.  22. 
The  Depreciation  Problem.      William  B.  Jackson.      (96)      Feb.  23. 
Prentice  Wireless  Train   Control.*      (96)      Feb.    23. 
Baton   Rouge  Cut-Off ;    Southern   Pacific*      (15)      Feb.   24. 
Mallet  Locomotives  on   the  Santa  Fe.*      (15)      Feb.   24. 
Belt   Lines   of   the   Chicago   &    North    Western    at    Chicago    and    Milwaukee.*      (15) 

Feb.  24. 
Superheated   Steam    in   Locomotive    Service.     W.    F.    M.    Goss.      (Paper    read    before 

the  Am.   Ry.   Master  Mechanics'   Assoc.)       (15)      Feb.    24. 

♦Illustrated. 
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Vallroads-  vCoMUnued). 

Locomotive  V>lve  Lubrication*      W.  O.  Taylor.      (Abstract  of  paper  read  before  the 

t'oiitraiJ    Ky,    ('lub.)       (IS)       Feb.    25. 
Tuiiiul    Ventilation.*      Arthur    Hitter.      (70)      Mar. 
I'reipht  Train  Itesistanee  :    Its  lielation  to  Average  Car  Weight.      Edward  C.  Schmidt. 

(Abstract   from   HiiL.   fniv.   of   III.)       (86)      Mar.    1. 
Shop  Improvements  at   Huntington,  W.  Va.  ;  Chesapeake  &  Ohio.*      (15)      Mar.  3. 
Mavana   Passenger   Station.*      (IS)      Mar.   3. 
Indianapolis,     New    Castle    &    Toledo     Electric     Railway.*      Paul     H.     White.      (17) 

.Mar.   -1. 
IJail   Corrugations.*      K.   Sieber.      (17)      Mar.    4. 
Ventilation    of    the    Hudson    Tunnels.       (14)       Mar.    4. 
The   Electrification   of  the   Hoosac   Tunnel.      (14)      Mar.   4. 
Limites  de  Fle.\ibilite  des  Uessorts   et  Limites  de  Vitesses  du  Matfiriel  des  CheminS 

de   Fer.*      Georges    Marif.      (32)      Nov. 
Chemin  de  Eer  du  Yunnan    (Chine)  ;   Consolidation   d'une  "Br^che"   au  km.  94.820.* 

Dufour.      (43)      Nov. 
l.ipne  de   Moutiers  a   Bourg-Saint-Maurice.    Note  sur   le  Souterrain   de  la   Saucette.* 

V.   Guillermin.      (43)      Nov. 
Rapports   sur  le  Freinage  k   Main   des   Trains   de   la   Compagnie  du   Midi   et  sur  les 

-Modifications   it    Apporter    au.x    Regies    de    Freinage    Etablies    par    la    Circulaire 

Ministerielle    du    (i    juillet    1901.*      M.    F.    Mai.son.      (43)      Nov. 
Le  Chemin  de  Fer  du  Yunnan   (Chine).*      A.  Le  Vergnier.      (33)      Jan.  21. 
Locomotive    a    Adherence    Supplementaire.    Syst&me    Hanscotte ;    Chemin    de    Fer    de 

Clermont-Ferrand    au    Puy-de-D6me.*      (35)      Feb. 
Eiitstiiubungsanlagen   fiir   Personenwagen.*      C.   Guillery.      (102)      Jan.   15. 
\'()rrichtung   zum   Verla  ien   vou   Lokonioiivasche.      Keller.      (102)      Feb.    1. 
Fahrbahnbefestigung     auf     Wegiibergangen     in     Schienenhohe.*      Sandkamp.      (102) 

Feb.    1. 
Neuere  Erscheinungen  im  Lokomotivbau  nach  der  Ausstellung  von  St.  Louis   (1904). 

Stockert.      (53)      Feb.    3. 
Die  selbsttatige  Scharfenberg-Kuppelung.*      Sausse.      (102)      Feb.    15. 

Railroads,  Street. 

Elevated    Railways    of    Chicago.*       (21)      Feb. 

City  Transportation   Problems  :  A  Report  by  Bion  J.  Arnold  on  the  Pittsburg  Situa- 
tion.     (13)      Feb.    9;    (17)    Feb.    11. 
Transition   Curves   in   Tramway   Tracks.*      John   A.   Main.      (11)      Feb.    10. 
Snow-Fighting  Equipment  for  the  Brooklyn  Rapid  Transit  System.*      (17)      Feb.  11. 
Automatic    Block     Signals    for    Electric     Railways.*      W.     K.     Howe.      (Abstract    of 

paper  read  before  the  Public  Service  Comm.)       (17)      Feb.  11. 
Transportation   in   the   Pittsburgh   District.*      (14)      Feb.   11. 
Recommended   Plan  and   Estimates  of  Cost  for  a  Passenger  Subway  System   for  the 

City    of    Chicago.*      Bion    J.    Arnold.      (Abstract    of    Report    to    City    Council). 

(86)      Feb.   15. 
The   Proposed   Subway   System  for  Chicago.*      (13)      Feb.    23. 
The    Simultaneous    Installation    of    Seven    High-Tension    Submarine    Cables.*      (17) 

Feb.  25. 
Method  and  Cost  of  Street  Railway  Track  Reconstruction  with  Carnegie  Steel  Ties  in 

Concrete.*      J.   C.   Lathrop.      (86)      Mar.   1. 
Renewals    as    Defined    by    the    Board    of    Supervising    Engineers ;    Chicago    Traction. 

(17)      Mar.  4. 
Die  elektrische  Untergrundbahn   der  Stadt  Schoneberg.*      (49)      Pt.   1-3. 

Sanitation. 

Disinfection  of  Sewage  and  Sewage  Filter  Effluents.  Earle  B.  Phelps.  (Paper  read 
before  the   Boston    Soc.   of   Civ.    Engrs.)       (1)      Jan. 

Sanitary  Drinking  Fountains.*      (70)      Feb. 

Sprinkling  Filter  Plant  for  Suburb&n  Community.*  Paul  Hansen,  Assoc.  M.  Am. 
Soc.    C.    E.      (From   .V iixicijKil   Journal   and   Engineer.)       (96)      Feb.    2. 

The   Installation  of  an    Incinerator.      J.   A.    Stewart.      (96)      Feb.    2. 

Typical  Soil  Stack  Tests  in   Washington.*      A.   R.   McGonegal.      (101)      Feb.  4. 

A  Recommended  Design  for  and  Method  of  Constructing  and  Operating  a  Sewage 
Disposal    Plant   for    Private   Houses.*      (86)      Feb.    8. 

Speclfleations  for  and  Cost  of  Concrete  Sewer  Pipe  at  Bellingham,  Wash.  H.  A. 
Whitney.       (86)      Feb.    8. 

Ventilation   in   Cotton    Mills.*      (11)      Feb.    10. 

The  Classification  of  Sewer  Trench  Excavation.      (14)      Feb.  11. 

Cost  of  Constructing  Reinforced  Concrete  Pipe  Sewers  at  Mishawaka,  Ind.  Wil- 
liam P.  Moore.      (Paper  read  before  the  Ind.  Eng.   Soc.)       (86)      Feb.  15. 

Heating  the  Post-Offlce  at  Danville,   III.*      (101)      Feb.   18. 

Sewage  Disposal  at  Ohio  State  Tuberculosis  Hospital.*  Paul  Hansen.  (14) 
Feb.    18. 

♦Illustrated. 
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Sanitation     (Continued). 

TlK-  AiiiioitioiuiHiit  of  the  Cost  of  Construction  and  Maintenance  of  the  Massa- 
chusetts Metropolitan  Sewerage,  Park  and  Water  Systems.  J.  Albert  Holmes, 
(13)      Feb.    23. 

Standard  Tests   for   Sewer   Pipe.      (14)      Feb.    25. 

Standards  for  Cast   Iron  Soil   Pipe  and  Fittings.*      (101)      Feb.  25. 

DrainaKe   Iniprovenu  nts   at   Syracuse.*       (14)      Feb.    25. 

lipclainiing   the   Everglades.*      Day   Allen   Willey.      (10)      Mar. 

A  Study  of  Underground  Insulation  (Heating  Plants).  C.  H.  Staten.  (Paper  read 
before   the   Nat.    Hist.   Heating   Assoc.)       (70)    Mar. 

The  St.  Francis  Valley  Drainage  Project  with  Estimates  of  Cost  and  Data  on  Costa 
of  Ditching  by  Various  Methods.  Arthur  E.  Morgan  and  O.  G.  Baxter.  (Ab- 
stract   from  BuL.   U.   S.   Office  Exper.   Sta.)       (86)      Mar.    1. 

Standard  Tests  of  Drain  Tile  and  Sewer  Pipe.  A.  Marston  and  A.  O.  Anderson. 
(Abstract   of  paper  read  before  the  Iowa  Eng.  Soc.)       (13)      Mar.  2. 

The  Main  Intercv>pting  Sewer  at  Syracuse.*      (14^      Mar.  4. 

Die    MUllverwertung    und     Miillverbrennung.*      S.     Bourdot.      (52)      Jan.     15. 

L'eber  die  Anwendung  von    Faulrauraen.*      Rudolf   Hauptner.      (78)      Jan.    18. 

Structural. 

Standard    Specifications    for    Staybolt    Iron.      (Amer.    Soc.    for    Testing    Materials.) 

(89)      Vol.    10. 
Report    of    Committee    on    Preservative    Coatings    for    Structural    Materials.      (89) 

Vol.  10. 
Aluminates:    Their    Properties    and    Possibilities    in    Cement    Manufacture.     Henry 

S.  Spackman.      (89)      Vol.  10. 
A  Sand  Specification  and  Its  Specific  Application.     W.  A.  Aiken.      (89)      Vol.  10. 
The  Effect  of  Sodium  Silicate  Mixed  With   or  Applied  to   Concrete.     Albert   Meyer. 

(89)      Vol.   10. 
The   Determination   of  Soluble   Bitumen.      Prevost   Hubbard   and   C.    S.    Reeve.      (89) 

Vol.   10. 
Tests  of  Cast-Iron  Arbitration  Test  Bars.      C.   D.  Mathews.      (89)      Vol.   10. 
An  Investigation  of  the  Distribution  of  Stress  in  Reinforced  Concrete  Beams,  Includ- 
ing   a    Comparative    Study    of    Plain    Concrete    in    Tension    and    Compression.* 

A.   T.   Goldbeck.      (89)      Vol.  10. 
Some    Exposure    Tests    of    Structural     Steel     Coatings.*      C.     M.     Chapman.      (89) 

Vol.  10. 
Test  of  a   Structural-Steel    Plate   Partly    Fused   by   a   Short-Circuited   Electric    Cur- 
rent.*     A.  W.   Carpenter.      (89)      Vol.   10. 
Tests  of  Steel   and   Wrought-Iron   Beams.*      H.   F.   Moore.      (89)      Vol.    10. 
Strength   of   Steel   From    I-Beams.*      E.   L.  Hancock.      (89)      Vol.   10. 
Tests  of  Reinforced  Concrete  Columns  Subjected  to  Repeated  and  Eccentric  Loads.* 

M.  O.  Withey.      (89)      Vol.  10. 
Cupro-Nickel  Steel.     G.  H.  Clamcr.      (89)      Vol.  10. 
Copper-Clad    Steel  :    Its    Metallurgy,     Properties    and    Uses.*     Wirt    Tassin.      (89) 

Vol.    10. 
The   Classification    of   Fine    Particles    According    to    Size.     G.    W.    Thompson.      (89) 

Vol.   10. 
Report   of    Comm.    on    the   Corrosion    of    Iron    and    Steel.      (Amer.    Soc.    for    Testing 

Materials.)       (89)      Vol.    10. 
Modern  Machine  Shops  and  Industrial  Plants.*      Charles  Day.      (9)      Feb. 
Wind  Loads  on   Mill  Building  Bents.*      Albert  Smith.      (4)      Feb. 
The  Handling  of  Concrete  During  Cold  Weather.*      J.  H.  Chubb.      (67)      Feb. 
Cement  Stucco  Exteriors.*      (67)      Feb. 
Examples  of  Simple  and  Efficient  Cement  and  Steel  Fireproof  Construction.*      H.  M. 

Xangle.      (67)      Feb. 
Some  Te.sts  on  White  Anti-Friction  Bearing  Metals.*      C.  Alfred  M.   Smith.      (Paper 

read  before  the  Inst,  of  Metals.)       (II)      Feb.  3. 
Temporarv    Balconies   in    Madison    Square  Garden    Arena.*      (14)      Feb.    4. 
Building  "for   the   General    Electric   Company,    Toledo.*      (14)      Feb.    4. 
Tests    to    Determine    the    Relationship    Between    Density    and    Strength    of    Mortar. 

R.    P.    Davis.      (Abstract    from    Cornell    Civil    Engineer.)       (86)      Feb.    8. 
Design    and    Computations    for    a    Cellular    Reinforced    Concrete    Dam.*     George    J. 

Bancroft.      (Abstract   of   paper    read   before   the   Col.    Sci.    Soc.)       (96)      Feb.    9. 
The  Strength   of   Piers  or  Columns  of   Different   Materials.      (13)      Feb.   9. 
Concrete   Pile  Foundations   in   Drilled  Holes.*      (13)      Feb.   9. 
Shop    Floors,    the    Materials    Employed    and    the    Methods    of    Construction     Best 

Adapted    to    Various    Uses    and    Conditions.*     H.    M.    Lane.      (20)      Serial    be- 
ginning Feb.  9. 
Depreciation    of    Buildings   and   Machinery.     H.    F.    Donaldson.      (Paper   read   before 

the  Junior  In.st.   of  Engrs.)       (47)      Serial  beginning  Feb.   10. 
Corrosion  of  Alloys.*      John  Rhodin.      (12)      Feb.   10. 

The  Evolution  of  Fire-Resi.sting  Construction.     William  Woodward.      (Extract  from 
paper    read    before   the   Surveyors'    Inst.)       (104)      Feb.    10. 

♦Illustrated. 
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Structural-  (Continued). 

Noinonclature  of  Iron  and  Steel.      Henry  M.  Howe.      (16)      Serial  beginning  Feb.  11. 
Substructure.     Steelworlt    and     Columns     of    the     Bankers     Trust     Building.*      (14) 

Feb.    11. 
Sheet    Metal    Work   on    Concrete   Buildings.*      (101)      Feb.    11. 
Feasibility  of  Grouping  Timbers  for  Treatment.     W.  F.  Goltra.      (Paper  read  before 

the  Wood  Pre.'^ers'ers'  Assoc.)       (18)      Feb.  11. 
Construction    of    a    Reinforced    Concrete    Tank    for    a    Gasholder.*     V.    L.    Elbert. 

(Paper  read  before  the  Amer.  Gas  Institute.)       (24)      Feb.  13. 
An  Investigation  in  the  Change  of  Volume  of  Concrete  During  the  Hardening  Period. 

C.   W.   Okey   and   W.   H.   Leckliter.      (Abstract   from  Bid.   5,   Iowa   State   College 

Eng.   Exper.   Sta.)       (86)      Feb.   15. 
The  Comparative  Co.st  of  a  House  of  Brick  of  Moderate  Size  When  Constructed   of 

Wood.    Brick,    Cement,    or   Hollow    Block.*      J.    Parker    B.    Fiske.      (Paper   read 

before   National    Brick   Manufacturers'   Assoc.)       (76)      Feb.   15. 
Depositing  Concrete  by   Gravity   Chutes   for  Building  Construction.      (13)      Feb.   16. 
The  .Naval   Dirigible  Balloon  Shed.*      (12)      Feb.  17. 

Testing   Foundations    at   the    Municipal    Building.    New   York.*      (14)      Feb.    18. 
New    Fo\mdations    for    the    Old    Boston    Custom    House.*      (14)      Feb.    18. 
Tensile  Tests  of  Large  Concrete   Specimens.     A.    P.    Mills.      (Abstract  from   Cornell 

Civil  Engineer).      (14)      Feb.   18. 
Tests  of  Reinforced-Concrete  Columns  with  Various  Kinds  of  Transverse  Reinforce- 
ment.*     (From    Concrete   and   Constructional   Engineering).      (13)      Feb.    23. 
Further  Notes  on  the  Collapse  of  the  Henke  Reinforced-Concrete  Building.*     Alexia 

Saurbrey.      (13)      Feb.   23. 
Over-Driven    Piles,    Brooklyn   Fourth   Avenue   Subway   Construction.*      S.    P.    Brown, 

M.   Am.   Soc.   C.    E.    (13)      Feb.    23. 
The  Grain  Elevator  of  the  Grand  Trunk  Pacific  Ry.  at  Fort  William  (Ont.)   Canada.* 

(13)      Feb.  23. 
The  Kempsmith   Mfg.   Company's  New  Plant.*      (20)      Feb.    23. 
The  East   River   Savings   Building.*      (14)      Feb.   25. 
Tests   of   Soft    Soap    for   Waterproofing   Concrete.*      (14)      Feb.    25. 
A  Reinforced  Concrete  Grain  Elevator  at  St.  Boniface.*      (14)      Mar.  4. 
Scenery   Storehouses   for  the  Zurich   Municipal   Theatre.      (14)      Mar.   4. 
Steel   Pile  Driver  Leads.*       (14)      Mar.   4. 

Double-Pitched    Roof    Built    with    Concrete   Members.*      (14)      Mar.    4. 
Pieces   Chargees    de   Bout.      M.    Vierendeel.      (31)      1910,    Pt.    4. 
Note  pour  le  Calcul   des   Poutres   en   Beton   Arme.*      Delemer.      (43)      Nov. 
Essai    des    M6taux    par    I'Etude    de    I'Amortissement    des    Mouvements    Vibratoires. 

.\.    Boudouard.       (92)       Dec. 
Usure  des   .\ciers  aux   Abrasifs.*      M.   F.   Robin.      (93)      Jan. 
La  Constitution   du   Ciment.      W.    Michaelis.      (84)      Jan. 
Traitements    Thermiques    et    Mecaniques    des    Metaux    A,    I'Atelier.*      F.    Robin    et    P. 

Gartner.      (37)      Serial    beginning   Jan.    31. 
Die   IMegungslinie  des   Stabwerktragers.*      A.    Grube.      (49)      Pt.   1-3. 
Der   Konstruktive  Aufbau   der   Lutherkirche  zu   Worms   a.    Rh.*      Steinberger.      (78) 

Jan.  18. 
Eisenbetonschornsteine.*      (78)      Jan.  18. 
Die   Herstellung   der   Metallschlauche   in    der   Metallschlauchfabrik    Pforzheim    vorm. 

Hch.    Witzenmann   G.    m.    b.    H.*     Wilhelm    Theobald.      (48)      Serial    beginning 

Jan.   21. 
Konstruktion   der  Grossmarkthalle   am   Sudbahnhof   Munchen.*      B.    Rueb,   A.    Keller 

and  Leonh.    Moll.      (51)      Serial  beginning  Jan.   28. 
Ueber  eben  gekriimmte  stabformige  Korper  aus  Material  mit  veranderlicher  Dehnungs- 

zahl,   ihre  Beanspruchung  und  Formanderung.*      R.   Baumann.      (48)      Jan.   28. 
Moderne  Schornsteine  aus  Eisenbeton.*     Frank  C.   Perkins.      (78)      Feb.   1. 
Priifungen   mit   Beton.      Buchartz.      (78)      Feb.    1. 
Ueber   den    Einfluss    des    Mangans    auf    die    Eigenschaften    des    Flusseisens.*      Georg 
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Die  Hydraulizitat  des  Ziegelmehles.  Kehle.      (80)      Feb.   14. 
Zur  Statik  der  Stockwerkrahmen.      Rich.   Wuczkowski.      (.S3)      Feb.   17. 

Water  Supply. 

Sterlizatlon    of    Public    Water    Supplies.      George    A.    Johnson.      (Paper    read    before 

the   Boston    Soc.   of   Civ.   Engrs.)       (1)      Jan. 
The  Water  Supply  of  Marseilles,  and  Trials  of  Filtering  and  Sterilizing  Apparatus.* 

Walter  Clemence,   M.   I.   Mech.   E.      (11)      Serial   beginning  Jan.   27. 

•Illustrated. 
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Some   Features  of   Design   of  Infiltration   Plants.      Philip   Burgess.      (Paper  read  be- 
fore the  Ohio   Eng.   Soc.)      (14)      Feb.   4. 
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Hydraulii-    Pipe   Scraping.      Harry    Blackadder.      (104)      Feb.    10. 
Mechanical   Filters  at    Bolton.*      (12)      Feb.    10. 
A   Temporary    Water    Disinfecting    Plant    at    Brainerd.*      Frederic    Bass,    Assoc.    M. 

Am.    Soc.   C.    E.      (14)      Feb.    11. 
Hydraulic   Power   Works  on  Lake  Joux,   Switzerland.*      William  F.   Johnston.      (14) 

Feb.   11. 
The  Construction  of  Browns  Reservoir.      (14)      Feb.   11. 
Valuation  of  the   Physical   Property  of  the  Peoria  Water  Co.,   with   a   Discussion  of 

Rate    Making   and   of    Reasonable   Rates.      (86)      Feb.    15. 
Irrigation   by   Pumping   Individual   Wells   with   Power   from   a   Central   Gas-Producer 

Gas-Engine  Electric  Generating  Station.      Robert   P.   Woods,   M.   Am.   Soc.   C.   E. 

(Abstract  of  paper  read  before  the  Ind.   Eng.   Soc.)       (86)      Feb.   15. 
Hydro-Electric    Power    Development   at    Revelstoke,    B.    C*      (96)      Feb.    16. 
A   Pumping-Irrigation  Project  with  a  Central   Power  Plant.*      Robert  P.   Woods,   M. 

Am.    Soc.    C.    E.      (Abstract   of    paper   read   before   the    Ind.    Eng.    Soc.)      (13) 

Feb.   16. 
Reinforced-Concrete  Pressure  Pipe  on  the  Umatilla  Project.   Ore.,   U.   S.   Reclamation 

Service.*      Herbert   D.    Newell,   Assoc.   M.   Am.    Soc.   C.    E.      (13)      Feb.   16. 
Surface   Water    Supplies    for    Small    Communities.      Albert    P.    I.    Cotterell,    M.    Inst. 

C.  E.      (Paper  read  before  the  Royal  Sanitary  Inst.)       (104)      Serial  beginning 

Feb.   17. 
A   New   Apparatus   for   Cleaning   Sand   Filters.*      (11)      Feb.    17. 

Irrigation   Works   in   Mesopotamia.      W.   H.   Wheeler,   M.   Inst.   C.   E.    (12)      Feb.   17. 
A   Reinforced   Concrete   Reservoir  at  Kensington,   Conn.*      Arthur   W.    Bacon,   Assoc. 

M.   Am.   Soc.  C.   E.      (14)      Feb.   18. 
A    High-Pressure    Fire    System    for    Boston.      (Report    of    Coram,    of    the    National 

Board    of    Fire   Underwriters).      (14)      Feb.    18. 
Modem    Deluge    Sets    for    Fire    Extinguishing    Service.*     Frank    C.    Perkins.      (19) 

Feb.    18. 
A  Unique  Gas   Power  Pumping  Plant.*      Osborn   Monnett.      (64)      Feb.    21. 
Water  Analysis  and  the  Public  Health.     D.  C.  Revell.      (Paper  read  before  the  Union 

of  Alberta  Municipalities.)       (96)      Feb.   23. 
The    Western    Canada    Power    Company's    Stave    Falls    Development.*      A.    R.    Mac- 

Kenzie.      (14)      Feb.  25. 
Droughts  and   Stream  Flow   in    Pennsylvania.      Farley  Gannett.      (14)      Feb.   25. 
Extent  and   Composition  of  the   Incrustation  on  some  Filter  Sands.      E.   Bartow  and 

C.    E.    Millar.      (From    Journal    of    Industrial    and    Engineerinq    Chemistry). 

(86)      Mar.    1. 
A  Concrete  Reservoir  Built  on   Soft  Ground.*      (14)      Mar.   4. 
The  Evolution   of   a   Pumping   Station.*     Theodore   A.    Leisen.      (Paper   read    before 

the  Ind.   Eng.   Soc.)       (14)      Mar.  4. 
Water- Power    Plants    and    the    Type    Characteristics    of    Turbines.*      N.    Baashuus. 

(13)      Mar.    2. 
Water  Waste  Surveys  in  Chicago.     T.   C.   Phillips.      (Abstract  of  paper  read  before 

the  111.  Water  Supply  Assoc.)       (13)      Mar.   2;    (14)      Mar.  4. 
An  Iron  Removal  Plant  for  a  Private  Estate.*      (14)      Mar.  4. 
The    Hound    Chute    Plant    of    the    Cobalt    Power    Company.*      A.    Vonaesch.      (14) 

Mar.   4. 
Relation    of    Intakes    to    Pure   Water   from    the   Great    Lakes.     Charles    B.    Burdick. 

(Paper  read  before  the  111.  Water  Supply  Assoc.)       (14)      Mar.  4. 
An   Automobile  Water  Tower  *      Herbert  T.   Wade.      (46)      Mar.    4. 
The    Purchase,    Setting    and    Testing   of    Water    Meters.     Edward    W.    Bemis.      (14) 

Mar.  4. 
Les  Glaces  dans   les   Usines   Hydrauliques.     Hoc.      (iS)      Serial   beginning  Jan.    21. 
Neuere    Ausfiihrungen    von    Wasserbehaltern    in    Elsenbeton.*      M.    Mateescu.      (78) 

Serial  beginning  Jan.  18. 
Zementrohren   in   Elsass-Lothringen.*      (80)      Jan.   21. 

Beitrag   zur   statischen    Berechnung   von    Talsperren.*      Ramisch.      (53)      Serial    be- 
ginning Feb.   10. 
Innere    Vorgange    in    stromenden    Flussigkeiten    and    Gasen.*     I.    Isaachsen.      (48) 

Serial  beginning  Feb.   11. 
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Waterways. 

Work  at  the  Panama  Canal.     Louis  K.  Rourkc.      (Paper  read  before  the  Boston  Soc. 

Civ.   Engrs.)       (I)      Jan. 
The  Improvement  of  the  Port  of  London.*      (11)      Feb.  3;      (12)      Serial  beginning 

Feb.   3. 
A  New  Ore  Dock  and   Storage   Yard  at  Toledo.*      (14)      Feb.    11. 
Improvement  of  the   Port  Facilities  of  Philadelphia.      (13)      Feb.   16. 
The   Construction    Plant    for    Gatun    Locks    and    Gatun    Dam.*      Edward    Schlldhauer 

and   Ernest   Eugene  Lee.      (13)      Feb.   IG. 
The    .Necessity    of    Longer    Piers    for    the    Port    of    New    York.*      Calvin    Tomklna. 

(46)      Feb.   18. 
Methods  and   Costs  of  Constructing  Stone  Filled  Timber  Breakwater,   Lincoln   Park 

Extension,  Chicago.*      (86)      Feb.  22. 
Construction  Costs  on  the  Panama  Canal  for  the  Last  Three  Months  of  1910.      (86) 

Feb.  22. 
Recent    I'nit   Prices   on   the   Panama   Canal.      (14)      Feb.    25. 
The  Waterway   from  Chicago  to  the  Mississippi.      (14)      Feb.   25. 
The    Conklinsville    Reservoir    Project    and    the    Permanent    Gaging    Station    on    the 

Sacandaga  Kiver  near  Hadley,  N.  Y.*      C.   C.  Covert,  Assoc.  M.  Am.   Soc.  C.   B. 

and   D.    U.   Cooper,  Assoc.  M.  Am.   Soc.   C.   E.      (13)      Mar  2. 
Terminals  for  Water-Borne  Freight.*      H.  McL.   Harding.      (10)      Mar. 
.Methods  and  Cost  of  Hydraulic  Excavation  on  the  Panama  Canal.*      (86)      Mar.   1. 
Improvement  of  Port  Facilities  at   Kobe  Harbor,   Japan.     H.   McL.   Harding,  Assoc. 

Am.   Inst.   Elec.   E.      (13)      Mar.   2. 
Xouvelle  Application  du  Cordeau  Detonant  aux  Travaux  Publics.*     L.   Barthelemy. 

(32)      Nov. 
Etanchcments   des    Canaux    par    Rideaux    de    B6ton    dans    les    Digues.*     M.    Qalliot. 

(43)      Nov. 
Les   Agrandissements   du   Port   d'Anvers,    Construction   du   Troncon    Sud   du   Bassin- 

Canal  et  des  Deux   Darses  Correspondantes.*      (33)      Jan.   28. 
Die  Kanalisierung  des  Neckars  von   Mannheim  bis  Heilbronn.      (51)      Feb.  8. 
Leber    die    Anwendung    von    Eisenbetonschwimmkasten    zur    Herstellung    von    Kai- 

mauern.*      F.    W.    Otto   Schulze.      (78)      Feb.    13. 
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THE   PRESENT-DAY  PUMPING  ENGINE   FOK 
WATER-WOEKS. 


By  Charles  Arthur  Hague,  M.  Am.  Soc.  C.  E. 
To  BE  Presented  May  17th,  1911. 


In  the  development  of  the  modern  water-works  pumping  engine, 
the  refinement  of  tools,  reduction  in  cost  of  manufacture,  better  and 
more  appropriate  designing,  more  efficient  and  economical  shop  manage- 
ment, have  gradually  led  to  higher  and  higher  steam  economy  with 
lessened  first  cost.  The  commercial  element  has  interfered  more  or 
less  with  the  professional;  nevertheless  the  general  results  show  a 
marked  improvement  during  the  past  twenty  years.  With  the  larger 
plants,  more  of  a  specialty  in  designing  to  suit  the  conditions  would 
have  produced  better  results.  In  the  older  and  wealthier  communities 
there  is  a  growing  conviction  that  low  first  cost  is  not  the  paramount 
consideration,  while  low  cost  of  maintenance  and  high  economy  of 
fuel  are.  The  commercial  pumping  engine  for  water-works  purposes 
has  been  brought  to  a  high  level,  and  has  been  divided  into  four 
distinct  types,  each  to  suit  conditions  imposed,  including  pressure, 
quantity,  location,  first  cost,  fuel,  maintenance,  etc.  These  types, 
and  rather  close  approximations  of  cost  under  average  conditions,  are 
as  follows : 

Note. — These  papers  are  Issued  before  the  date  set  for  presentation  and  discus- 
sion. Correspondence  is  Invitad  from  those  who  cannot  be  present  at  the  meeting, 
and  may  be  sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or  written,  will 
be  published  in  a  subsequent  number  of  Proceedings,  and,  when  finally  closed,  the 
papers,  with  discussion  in  full,  will  be  published   in   Transactions. 
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Cost  ok  Pimimnc;  Encjines  Complete,  with  Foundations, 

PlI'INc;    AM)    ApPLRTENANCES,    PER    MiLLION    GALLONS 

i"i;i{  24  Hours  Capacity. 

(1)  Compoiind-eundensing.  low-duty  engines,  hori- 

zontal   $2  300 

(2)  Low-duty   triple,   condensing,   horizontal 2  800 

(3)  Cross-compound,    condensing,   horizontal 3  300 

(4)  High-duty  triple,  condensing,  vertical 4  800 

The  first  and  second  are  non-rotative  or  "direct  acting"  machinery, 
and  the  third  and  fourth  are  of  the  crank-and-fly-wheel  type.  The 
figures  do  not  include  anything  for  buildings,  land,  chimneys,  wells, 
boilers,  etc. 

The  cost  of  boilers  with  mechanical  stokers,  feed-pumps  and 
appurtenances,  steam  piping,  and  minor  details — evers^thing  ready  for 
service  under  average  conditions — would  be  covered  by  $20  per  boiler- 
horse-power. 

It  is  impossible  to  include  all  plants,  therefore  these  averages  are 
based  on : 

Total  water  load  against  the  plungers,  90  lb.  per  sq.  in.,  or  a 
head  of  207  ft.,  including  suction  and  friction; 

Actual  evaporation  in  the  boilers  under  working  conditions,  8  lb. 
of  water  per  pound  of  coal,  with  feed  at  150°  and  with  coal  at 
$3  per  net  ton  of  2  000  lb. 

Steam  pressure  at  throttle  valve  of  engine,  75  lb.  gauge,  for  low- 
duty  compound;  125  lb.  gauge,  for  low-duty  triple  and  cross- 
compound;  150  lb.  gauge,  for  high-duty  triple;  an  allowance 
of  5  lb.  above  the  pressures  given  for  boiler  pressures. 

The  desire  is  often  expressed  for  a  schedule,  rate  of  cost,  or  price 
of  pumping  engines,  but  it  is  a  very  difficult  matter  to  make  a  price 
list  at  any  certain  time,  which  will  be  reliable  beyond  an  approximate 
guide  for  estimate.  Although  the  water-works  pumping  engine  has 
been  brought  largely  to  a  commercial  basis  in  manufacture  and  sale, 
the  conditions  under  which  it  must  operate  are  special  for  the  location 
where  wanted,  and  all  prices  pertaining  to  specially  defined  contracts 
are  more   or   less   changeable. 
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About  January,  1899,  prices  of  all  sorts  of  material  began  to  rise, 
and  by  1901  were  at  a  higher  point  than  for  several  years.  In  the 
spring  of  1904  a  downward  tendency  developed,  and  coke  ovens  in 
Western  Pennsylvania  were  shut  down.  Pig  iron  began  to  decline, 
Portland  cement  fell  off  decidedly  in  price,  steel  products  were  lower, 
and  cast-iron  water  pipe  was  at  $23  per  ton;  but,  in  the  autumn  of 
the  same  year  (1904),  the  drooping  markets  again  strengthened,  and 
advanced  steadily  until  the  summer  of  1907,  when  cast-iron  pipe  was 
up  to  $34  per  ton,  steel  products  were  high  and  hard  to  get,  and 
orders  were  booked  for  a  year  ahead. 

In  1900,  at  an  attempted  letting,  the  City  of  Cleveland  rejected  all 
bids  for  pumping  machinery  because  the  prices  asked  were  prohibitive. 
The  needed  pumping  engines  were  bought  two  years  later  at  much 
better  figures  for  the  city.  Based  on  the  low  figures  of  1896,  the 
record  of  prices  for  pumping  machinery  varied  as  follows : 

(A)  Bottom  figures  of  1896  represented  by 100% 

(B)  Later    figures 137% 

(C)  Still   later   figures 118% 

(D)  Figures  in  the  summer  of  1907 155% 

(E)  Comparatively  recent  figures 115% 

Thus  it  will  be  observed  that  the  best  attempt  can  only  result  in  a 
fair  average,  according  to  the  labor  and  material  markets,  and  also 
depending  on  the  state  of  the  shops  bidding  on  the  special  work  in 
question.  When  a  shop  is  "hungry  for  work,"  bids  will  be  low;  but 
when  it  is  "full  up  with  work,"  bids  will  be  high.  All  shops  do  not 
strike  the  tide  at  the  same  stage  and  at  the  same  time,  hence  there  is 
a  certain  amount  of  "irregularity"  in  the  market,  with  a  strong  or 
weak  undertone,  as  the  case  may  be. 

The  higher  steam  pressures,  which  go  hand  in  hand  with  greater 
steam  economy,  also  changed  ideas  on  boilers,  brought  greater  horse- 
power per  boiler  by  enlarging  the  units,  and  led  to  restricting  the 
dimensions  of  the  boiler  plant.  In  the  long  run,  and  among  the 
many  plants  built,  the  boiler  for  high  pressure,  made  up  of  small 
diameters  of  parts,  on  the  unit  principle,  economizes  space,  buildings, 
initial  cost  in  large  powers,  and  other  important  items,  to  a  very  satis- 
factory degree.  Under  present  circumstances  of  unit  capacity,  cost 
of  construction,  convenience  and  economy  of  operation,  together  with 
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considerations  as  to  buildings  and  space  required,  the  water-tube 
boiler,  fitted  with  automatic  stokers  and  damper  regulators,  takes  the 
load  as  a  general  steam  generator  for  water-works  pumping  plants. 
The  practical  ichition  between  the  economic  duties  of  pumping  engines 
and  the  amount  of  boiler  power  required,  may  be  illustrated  by 
Table  1.  the  measurable  amount  of  boiler  power  being  indicated  by 
taking  10  sq.  ft.  of  heating  surface  for  each  boiler-horse-power. 

TABLE  1. — Boiler-Horse-Power  Required  for  Each  Pump-Horse- 
Power,  Counting  10  Sq.  Ft.  of  Heating  Surface  per  Boiler- 
Horse-Pow^er. 


Boiler- 

Boiler- 

Boiler- 

Uutv  in  foot- 

horse- 

Duty in  foot- 

horse- 

Duty ir.  foot- 

horse- 

pounds per 

power  per 

pounds  per 

power  per 

pounds  per 

power  per 

1  000  lb.  of 

pump- 

1  000  lb.  of 

pump- 

1  000  lb.  of 

punip- 
horse- 

dry  steam. 

borse- 

dry  steara. 

horse- 

dry steam. 

power. 

1 

power. 

power. 

40  OOO  000 

1.6.3 

120  000  000 

0.55 

165  000  000 

0.40 

50  000  0<10 

1.32 

125  000  000 

0..52 

170  000  000 

0.39 

m  (Kxi  uoo 

1.10 

130  000  000 

0.51 

175  000  000 

0.38 

70  000  000 

0.94 

135  000  000 

0.49 

180  000  000 

0.37 

80  000  (X)0 

0.88 

140  000  000 

0.47 

185  000  000 

0.36 

110  (XXl  000 

0.74 

145  000  000 

0.46 

190  000  000 

0.:i5 

1(K)  000  (X)0 

0.66 

150  000  000 

0.44 

195  000  000 

0.34 

110(XMHX>0 

0.60 

155  000  000 

0.43 

200  000  000 

0.33 

115  000  000 

0.57 

160  000  000 

0.41 

Table  1  is  based  on  the  fact,  repeatedly  demonstrated,  that  in  good 
ordinary  practice,  1  sq.  ft.  of  heating  surface  will  evaporate  3  lb.  of 
water  per  hour,  from  150°  (temperature  of  feed),  into  steam  at  1501b. 
gauge  pressure.  Therefore  10  sq.  ft.  will  evaporate  30  lb.  of  water  as 
above,  and  this  amount  of  evaporation  is  taken  as  1  boiler-horse-power. 

This  is  a  good  basis,  and  safe  in  most  cases;  but,  if  at  any  time 
caution  or  any  special  reason  should  suggest  an  increase  in  heating 
f^urface,  any  desired  percentage  of  increase  may  be  readily  added 
without  disturbing  the  relations  of  the  different  rates  of  economy. 
For  example:  If  it  should  be  decided  that  2 J  lb.  of  water  per  sq.  ft. 
of  heating  surface  per  hour  is  all  that  it  would  be  safe  to  reckon  on, 
then  20%  added  to  the  boiler-horse-power  of  Table  1  would  provide 
for  such  a  case.  Or,  to  go  to  extremes,  if  it  was  thought  that  2  lb. 
of  water  per  sq.  ft.  of  heating  surface  per  hour  was  the  limit,  50% 
added  to  the  figures  in  Table  1  would  meet  the  demands  for  boiler 
capacity.  With  boilers  properly  constructed  and  arranged,  however, 
Table  1  will  answer  all  reasonable  purposes. 
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The  limits  of  steam  economy  in  the  pumping  engine  are  about  j 
reached,  both  theoretically  and  practically.  The  modern  duty  record  I 
is  shown  by  Table  2. 

TABLE  2. — Duty  Kecord  per  1  000  Lb.  of  Dry  Saturated  Steam.  | 


Year. 

Duty,  in  foot-pounds. 

Year. 

Duty,  in  foot-pounds. 

1893 
1895 
1898 
1900 

154  048  700 
157  843  ono 

167  800  000 

168  53!2  8O0 

1900 
1900 
1906 

178  497  000 

179  419  600 
181  068  605 

The  leading  type  is  a  vertical,  triple-expansion,  condensing  engine, 
with  outside-packed  plungers,  mostly  of  the  crank-and-fly-wheel  type. 

In  the  early  days  of  the  pumping  engine  the  tendency  toward 
increase  in  size  was  not  realized,  nor  what  tremendous  capacities  the 
pumping  units  would  reach;  but  the  view  is  clearer  now,  and  there 
is  no  good  reason  for  straying  too  far  afield  in  search  of  the  appropriate 
line  to  follow.  It  is  not  easy  to  forecast  what  developments  may  take 
place;  but,  with  the  analysis  of  coal,  a  full  knowledge  of  the  heat 
possibilities  demanded  by  the  steam  at  the  working  pressure,  the 
efficiency  of  the  boilers,  a  clear  idea  of  the  laws  of  steam  expansion, 
and  with  the  types  of  the  most  efficient  pumping  engines  practically 
fixed,  it  is  evident  that  some  radical  departure  must  be  made  to  defeat 
what  is  known  at  the  present  time. 

Table  3  gives  an  example  of  how  methodically  the  cost  of  plants 
built  on  the  unit  basis  may  be  determined.  In  some  cases  these  figures 
may  be  too  high  and  in  others  too  low;  they  are  closely  approximate, 
and  enough  of  the  data  are  based  on  records  fairly  to  insure  the  figures 
in  the  table  as  safe  for  practical  use  in  making  estimates.  However, 
the  table  is  so  close  that  it  would  be  taking  chances  for  an  engineer 
or  a  contractor  to  guarantee  the  production  of  results  for  the  figures 
named,  without  investigating  each  case  by  itself.  The  work  con- 
templated is  for  the  best  type  of  modern,  triple-expansion  pumping 
engines,  and  high-pressure  boilers.  The  buildings  are  assumed  to  be 
of  good  design  and  quality;  of  brick,  or  of  stone  where  stone  is  cheap; 
the  roofs  steel-trussed  and  slate-covered;  the  chimneys  adequate;  and 
the  intakes  properly  proportioned  and  thoroughly  screened.  The  cost 
given  includes  everything  except  the  land. 
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TABLE  3. — Cost  of  Complete  Pumping  Stations. 


Pressure  of  water 

Cost  of  plant,  per 

Pressure  of  water 

Cost  of  plant,  per 

lottfl  pumped  against. 

million  gallons 

load  pumped  against, 

million  gallons 

ill  pounds  per  square 

capacity,  including 

in  pounds  per  square 

capacity,  including 

iueh. 

reserve. 

inch. 

reserve. 

SO 

»6  750 

90 

$8  250 

40 

7000 

100 

8  500 

50 

7  250 

110 

8  750 

60 

7  500 

120 

ilOOO 

70 

7  750 

130 

10  000 

80 

8  iW 

, 

There  are  cheaper  classes  of  pumping  engines,  but  they  are  neces- 
sarily of  lower  economic  efficiency,  and  therefore  require  more  boiler 
capacity,  more  coal  storage,  and  otlicr  iiicid(>ntals  which,  when  balanced 
up,  will  tend  to  keep  the  figures  about  the  same.  A  cheaper  and  less 
durable  building  may  bo  used,  but  in  the  long  run  this  will  need  more 
repairs,  which  wbcn  capitalized  will  bring  the  account  fully  up  to  the 
figures  given  and  most  likely  exceed  them. 

It  is  scarcely  possible  that  the  cost  of  equipping  pumping  stations 
for  water-works  will  be  increased  much  on  account  of  a  higher  type 
of  steam  machinery,  because  it  is  evident  that  the  top  limit  has  just 
about  been  reached,  whh  the  record  a  little  more  than  181  000  000  ft-lb. 
per  1  000  lb.  of  steam.  Ten  years  ago  it  nearly  touched  the  180  000  000 
mark;  and  a  gain  of  0.8  of  1%  in  ten  years,  with  every  nerve  strained, 
is  eloquent  evidence  of  the  top  limit.  The  Mariotte  curve  is  about  the 
nearest  approach  to  perfection  possible  for  the  steam  engine  to  accom- 
plish, in  expressing  the  relation  between  the  work  done  and  the  amount 
of  steam  used.  If  the  terminal  pressure  is  taken  as  expressing  the 
steam  used,  and  all  the  steam  is  accounted  for  by  the  diagram,  then 
somewhere  in  the  immediate  neighborhood  of  180  000  000  duty,  with 
9G%  mechanical  efficiency  of  the  machine,  will  be  the  resulting  figures, 
with  a  reasonable  amount  of  steam  used  in  the  jackets  and  re-heaters 
charged  against  the  account. 

If  there  were  no  necessity  for  the  use  of  steam-jackets,  or  jacket 
steam,  the  figures  would  approach  200  000  000  rather  closely,  and  if 
superlieating  can  save  jacket  steam,  and  vitalize  the  working  steam  in 
the  cylinders,  the  latter  figure  may  be  reached  in  the  near  future,  as 
far  as  the  official  test  is  concerned.  This  pleasing  result  may  have  to 
be  obtained,  however,  bv  the  use  of  a  surface  condenser  with  a  com- 
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paratively  small  air-pump,  and  this  type  of  condenser  may  require 
more  maintenance  account  than  the  jet  form;  and  the  superheat  may 
have  to  be  obtained  at  the  cost  of  coal. 

If  the  steam  turbine  can  step  forward  at  this  stage  of  the  per- 
formance, and  show  something  better  in  the  matter  of  water  sent  up 
the  hill  in  proportion  to  expense  incurred,  it  is  now  the  proper  time 
to  do  so.  This  would  effect  something  of  a  change  in  the  pumping 
station,  although  as  far  as  present  evidence  goes,  the  change  will 
be  in  the  direction  of  smaller  engine-houses  and  larger  boiler-  and 
coal-houses.  The  only  claim  in  sight  for  the  steam  turbine  on  pump 
work  is  a  lower  first  cost,  it  being  evident,  thus  far  at  least,  that 
it  cannot  compete  in  steam  economy  with  that  form  of  the  reciprocat- 
ing engine  used  in  pumping  water  for  public  supply.  Whether  the  cosC 
of  construction  of  the  steam  turbine  and  centrifugal  pump  plant  will 
be  materially  less  than  that  of  a  reciprocating  plant,  when  all  diffi- 
culties are  overcome  and  the  turbine  machine  is  brought  to  what  it 
must  eventually  be,  time  only  will  tell.  The  writer  at  present  is 
carefully  investigating  the  turbine  proposition  and  its  possibilities 
as  a  practical  water-works  factor,  but  is  not  ready  yet  to  declare 
results. 

Unless  something  develops  which  is  not  yet  in  view,  the  ideal 
turbine  pumping  engine  will  be  a  steam  turbine  driving  a  centrifugal 
pump,  all  mounted  on  the  same  frame  or  bed-plate.  There  are  con- 
flicting conditions  accompanying  the  combination  of  the  steam  and 
water  turbine  in  the  same  machine,  and  it  is  very  much  the  same 
old  story  learned  by  the  reciprocating  engine — the  demands  of  a 
highly  elastic  fluid  at  one  end  of  the  machine  and  a  very  stubborn 
and  practically  non-elastic  fluid  at  the  other.  No  reciprocating  steam 
engine  can  live  or  give  good  economy  under  the  high  rotative  speed 
required  for  direct  connection  to  centrifugal  pumps  under  the  ordinary 
heads  or  pressures  demanded  by  the  average  water-works,  so  that  a 
direct-connected  reciprocating  steam  end,  and  a  centrifugal  water  end 
are  practically  impossible.  The  direct-connected  steam  and  water 
turbine  has  been  used  on  a  small  scale,  with  doubtful  economy,  and 
is  being  attempted  on  a  large  scale  where  fuel  is  cheap,  with  what 
all-around  success  remains  to  be  seen.  It  looks  like  the  old  con- 
troversy between  low  first  cost  with  large  fuel  bills,  and  higher  first 
cost  with  low  fuel  bills. 
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Plants  equally  constructed  and  with  equally  low  repair  and  mainte- 
nance accounts  can  have  no  advantage  over  each  other  excepting  in 
the  matter  of  fuel  economy;  and  the  lessened  quantity  of  coal  to  be 
bought  is  the  real  foundation  on  which  to  base  an  increased  invest- 
iiiciit  in  the  plant.  There  are  only  two  important  items  which  grow 
loss  by  higher  duty,  and  these  are  the  coal  account  and  the  fixed 
charges  on  the  boiler  plant.  Everything  else  increases  with  higher 
duty,  excepting  the  wages  account  for  equal  capacities,  and  this 
remains  at  least  as  much  with  high  as  with  low  duty,  excepting  with 
the  large  high-duty  triple  engines,  and  with  these  the  wages  are  some- 
what less  in  the  fire-room  on  account  of  the  lessened  quantity  of  coal 
to  be  shoveled  in  proportion  to  the  pumping. 

The  items  for  and  against  the  high-duty  pumping  plant  are: 

Against  High  Duty:  In  Favor  of  High  Duty: 

ilaintenance    account   for       Maintenance   account   for 

machinery.  boilers. 

Interest  on  machinery.  Interest  on  boilers. 

Oil,  waste,  packing,  etc.  Sinking  fund  for  boilers. 

Sinking  fund  for  macliinery.  The  coal  account. 
To  ascertain  wliich  type  and  class  it  will  pay  best  to  buy,  requires 
comparisons  and  calculations  which  call  for  thought  and  care,  but 
which  may  be  readily  enough  made  when  the  conditions  of  the  con- 
templated plant  are  clearly  laid  down.  The  fixed  charges  against 
pumping  machinery  and  boilers  are  as  follows: 

Vertical  Triple-Expansion  Pumping  Engines: 

Maintenance    account 2% 

Interest   account 4% 

Sinking  fund  account 3% 

Oil,  waste,  packing,  and  small  repairs 1% 

Total  fixed  charges 10% 

All  Other  Types  of  Pumping  Engines: 

^faintenance    account 3% 

Interest   account 4% 

Sinking  fund  account 5% 

Oil,  waste,  packing,  and  small  repairs 1% 

Total  fixed  charges 13% 
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The  reason  for  the  difference  of  2%  in  the  sinking  fund  account, 
between  vertical  triple  machinery  and  all  other  forms,  is  that  it  has 
become .  evident  that  the  vertical  triple  type  of  pumping  engine  will 
probably  not  be  replaced  as  obsolete  by  any  of  the  other  types,  but 
the  other  types  will  eventually  give  way  to  the  vertical  triple.  Under 
these  circumstances,  when  the  vertical  triple  is  properly  built,  its 
life  is  taken  at  33^  years,  and  that  of  all  the  other  types  at  20  years; 
representing,  respectively,  3%  and  5%,  to  make  up  the  sinking  fund 
to  100%  in  the  time  specified. 
•     The  fixed  charges  against  the  boiler  plant  are  as  follows: 

Maintenance    account 5% 

Interest   account 4% 

Sinking  fund  account 5% 

Total   fixed   cliarges 14% 

Even  when  the  cost  of  coal  is  $1 350  per  year  for  each  million 
gallons  of  water  pumped  per  day,  the  total  coal  bills  do  not  amount  to 
very  much  for  2  000  000  or  3  000  000  gal.  per  day;  but  when  the 
quantity  gets  toward  10  000  000  gal.,  the  figures  are  more  important. 
The  larger  triple-expansion  pumping  engines  of  the  reciprocating,  dis- 
placement type,  pump  1  000  000  gal.  per  day  with  $625  worth  of  coal 
per  year  for  the  best  records,  and  $900  is  an  ordinary  good  record; 
while  $1  350  is  about  the  best  steam-turbine  pumping  record,  as  far 
as  the  writer  can  learn.  It  looks  as  though  the  great  struggle  to  keep 
down  the  capital  account  in  the  turbine  outfit  must  be  partly 
abandoned,  as  far  as  water-works  service  is  concerned. 

If  a  high  peripheral  velocity  is  what  the  steam  turbine  needs,  it 
may  be  necessary  to  increase  its  diameter  to  meet  this  demand,  and 
thus  reduce  the  rate  of  revolution  to  meet  the  demands  of  the 
centrifugal  pump.  To  obtain  the  greatest  possible  effect  in  the  steam 
turbine,  the  expansion  and  velocity  of  discharge  of  the  steam,  would 
require  a  velocity  of  periphery  quite  beyond  practical  limits,  as 
centrifugal  force  interferes  in  this  direction.  On  the  other  hand, 
the  peripheral  velocity  of  the  runner  of  the  centrifugal  pump  should 
be  somewhere  in  the  neighborhood  of  the  velocity  of  a  jet  of  water 
under  the  pumping  head,  represented  by  the  well-known  formula 
V  =  yy^Th. 
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These  are  two  contlifting  coiulitions  which  must  be  met  if  any 
material  economy  is  to  be  obtained  by  this  form  of  pumping  apparatus. 
Attempts  to  compromise  arc  frequently  made  by  accommodating  the 
steam  turbine  work,  and  then  reducing  the  diameter  of  the  pump 
runner  to  keep  down  its  rim  speed  to  something  like  the  equivalent 
velocity  of  falling  bodies  from  the  height  represented  by  the  water 
head  pumpt'd  against.  This  practice  results  in  a  direct  loss  of 
mi'chanical  efficiency  in  the  smaller  pump  as  against  a  larger  pump 
at  a  Icnver  rate  of  rotative  speed. 

Within  its  limitations,  the  centrifugal  pump  is  an  ideal  machine 
for  lifting  water;  which  means  that  it  must  be  designed  and  con- 
structed for  known  positive  conditions,  if  the  best  results  are  looked 
for.  At  constant  speed,  for  a  considerable  range  of  capacity,  as  is 
often  found  in  water-works,  or  for  a  varying  head — very  frequently 
found  in  the  ^liddle  West,  where  domestic  and  fire  service  are  com- 
bined in  the  same  apparatus — it  is  inefficient  and  unreliable.  Even 
on  stand-pipe  work,  as  at  Schenectady,  N.  Y.,  the  centrifugal  pump 
proved  to  be  a  total  failure,  and  that  city  is  now  seriously  contemplat- 
ing the  construction  of  a  reservoir  for  the  relief  of  these  pumps;  and 
there  are  others. 

The  centrifugal  pump  sends  the  water  by  centrifugal  force,  from 
the  center  toward  the  outside,  and  the  main  principles  to  be  followed 
in  designing  are  the  prevention  of : 

(a)   Sudden  changes  in  water  velocity, 
(h)   Sharp  changes  in  direction  of  flow, 
(c)  Unnecessary  friction  losses. 

With  a  steep  vane  there  is  required  a  less  number  of  revolutions 
per  minute;  with  a  flat  vane  there  is  required  a  higher  number  of 
revolutions  per  minute,  to  do  the  same  work.  The  above-mentioned 
formula  (V  ^  \/2  gh)  gives  an  average  result  in  feet  per  second  of 
the  peripheral  speed  of  the  runner;  the  actual  results  deiicnd  on  the 
angle  of  the  vanes  and  the  width  of  the  impeller. 

A  case  in  practice,  wliicli  lias  just  come  to  hand — the  figures  being 
taken  from  the  annual  report  of  the  operation  of  a  water-works  plant — 
will  be  to  the  point,  in  comparisons  between  displacement  and  centri- 
fugal pumps  in  i)ractical  water-works  service.  The  data  are  as 
follows : 
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Pumpage  per  day 9  000  000  U.  S.  gal. 

Head  against  displacement  pumps. .  207  ft. 

Head  against  centrifugal  pumps.  .  23  ft. 

Cost  of  centrifugal  pumps $10  000.00 

Cost  of  displacement  pumps 50  000.00 

Cost  of  fuel  used  for  both  plants. .  .  1.25  per  net  ton. 

Cost  for  Fuel  to  Pump  1  000  000  Gal.  207  Pt.  High. 

With  displacement  pumps $3.27 

With  centrifugal  pumps 6.48 


Difference  in  favor  of  displacement  pumps.  .    $3.21 

The  difference  in  cost  of  fuel  per  annum  at  9  000  000  gal.  daily 
pumpage,  against  207  ft.  head,  in  favor  of  displacement  pumps, 
amounts  to  $10  544,  which  means  that  the  economic  duty  of  the  dis- 
placement machinery  is  1.96  times  that  of  the  centrifugal,  or  the  ratio 
between  a  cost  per  million  gallons  207  ft.  high,  of  $6.48  and  $3.27; 
as  shown  by  the  coal  account  given.  It  may  be  noted  in  passing  that 
the  mechanical  efficiency  of  the  displacement  machinery  is  93%,  and 
that  of  the  centrifugal  machinery  is  65%,  which  corresponds  with 
the  results  found  in  general  practice  along  these  lines. 

The  gas  engine  as  a  water-works  pumping  power  is  entirely  un- 
developed on  anything  like  the  scale  which  it  will  have  to  reach  to  be 
seriously  considered  in  fairly  large  schemes  of  pumpage.  There  will 
be  found  to  be  a  great  variation  in  gas  production  from  different  kinds 
of  coal,  and  there  is  likely  to  be  as  much  variation  as  in  the  genera- 
tion of  steam  from  different  fuels.  As  a  practical  fact,  the  power 
developed  by  gas  engine  cylinders  will  be  found  to  lessen  at  con- 
siderable elevations  above  sea  level,  in  a  certain  proportion  to  diameter 
of  cylinder,  on  account  of  the  diminished  atmospheric  pressure  and 
consequent  diminished  quantity  of  oxygen  per  unit  of  air.  For 
example:  Gas  engines  of  100  b.h.p.  are  scaled  down  to  80  h.p.,  with 
a  fixed  size  of  cylinder,  under  guaranties  made  for  Denver,  as  against 
the  operation  of  the  same  engine  at  or  near  sea  level. 

Developments  along  the  line  of  gas-power  pumping  for  water- 
works are  going  on,  and  good  results  in  economical  and  reliable  gas 
production,  easy  of  manipulation,  will  be  one  of  the  improvements  in 
the  future   not   very  far   away.      The  large  gas   engine   available  for 
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water-works  pumping  has  not  yet  come  to  the  front,  and  there  are 
certain  adaptabilities  necessary  to  be  made — in  regard  to  speed,  for 
example — which  complicates  the  problem  more  or  less.  There  are  now 
many  small  plants  for  pumping,  where  the  gas  engine  fits  in  very  well, 
but  there  are  some  incidental  items  aside  from  fuel  economy  which 
have  weight  in  small  plants,  but  which  would  not  be  considered  in  a 
large  pumping  plant.  The  small  steam  pumping  plant  is  extravagant 
of  fuel,  while  the  small  gas  plant  is  practically  as  economical  as  the 
larger  ones,  and  although  the  application  of  steam  power  to  pumping 
is  more  direct  than  with  gas,  the  great  fuel  economy  of  the  gas-power 
apparatus  enables  it  to  operate  at  a  profit  at  a  much  lower  mechanical 
eflBciency  than  the  steam  machine.  For  example:  A  small  gas  engine 
geared  to  a  triplex  power  pump  may  result  in  a  total  mechanical 
efficiency  of  75%;  then,  if  the  engine  and  producer  give  out  a  brake- 
horse-power  for  1^  lb.  of  coal  per  hour,  the  coal  per  pump-horse-power 
will  be  2  lb.  The  small  steam  pumping  plant  with  a  mechanical 
efficiency  of  94%  requires  not  less  than  4  lb.  of  coal  per  pump-horse- 
power-hour, and  it  is  doing  pretty  well  to  accomplish  this. 

The  indicated  power  with  steam  and  the  brake  power  with  gas  may 
be  taken  on  equal  terms  in  the  larger  plants,  but  the  direct  applica- 
tion of  i^ower  with  steam  and  the  indirect  application  with  gas,  as 
expressed  by  a  mechanical  efficiency  of  95%  for  steam  and  75%  for  gas, 
shows  why  the  gas  cannot  compete  in  the  larger  units  in  the  present- 
day  pumping  plant  until  some  more  direct  application  of  its  power  to 
pumping  can  be  made.  In  the  smaller  and  more  wasteful  steam  plants, 
although  the  mechanical  efficiency  holds  up  very  high,  the  steam 
economy  is  low,  for  the  reason  that  the  smaller  quantity  of  water  will 
not  justify  the  cost  and  complication  which  go  with  extreme  high  duty, 
but  which  pay  on  a  larger  scale.  Under  these  circumstances,  the  gas 
plant  shows  to  advantage  because  its  coal  economy  is  just  about  as  good 
as  in  the  larger  units  under  practically  a  uniform  mechanical  efficiency. 

The  mere  recording  of  various  statements  of  economy  in  coal  per 
power  unit  does  not  tell  the  entire  story,  as  will  be  shown  by  the 
analysis  of  data.  For  example:  Confining  the  comparison  for  the 
moment  to  steam  pumping  i)lants,  the  writer  has  two  records;  one 
of  1.02  lb.  of  coal  per  indicatcd-horse-power-hour,  and  the  other  1.98  lb. 
Both  records  were  obtained  as  nearly  as  could  be  under  similar  condi- 
tions in  actual  water-works  pumping.     The  fuel  calling  for  1.98  lb.  is 
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slack  coal  at  $1.50  per  net  ton;  and  the  fuel  calling  for  1.02  lb.  is 
anthracite  coal  at  $4.50  per  net  ton.  The  analysis  of  the  two  fuels  for 
heat  units  on  complete  combustion  is  as  follows : 

Heat  units  developed  by  the  slack 11000  per  lb. 

Heat  units  developed  by  the  coal 14  000    "      " 

In  the  case  of  the  slack  coal,  the  buyer  obtained  146  000  heat 
units  for  1  cent.  In  the  ease  of  the  anthracite  coal  the  buyer  obtained 
G2  000  heat  units  for  1  cent.  The  plant  consuming  the  slack  coal  used 
363  heat  units  per  horse-power-minute,  while  the  plant  with  the 
anthracite  coal  consumed  238  heat  units  per  horse-power-minute.  The 
efficiency  of  the  boilers  was  70%  with  the  slack  and  80%  with  the 
anthracite.  This,  reduced  to  work  demonstrated  by  indicated  horse 
power,  gives  13  200  000  ft-lb.  for  1  cent  for  the  anthracite  and  9  805  680 
ft-lb.  for  1  cent  with  the  slack,  with  the  efficiencies  of  the  boilers 
equalized;  and  this  shows  that  a  diilerence  of  3  394  320  ft-lb.  for 
1  cent  existed  in  the  difference  in  steam  economy  of  the  two  engines. 
The  engine  with  the  slack  fuel  gave  130  000  000  ft-lb.  per  million 
B.t.u.,  and  that  with  the  coal  gave  163  000  000  ft-lb.  per  million  B.t.u., 
further  demonstrating  the  difference  in  steam  economy  in  the  two 
machines.  The  gain  in  foot-pounds  for  1  cent  with  the  engine 
using  anthracite  coal  over  the  other  is  34%,  and  the  gain  on  the 
heat-unit  basis  in  favor  of  the  anthracite  coal  engine  is  26%,  which 
indicates  good  judgment  in  putting  enough  investment  into  the 
engine,  boilers,  and  fuel  to  ol)tain  good  results.  The  engine  with 
the  coal  fuel  cost  $4166  per  million  gallons  capacity  per  24  hours; 
and  the  engine  with  the  slack  fuel  cost  $4  083  per  million  gallons 
capacity  per  24  hours.  This  price  per  million  gallons  docs  not  include 
foundations  and  appurtenances,  so  that  the  $4  800  per  million  gallons 
for  the  vertical  triple  pumping  engine  of  large  size  given  earlier  in 
this  paper  is  fairly  well  checked,  as  the  latter  figure  includes  every- 
thing in  the  engine-house  belonging  to  the  machinery.  It  may  be  of 
some  interest  to  know  that  the  two  pumping  engines  which  have  just 
been  compared  were  by  different  builders. 

The  present  high  type  of  water-works  pumping  engine  apparently 
cannot  be  improved  to  any  material  extent  in  principle,  so  that  the 
very  best  that  can  be  expected  is  an  extremely  small  increase  in 
economy  secured  by   iiHi)rovod  construction.     It  is  very  probable  that 
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!in  incrciisi'  in  fiu'l  I'coiKuny  rroni  6%  to  12%  can  be  gained  in  many 
steam  plants  l>y  the  usp  of  superheated,  steam.  Some  think  this  too 
low  a  figure  for  the  gain  by  superheat,  but  it  must  not  be  forgotten 
that  many  of  the  good  records  for  superheat  have  been  made  where 
engines  and  boilers  of  only  fairly  good  economy  are  in  use,  whereas, 
when  tlie  best  type  of  pumping  engine  is  supplied  with  superheated 
steam,  the  application  is  then  made  to  steam  machinery  of  the  very 
highest  class,  where  all  the  steam  refinements  can  be  operated  to  the 
best  advantage,  and  where  multiple  expansion,  steam-jackets,  re-heat- 
ing, etc.,  are  used  under  the  very  best  conditions  to  reduce  internal 
losses  and  condensation  to  an  extremely  low  point.  A  pumping 
engine  at  the  Boston  high-service  station  at  Chestnut  Hill  Reservoir 
has  a  capacity  of  30  000  000  U.  S.  gal.  per  24  hours,  and  has  the 
following  data  to  its  credit: 

Duty    per    1  000    lb.    of    dry    saturated 

steam    (no    superheat) 178  497  000  ft-lb. 

Duty  per  1  000  000  B.t.u 163  925  000  "  " 

Duty  per  100  lb.  of  coal 173  869  000  ''  " 

Dry  saturated  steam  per  indicated  horse 

power  per  hour 10.34  lb. 

Coal  per  indicated  horse  power  per  hour.      1.06    " 
British     thermal     units     per     indicated 

horse  power  per  niiuxite 188 

If  tlie  duty  for  this  engine,  with  dry  saturated  steam,  should  be 
increased  12%  by  superheating,  it  wmII  read  199  916  640  ft-lb.,  which 
is  about  2  000  000  above  the  highest  record  with  the  use  of  superheated 
steam.  The  highest  known  duty  per  1  000  lb.  of  dry  saturated  steam 
—in  round  numbers  181000  000  ft-lb.— would  go  up  to  202  720  000 
ft-llj.  with  12%  increase,  which  is  considerably  above  the  superheat 
results  thus  far  obtained. 

In  the  present-day  pumping  (>ngine,  the  steam-jacket  system  has 
been  modified  somewhat  from  the  earlier  practice,  and  brought  to  a 
high  state  of  efiiciency  by  keeping  the  heat  in  the  jackets  close  to  the 
balancing  point,  wdiere  the  greatest  good  will  be  done  with  the  least 
loss  from  useless  internal  radiation.  The  distribution  of  the  steam 
is   now   very   satisfactory,   and   the   waste   room   or   clearance   at    the 
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cylinder  ends  is  brought  down  to  surprisingly  low  terms  by  the  better 
arrangement  of  valve  gear  and  steam  ports. 

If  there  is  any  waste  heat  in  the  smoke-flues  or  uptake  of  the 
boilers,  re-heaters  for  the  receiver  steam  can  be  provided,  and  this 
steam  can  be  made  a  vehicle  for  the  transportation  of  heat  now  getting 
away  up  the  chimney  back  to  the  engine,  and  there  made  to  do  work. 
This  is  no  special  credit  to  the  engine,  beyond  its  providing  facilities 
for  the  use  of  such  heat  as  the  boilers  are  allowing  to  escape;  but, 
in  the  practical  operation  of  the  plant,  it  will  reduce  the  coal  account 
by  turning  into  useful  work  some  of  the  heat  of  combustion  not 
absorbed  by  the  boiler  heating  surfaces.  It  is  not  entirely  clear  why 
more  of  this  practice  of  flue  re-heating  has  not  been  done;  it  is  cer- 
tainly an  old  enough  idea,  long  known.  In  the  Pawtucket  pumping 
engine,  a  small  cross-compound,  built  by  George  H.  Corliss  in  1878, 
flue  re-heating  was  successfully  used.  This  engine  gave  a  duty  of 
133  000  000  ft-lb.  per  100  lb.  of  coal. 

The  quadruple-expansion  pumping  engine,  with  its  additional  steam 
cylinder,  resulting  either  in  a  tandem  arrangement,  or  an  abandon- 
ment of  the  three-plunger  design  so  favorable  to  uniform  hydraulic 
effects,  has  no  great  future  before  it,  and  will  probably  never  come 
into  water-works  service.  With  the  33  to  40  steam  expansions  practi- 
cable with  triple  machinery  possessing  such  admirable  mechanical  lines, 
and  with  the  conversion  of  heat  into  work  about  up  to  the  practical 
limits,  there  seems  to  be  no  room  for  the  quadruple-expansion  engine. 
The  only  prominent  attempt  m  this  direction  thus  far  made  found  its 
way  to  the  scrap  heap  after  a  short  lease  of  life. 

Some,  who  are  not  familiar  with  pumping  engines  at  work,  rebel  at 
the  idea  of  triple-expansion  engines  with  aims  at  economy;  but  there 
are  other  items,  aside  from  the  particular  method  of  handling  the 
steam,  and  among  them  the  fact  that  the  distribution  of  water  into  a 
force  main  from  three  plungers  has  never  been  surpassed,  and  probably 
has  never  been  equalled.  In  addition  to  that  fact,  the  triple-expansion 
pumping  engine  holds  a  record  for  economy  of  steam  far  ahead  of 
compound  machinery.  In  nearly  all  cases  a  compound  would  have  to 
be  fitted  with  two  double-acting  plungers  on  account  of  pulsations  in 
the  mains;  horizontal  engines  would  be  rather  limited  in  capacity,  and 
a  cross-compound,  vertical  machine  would  be  objectionable  to  a  very 
serious  extent. 
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In  1878  the  direct-acting,  non-rotative,  compound,  condensing  pump- 
ing engine  held  the  front  line,  and  successfully  disputed  the  field 
with  the  several  odd  and  unrepeated  forms  of  the  crank-and-fly-wheel 
machine  which  at  that  time  aimed  at  high  steam  economy.  For  years 
the  direct-acting  engine,  as  an  all-around  better  proposition,  held 
sway,  and  its  durability  and  reliability  as  a  machine  for  pumping 
water  for  public  supply  have  never  been  excelled.  Gradually,  however, 
the  financial  end  of  the  crank-and-fly-wheel  manufacturing  establish- 
ment and  the  engineering  end  drew  closer.  Then  the  direct-acting 
engine  took  on  a  high-duty  attachment  to  increase  its  steam  economy 
as  it  became  more  and  n)ore  hard  pressed  in  the  fight  of  low  duty 
tigainst  high  duty.  The  problem  in  the  crank-and-fly-wheel  camp  was 
to  reduce  the  capital  account  by  simplifying  the  design,  and  keep  on 
raising  the  duty. 

The  growth  and  drift  of  the  public  pumping  engine  seems  to  be 
toward  larger  and  larger  units,  and  the  introduction  of  the  higher 
duty  idea  into  smaller  and  smaller  units,  with  the  vertical,  triple- 
expansion  engine  rapidly  taking  the  lead,  and  the  cross-compound 
crank  engine  gradually  forcing  the  direct-acting  machine  out  of  the 
field  in  the  moderate  and  small  sizes.  The  direct-acting,  non-rotative, 
triple,  with  six  steam  cylinders  and  two  double-acting  plungers,  stub- 
bornly holds  on,  and  probably  will  for  a  while  longer.  Just  what  the 
next  ten  years  will  bring  out  is  not  known.  It  looks  doubtful  for  the 
dominance  of  the  turbine  type  in  that  time  if  at  all,  and  the  gas 
engine  has  not  yet  really  made  a  good  start  for  the  front  line.  Super- 
heated steam  and  generally  higher  steam  pressures  up  to  about  175  lb. 
gauge  pressure  will  take  place  gradually,  and  that  will  be  the  last 
firing  line  of  the  reciprocating,  triple-expansion,  displacement,  pump- 
ing engine.  It  will  hold  this  line  stubbornly,  and  it  will  require  a 
great  deal  more  progress  than  is  evident  in  any  direction  at  present  to 
dislodge  it  or  even  to  shake  it  materially.  Its  capital  and  fuel  accounts, 
even  with  coal  at  a  moderate  price,  make  a  satisfactory  showing,  and 
its  maintenance  in  the  presence  of  good  design  and  workmanship  will 
not  exceed  2%  in  large  or  moderate  plants  where  it  is  properly 
cared  for. 

The  perfect  present-day  pumping  plant  involves  the  following 
items : 

Vertical,  triple-expansion,  crank-and-fly-wheel  pumping  engines; 
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Long  stroke,  with  rotative  speed  not  to  exceed  20  rev.  per  min. ; 

Maximum  piston  travel  200  ft.  per  min.; 

Modified  steam-jacketing  and  re-heating; 

Steam  pressure  at  throttle,  175  lb.  per  gauge; 

Moderately  superheated  steam  by  independent  apparatus; 

Smoke-flue  re-heating; 

Water-tube  boilers; 

Mechanical  stokers; 

Natural  draft  at  least  0.8  in.  of  water; 

Feed-water  economizers ; 

Automatic  damper  regulators; 

Coal  bought  on  the  basis  of  14  000  heat  units  per  lb. ; 

Boiler  efiiciency  of  75%; 

Coal  per  indicated  horse  power,  1  lb.  for  large  plants; 

Coal  per  indicated  horse  power,  1.75  lb.  for  small  plants; 

Maintenance  of  engines,  1.5%  for  large  plants; 

Maintenance  of  engines,  3%  for  small  plants. 

These  and  other  items  of  a  similar  nature  are  about  what  a  look 
ahead  discerns  as  the  coming  events  in  the  planning,  construction,  and 
operation  of  present-day  pumping  plants  for  public  water  supply. 

Chicago,  St.  Louis,  Cincinnati,  New  Orleans,  Cleveland,  Buffalo, 
Pittsburg,  Philadelphia,  and  other  cities,  large  and  small,  will  have  to 
depend  on  pumping  for  the  main  supply;  and  New  York,  Boston, 
Baltimore,  and  other  cities,  in  which  the  growth  extends  to  levels 
too  high  for  distribution  from  the  general  source  of  supply,  will  have 
to  use  auxiliary  service  involving  pumpage  for  high-service  supply. 
Therefore,  it  will  be  noted  that  the  use  of  the  best  present  ideas,  and 
the  introduction  of  new  ones,  will  be  in  order  for  a  long  time  to  come, 
in  the  municipal  water-supply  pumping  station. 
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By  T.  J.  PowKLL,  Assoc.  M.  Am.  Soc.  C.  E. 


The  writer  has  read  with  nuieh  interest  the  paper  by  P.  E.  Green. 
Assoc.  M.  Am.  Soc.  C.  E.,  entitled  "A  Review  of  Chicago  Paving 
Practicc/'t  and  also  other  recent  papers:}:  on  this  subject,  and  submits 
the  following: 

There  seems  to  be  a  great  difference  of  opinion  among  engineers 
on  this  subject,  and,  as  Mr.  Zahniser  says,  a  collection  of  these 
formulas  may  be  the  beginning  of  a  possible  "Rational  Formula." 

The  following  method  of  treating  crowns  has  been  used  by  the 
Engineer  Department  of  the  District  of  Columbia  since  1894,  but 
has  only  recently  been  formulated. 

This  formula  was  suggested  and  deduced  by  Mr.  Joseph  W.  Dare, 
Assistant  Engineer  of  the  District  of  Columbia,  and  takes  into 
account  the  width  of  the  roadway  and  the  longitudinal  grade  of  the 
street.  It  is  applicable  for  all  widths  of  roadway  up  to  and  including 
50  ft.,  after  which  it  is  necessary  to  treat  the  section  as  a  special  one 
The  formula  is : 

W  (100  —  4  P) 


C  = 


6  .300  +  50  P2 


*  This  paper  will  not  be  presented  at  any  meeting,  but  written  communications  on  the 
subject  are  invited  for  publication  with  it  in  Transactions. 

+  Transactions.  Am.  Soc.  C.  E.,  Vol.  LXVI.  p.  1. 

tin  Engineering  iVefcs.  by  Mr.  George  C.  Warren,  entitled  "Paving  Practice  with 
Respect  to  Crowns  of  Roadway  Fiivemeiits  and  Concrete  Foundations.""  December  "^d. 
1000;  by  Mr.  (i.  B.  Zahnisei'.  entitL-d  "Suggestions  for  a  Rational  Formula  for  Street 
Pavement  Crowns,"  May  5th.  1910,  and  l)y  James  N.  Hazlehurst,  M.  Am.  Soc.  C.  E.,  entitled 
'•  Formulas  for  Determining  Street  Crowns  when  the  Two  Curbs  are  at  Different  Eleva- 
tions," June  :Wth,  1910. 


306 


STREET    PAVING    CROWNS 


[Papers. 


In  which  C  =  the  crown,  in  inches, 

P  =  the  longitudinal  grade,  expressed  as  a  percentage, 
W  =  the  width  of  the  roadway,  in  inches. 
When  the  curbs   are  level,   the  crown   is   distributed   as   shown  by 
the  following  formula : 

80 


0.3  2? 


=  d 


a  or  h  + 


a  or  6  + 


(7 

Is 

G 

"12 


the  elevation  at  A  or  D 


the  elevation  at  B  ; 


d  =  the  transverse  grade,  expressed  as  a  percentage  ; 
a  or  6  =  the  elevation  at   the  gutters,  expressed   in  feet  and    hun- 
dredths. 

5  .  Curb 


Fig.  1. 

As  will  be  iioticed  in  this  formula,  the  percentage  of  grade  from 
gutter  to  quarter  and  from  quarter  to  crown  in  no  case  exceeds 
4%  and  2%,  respectively,  and  the  diagonal  rate  from  quarter  to  the 
curb,  along  the  hypotenuse  of  an  isosceles  triangle,  the  legs  of  which 
are  equal  to  the  distance  from  the  quarter  to  the  curb,  will  not 
materially  exceed  the  longitudinal  rate,  thus  keeping  a  team  on  the 
same  rate  of  grade,  whether  they  are  going  straight  up  hill  or  taking 
a  diagonal  course  as  is  their  desire  if  left  to  themselves. 

This,  as  far  as  the  writer  knows,  is  the  only  formula  in  which  this 
holds  good. 

Another   point,   which   has   been   taken    into   consideration    and   is 
shown  in  the  following  formulas,  is  the  location  of  the  crown  when 
there  is  a  difference  in  the  elevations  of  the  curbs. 
Curb  -  B 

Tmm 

1 


l'"!"^'**-]  STREET    PAVING    CROWNS  307 


a —  h 

1    ^ 

Y 

B  — 

'    2 

6  4-"    (?  1=  the  elevation  at  A : 
2 

6  H ^  d  =  tlie  elevation  at  B  : 

4 

3  F 

o  +  fZ  =  the  elevation  at  B  ; 

i 

Y 

a  H — —  d  ;=  the  elevation  at  D  ; 

X  =  the  long  side  of  the  crown  ; 

Y  =  the  short  side  of  the  crown  ; 

a  =  the  width  of  the  roadway,  in  feet  and  hundredths  ; 

d  =  the  transverse  grade,  expressed  as  a  percentage. 

This  formula  puts  the  crown  and  quarter  points  in  such  a  position 
that  the  transverse  grades  from  gutter  to  quarter  and  from  quarter 
to  crown  will  be  the  same  as  if  the  curbs  were  level,  for  the  same 
longitudinal  grade. 

It  is  the  practice  in  Washington,  D.  C,  to  put  vitrified  block 
gutters  on  streets  on  vphich  the  longitudinal  grade  is  1.5%  or  less. 
This  does  not  change  the  formula,  as  0.1  ft.  is  added  to  the  curb 
side  of  the  gutters  for  the  rise  of  the  same.  The  crown  is  then  worked, 
using  the  distance  between  gutters  as  the  width  of  roadway. 

These  formulas  refer  particularly  to  streets  paved  with  sheet- 
asphalt,  but  for  asphalt  block,  granite  block,  or  other  pavements 
having  a  more  or  less  rough  surface,  and  therefore  giving  a  more 
secure  foothold,  it  can  be  used  equally  well  and  give  as  good  results 
by  the  addition  of  1  in.  to  the  amount  of  crown  given  by  the  above, 
This  gives  rates  a  little  steeper  from  gutter  to  quarter  and  from 
quarter  to  crown,  which  is  necessary,  as  these  materials  when  paved 
on  a  gravel  or  sand  base,  as  is  usually  the  case,  have  a  tendency  to 
settle  until  all  joints  are  entirely  closed  and  water  does  not  get  between 
them. 

These  crowns  give  transverse  grades  sufficient  to  carry  all  water 
to  the  gutters  as  rapidly  as  necessary,  besides  reducing  to  a  minimum 
the  number  of  accidents  caused  by  horses  falling;  and  it  produces  a 
section  which  is  pleasing  to  the  eye. 
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On  the  new  Catskill  Aqueduct  for  New  York  City  some  of  the  most 
difficult  problems,  both  in  design  and  construction,  have  been  encoun- 
tered in  the  deep  pressure  tunnels  or  siphons.  The  design  and  location 
of  these  tunnels  have  been  described  in  the  technical  press.*  The 
first  siphon  to  be  placed  under  contract  was  that  crossing  the  Rondout 
Valley,  near  High  Falls,  N.  Y.,  a  work  second  in  importance  only  to 
the  Hudson  River  crossing,  and  now  more  than  half  completed. f 

There  are  eight  shafts  on  the  Rondout  Siphon,  varying  in  depth 
from  374  to  710  ft.  (three  permanent  shafts  and  five  sunk  to  expedite 
the  construction  of  the  tunnel),  and  all,  excepting  Shaft  No.  4,  were 
completed  to  tunnel  grade  without  any  great  difficulty.  It  will  be 
noted  on  the  profile,  Pig.  1  and  Plate  XXVI,  that  the  tunnel  between 
Shafts  Nos.  8  and  5  passes  under  Rondout  Creek  and  its  buried  pregla- 
cial  gorge,  and,  due  to  a  sharp  steepening  of  the  dip,  also  passes 
through  a  number  of  different  rock  strata.  The  examination  of  expos- 
ures of  these  rocks  at  other  points  (and  preliminary  surveys  and  bor- 
ings) indicated  that  some  of  them  were  very  hard  while  others 
were  of  a  porous,  water-bearing  nature.    It  was  evident  from  the  start, 

*  Engineering  Record,  January  29th  and  February  5th,  1910  ;  and  Proceedings,  Mu- 
nicipal Engineers  of  New  York  City,  1909. 

t  A  description  of  the  power-plant  for  this  work  was  published  in  Engineering 
Record,  April  10th,  1909;  and  a  description  of  the  methods  of  tunnel  excavation  on 
January  1st,  1910. 
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therefore,  that  this  would  be  the  most  difficult  part  of  the  work,  and 
that  an  intermediate  shaft  would  be  required  in  order  that  the  progress 
might  be  kept  equal  to  that  in  other  parts  of  the  tunnel.  Any  location 
of  the  shaft  would  require  it  to  penetrate  the  strata  in  which  the 
trouble  was  expected,  and,  for  various  reasons,  the  choice  was  limited 
to  the  stretch  between  Stations  600  +  00  and  607  +  50,  as  shown  on 
Plate  XXVI. 

Diamond-drill  borings  were  put  down  in  the  vicinity  to  define  the 
strata,  and  at  Stations  600  +  00  and  607  +  50,  4-in.  shot-drill  borings 
were  made  to  permit  of  pumping  experiments  by  which  it  was  hoped  to 
determine  the  relative  porosity  of  the  rock.  An  oil-well  rig,  having 
a  capacity  of  about  90  gal.  per  min.,  was  used  in  these  experiments. 
The  ground-water  elevation  was  about  30  ft.  below  the  surface  at  both 
holes.  At  Station  607  -{-  50  the  discharge  was  about  50%  in  excess  of 
the  theoretical  capacity  of  the  pump,  reaching  a  maximum  of  130  gal. 
per  min.,  and,  although  1  071  000  gal.  were  pumped,  it  was  impossible 
to  lower  the  elevation  of  the  ground-water.  At  Station  600  -\-  00 
there  was  no  excess  in  discharge  over  the  capacity  of  the  pump,  and 
the  ground-water  level  was  lowered  53  ft.  by  pumping  2  020  000  gal. 
The  surprising  part  of  this  experiment  was  that  the  ground-water  level 
at  Station  607  +  50  was  also  lowered  15  ft.,  although  previous  pump- 
ing at  that  point  had  had  no  effect. 

The  water  at  both  points  was  strongly  impregnated  with  sulphur, 
and,  while  there  was  no  thoroughly  satisfactory  explanation  of  these 
phenomena,  the  theory  was  advanced  that  at  Station  607  +  50  gas  was 
liberated  by  the  churning  action  of  the  pump  and  thus  increased  the 
pressure,  forcing  the  water  through  the  working  barrel  of  the  pump. 
The  records  of  the  borings  showed  that  the  water  was  first  encountered 
in  the  Binnewater  sandstone.  This  entire  bed  is  exposed  in  a  vertical 
cliff  below  the  High  Falls,  on  Rondout  Creek,  less  than  a  mile  from 
the  tunnel  line,  and  examination  showed  it  to  be  a  soft,  coarse-grained 
sandstone  with  numerous  porous  layers,  probably  caused  by  the  solu- 
tion of  calcareous  material.  The  High  Falls  shale  immediately  below 
it  also  showed  considerable  porosity,  and  the  indications  were  that  the 
shaft  would  be  a  wet  one.  The  location  at  Station  600  +  00  seemed 
to  promise  a  better  shaft,  but  that  at  Station  607  -f-  50  gave  a  reduced 
length  of  tunnel  in  difficult  rock.  Both  locations  were  shown  in  the 
contract  drawings,  and  the  contractor  was  given  the  option  of  choos- 
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iug  either  one.  The  contractor  elected  to  sink  at  Station  607  +  50. 
The  result  of  the  pumping  experiments  was  to  include  in  the  contract 
provisions  for  an  emergency  pumping  plant  having  a  capacity  of  1  800 
gal.  per  min. 

The  total  depth  of  the  shaft  is  498  ft.  and  the  strata  penetrated 
were:  6  ft.  of  glacial  drift,  226  ft.  of  Helderberg  limestone,  39  ft.  of 
Binnewater  sandstone,  92  ft.  of  High  Falls  shale,  and  134  ft.  of 
Shawangunk  grit.  The  Helderberg  limestone  is  a  hard,  dark  gray  rock, 
with  layers  of  flinty  material  and  few  seams;  the  Binnewater  sand- 
stone is  a  soft,  gTceiiish,  fine-grained  rock  of  a  high  general  porosity, 
and  with  numerous  open  water-bearing  seams;  the  High  Falls  shale  is 
a  soft  rock,  thin-bedded  in  horizontal  layers,  with  numerous  seams,  and 
varying  in  color  from  light  green  to  red;  the  Shawangunk  grit  is  an 
exceedingly  hard,  white,  quartz  conglomerate.  The  shale  and  sand- 
stone grade  into  each  other  very  gradually,  the  latter  containing  numer- 
ous shaly  layers  and  vice  versa. 

The  contract  was  let  on  June  12th,  1908,  and  excavation  at  Shaft  No.  4 
was  started  on  July  20th,  1908,  air  being  supplied  from  a  temporary 
plant.  Less  than  four  months  later,  air  was  turned  on  from  the  large 
central  plant.*  The  shaft,  being  for  construction  purposes  only,  is 
rectangular,  10  by  22  ft.  over  all.  It  is  timbered  throughout  with  10 
by  10-in.  wall  plates,  6  by  8-in.  buntons  and  2-in.  lagging,  making 
its  size  8  by  20  ft.  inside  the  timbers,  and  is  divided  into  three  com- 
partments. Four  No.  12  Tandem  Cameron  sinking  pumps,  each  hav- 
ing a  capacity  of  450  gal.  per  min.,  and  one  No.  10  having  a  capacity 
of  300  gal.  per  min.,  were  ordered  for  the  emergency  pumping  plant, 
and,  pending  delivery,  several  No.  7  and  No.  9  Cameron  sinkers  were 
kept  in  reserve. 

The  shaft  was  dry  to  a  depth  of  80  ft.,  but,  on  September  2d,  the 
water  rushed  in  from  the  bottom  through  the  4-in.  bore-hole  at  an 
estimated  rate  of  from  600  to  800  gal.  per  min.,  and  the  shaft  was  filled 
to  within  40  ft.  of  the  top.  As  the  emergency  plant  had  not  then 
been  delivered,  a  simple  air-lift  was  installed  which  at  first  threw 
1  600  gal.  per  min.  As  the  efficiency  decreased,  due  to  lack  of  back 
pressure,  two  more  stages  were  added,  and,  with  the  aid  of  two  No.  9 
sinking  pumps,  the  water  was  lowered  to  within  a  few  feet  of  the 
bottom.     A  4-in.  swedged  nipple  was  then  driven  into  the  hole,  and 

*  Described  in  Engineering  Record,  April  10th,  1909. 
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casing  was  attached.  It  was  decided  to  grout  the  bore-hole,  and  a 
1-in.  pipe  was  let  down  inside  the  hole  to  the  grit  and  extended  to 
the  surface.  The  shaft  was  then  allowed  to  fill  up,  to  equalize  the 
pressure  and  prevent  flow,  and  1:1  grout  was  poured  down  the  1-in. 
pipe,  while  the  latter  was  raised  gradually.  When  the  hole  was  filled 
to  the  top  with  grout,  the  1-in.  pipe  was  withdrawn,  the  shaft  was 
unwatered,  and  sinking  was  resumed. 

From  this  point  to  the  bottom  of  the  limestone  the  shaft  was  so 
dry  that  occasionally  water  had  to  be  carried  down  to  mud  the  drills. 
It  was  realized,  however,  that  a  large  quantity  of  water  under  heavy 
pressure  was  present  in  the  lower  strata,  and  serioios  doubt  began  to 
be  felt  as  to  the  possibility  of  sinking  this  shaft  by  ordinary  methods. 
J.  F.  Sanborn,  Assoc.  M.  Am.  Soc.  C.  E.,  Division  Engineer  of  the 
Peekskill  Division,  Northern  Aqueduct  Department,  then  directed 
attention  to  the  recent  successful  use  of  the  cementation  or  grouting 
process  of  sinking.*  The  contract  called  for  grouting  behind  the  lin- 
ing of  the  completed  tunnel,  with  a  pressure  of  300  lb.  per  sq.  in.,  and 
the  delivery  of  this  apparatus  was  hastened. 

At  a  depth  of  215  ft.  the  shaft  entered  the  Binnewater  sandstone, 
and  in  this  formation  the  water  gradually  increased  until,  at  a  depth 
of  260  ft.,  the  shaft  was  making  225  gal.  per  min.  This  was  handled 
by  two  No.  9  Cameron  sinkers.  While  the  sump  was  being  drilled, 
on  December  20th,  1908,  an  additional  flow  of  about  600  gal.  came  in 
through  one  of  the  drill  holes  under  considerable  pressure,  quickly 
drowned  out  the  sinking  pumps,  and  flooded  the  shaft  to  within  70  ft. 
of  the  top.  Preparations  had  been  made  to  plug  any  water-bearing 
hole,  but  the  flow  was  of  unexpected  force  and  volume.  It  is  interest- 
ing to  note  that  the  water,  at  this  time  and  later  when  the  shaft  was 
flooded,  rose  to  a  lower  elevation  each  time,  indicating  that  the  pump- 
ing had  considerable  effect  on  the  general  water-table. 

A  long  delay  now  ensued  before  sinking  was  resumed.  A  single- 
stage  lift,  having  an  8-in.  discharge  and  2-in.  feed,  lowered  the  water 
to  within  60  ft.  of  the  bottom,  throwing  from  600  to  350  gal.  per  min. 
A  second  stage  of  the  same  size  was  then  installed,  discharging  into 
the  first  100  ft.  from  the  bottom.  This  had  an  initial  capacity  of 
500  gal.  per  min.,  and  lowered  the  water  to  within  30  ft.  of  the  bot- 
tom.   A  third  stage  was  added,  and,  with  the  aid  of  two  No.  12  Cameron 

*  Described  in  the  Amei-ican  Engineering  and  Mining  Journal,  August  1st,  1908. 
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-inkers,  each  having  a  capacity  of  450  gal.  per  min.,  the  bottom  was 
unwatored  on  January  24th,  1909,  the  No.  9  Cameron  pumps  were 
reeovorod,  and  the  liole-  was  plugged  with  a  2-in.  swedged  nipple  and 
gato-vnlvc.  A  gauge  on  the  pipe  indicated  a  pressure  of  75  lb.  Drill- 
ing was  resumed  for  the  purpose  of  finding  the  location  and  extent  of 
the  water-bearing  seams,  the  holes  being  plugged  with  pipes  and  valves 
as  water  was  encountered.  On  February  3d,  1909,  while  one  of  the 
pumjis  was  temporarily  out  of  commission,  two  of  the  holes  struck 
water.  The  discharge  hose  broke  on  the  second  pump,  when  speeded 
up.  and  the  shaft  was  again  flooded  and  the  pumps  drowned.  This 
was  the  beginning  of  a  series  of  troubles  with  the  pumps  which  will 
be  described  in  detail  later.  Due  to  their  great  weight,  the  high  head, 
and  the  consequent  force  of  their  pulsation,  these  pumps  gave  con- 
tinual trouble  with  their  discharge  lines,  and  discharge  and  suction 
hose  pipes.  These  troubles  were  minimized  later  by  fastening  them 
to  the  timbers  and  by  improvements  in  the  quality  of  the  equipment, 
but  the  sinking  jiumps  could  never  be  relied  on  for  satisfactory  ser- 
vice on  heads  greater  than  200  ft. 

The  pumps  were  recovered  by  using  the  air-lift  and  an  additional 
No.  12  pump  was  lowered  into  the  shaft.  On  February  10th,  before 
the  holes  in  the  bottom  could  be  plugged,  the  pumps  again  went  out 
of  commission  in  rapid  succession,  the  shaft  was  again  flooded,  and 
the  pumps  were  submerged.  Again  the  pumps  were  recovered  by 
the  air-lift  and  the  two  No.  9  Camerons;  the  bottom  was  uncovered 
and  the  holes  were  plugged  on  February  16th. 

Drilling  in  the  bottom  was  resumed  through  pipes  and  gate-valves 
which  could  be  closed  quickly.  The  leakage  from  the  sides  and  around 
the  pipes  in  the  bottom  had  now  risen  to  450  gal.  per  min.  With  the 
discharge  hose  and  gaskets  on  the  discharge  line  blowing  out  above,  and 
water  spurting  in  from  the  bottom,  difficulty  began  to  be  experienced 
in  getting  labor.  On  February  21st  the  shaft  was  again  flooded, 
due  to  pump  troubles,  and  was  not  recovered  by  the  air-lift  until 
:Nrarch  12th. 

A  sufficient  number  of  holes  had  now  been  drilled  to  indicate  that 
the  rock  for  at  least  the  next  8  ft.  was  soft  and  porous  with  several 
open  seams  of  a  maximum  width  of  8  in.  The  largest  seam  was  at 
one  point  within  18  in.  of  the  bottom  of  the  shaft.  The  behavior  of 
single  2-in.  drill-holes  made  it  unpleasant  to  contemplate  the  quantity 
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of  water  whicli  might  be  encountered  if  sinking  were  resumed.  Accord- 
ingly, it  was  decided  to  attempt  first  to  cut  off  the  water  by  grouting, 
a  matter  which  had  been  under  advisement  for  some  time.  As  the 
rock  lay  in  horizontal  layers,  it  was  hoped  that  the  water  would  not 
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follow  the  shaft  down,  but  could  be  completely  cut  off  by  grouting 

the  porous  layers. 

A  battery  of  four  Canniff  tank  grouting  machines,  Fig.  2,  was  set 

up  at  the  top  with  a  2i-in.  pipe  down  the  shaft  and  a  2-in.  hose  con- 
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iicction  at  the  bottom.  At  first  the  gi-out  leaked  back  into  the  shaft 
around  tlie  pipes  and  through  seams  in  the  bottom.  It  was  thought 
that  a  concrete  blanket  might  be  necessary,  but  the  difficulty  of  plac- 
ing it  would  have  been  great.  After  several  experiments,  finely-ground 
horse  manure  was  injected  with  the  grout.  Although  there  was  con- 
siderable waste  of  grout,  the  manure  finally  clogged  all  openings,  and 
the  bottom  was  made  tight.  In  three  days  2  900  bags  of  cement  were 
forced  in,  and  the  holes  were  then  blocked.  The  large  quantity  of 
cement  indicated  the  size  and  extent  of  the  seams.  After  the  grout  had 
set,  additional  holes  were  drilled,  and  struck  water  under  a  pressure 
of  65  lb.  at  a  depth  of  14  ft.  These  holes  were  then  grouted,  60  bags 
of  cement  being  used. 

Experience,  up  to  that  time,  indicated  that  the  sandstone  was  very 
porous  and  water-bearing,  and  the  High  Falls  shale  lying  underneath 
was  believed  to  be  little  better.  In  view  of  the  success  of  the  first 
grouting,  it  was  decided  to  put  diamond-drill  holes  down  to  the  top 
of  the  Shawangunk  grit,  and  to  attempt  to  grout  the  intervening  strata. 
The  distance  from  the  bottom  of  the  shaft  to  the  grit  was  100  ft.,  and 
it  was  decided  to  bore  six  holes.  At  first,  3-in.  holes  were  drilled  to 
a  depth  of  about  5  ft.,  swedged  nipples  with  gate-valves  were  driven  in 
tightly,  and  2i-in.  casing  was  extended  to  the  top  of  the  shaft  where 
the  diamond  drills  were  set  up.  Three  holes  were  drilled  by  a  Sullivan 
Badger  machine  taking  a  1-in.  core,  and  three  with  a  Sullivan  "C" 
machine  taking  a  2-in.  core.  Water  was  encountered  at  a  depth  of 
50  ft.  The  holes  were  continued  to  the  grit  and  175  bags  of  cement 
were  forced  in  under  a  pressure  of  275  lb.  The  small  quantity  of 
cement  required  was  looked  on  by  some  as  an  encouraging  sign  of 
better  conditions;  to  others  it  seemed  to  cast  doubt  on  the  efficiency  of 
the  grouting,  when  considerd  in  connection  with  the  depth  and  small 
diameter  of  the  holes.  Both  beliefs  were  shown  to  have  a  measure 
of  truth  by  later  developments.  The  shaft  was  now  making  225  gal. 
per  min.,  all  coming  in  from  the  sides. 

Sinking  was  resumed  on  April  25th,  1909,  after  a  delay  of  four 
months,  and,  in  the  first  15  ft.,  numerous  seams  were  passed  with  a 
maximum  width  of  8  in.  All  were  filled  with  grout,  and  were  tight. 
Below  this  point  no  large  seams  were  encountered,  but  the  seepage  from 
the  sides  increased  until  the  inflow  was  350  gal.  per  min.  at  a  depth  of 
280   ft.     Trouble   with   the   sinking   pumps   had   become   so    frequent. 
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due  to  the  high  lift,  that  it  was  decided  to  put  in  a  collecting  ring 
and  establish  a  station  at  a  depth  of  265  ft.  A  sketch  of  a  typical 
ring  is  shown  on  Fig.  3.  The  pumps  on  the  bottom  discharged  into 
the  ring,  and  the  water  was  relayed  to  the  top  by  two  No.  12  Cameron 
sinkers,  which  were  protected  from  blasts  by  a  bulkhead  of  timbers. 
Sinking  was  resumed,  and  when  the  shaft  had  reached  a  depth  of 
300  ft.  and  was  making  450  gal.  per  min.,  a  second  ring  was  installed 
with  one  No.  12  Cameron  sinker  pumping  to  the  surface.  The  second 
ring  intercepted  about  100  gal.  per  min.,  the  upper  ring  still  being 
used  as  a  station  for  the  two  No.  9  Cameron  sinkers  on  the  bottom. 
As  the  excavation  proceeded,  a  2-in.  seam  was  encountered,  increas- 
ing the  inflow  to  625  gal.  per  min.,  and  a  third  ring  was  added.  The 
water  was  strongly  charged  with  sulphur;  and  the  Ha^  ^^^^'  which 
had  been  giving  more  or  less  trouble,  now  increased  to  9  parts  in  10  000. 
The  water  caused  cuts  and  abrasions  in  the  flesh  to  develop  into  run- 
ning sores,  and  the  gas,  in  addition  to  a  general  debilitating  effect, 
irritated  the  eyes  greatly,  causing  temporary  blindness.  Great  diffi- 
culty was  experienced  in  getting  men,  and  it  was  necessary  to  raise 
the  pay  and  shorten  the  hours  of  work.  The  bottom  was  flooded  several 
times,  but  the  water  never  rose  higher  than  the  first  ring. 

The  shaft  was  now  (July,  1910)  about  320  ft.  deep,  and  was  so  full 
of  pumps  and  their  air  and  discharge  lines  that  it  was  almost  impos- 
sible to  do  any  work.  A  step  which  should  have  been  taken  earlier,  but 
had  been  postponed  by  a  hope  of  improvement  in  the  rock,  was  now 
decided  on,  namely,  a  station  chamber  in  the  side  of  the  shaft. 

On  July  15th  the  pumps  at  the  upper  ring  broke  down  and  the 
shaft  was  flooded  for  the  sixth  and  last  time.  The  shaft  was  unwatered, 
the  six  pumps  at  the  bottom  were  recovered  by  the  invaluable  air-lift, 
and  the  excavation  of  the  chamber  was  started  on  August  1st  at  a 
depth  of  309  ft.  The  chamber,  as  shown  on  Fig.  2,  was  17  by  24  ft. 
and  10  ft.  high,  and  had  a  sump  16  by  22  ft.  and  5^  ft.  high,  having 
a  capacity  of  14  500  gal.  Three  24  by  10  by  20-in.  Cameron  horizontal 
condensing  pumps,  with  a  combined  capacity  of  1  050  gal.  per  min., 
were  installed  in  the  chamber.  To  relieve  the  heavy  load  on  the  power- 
house, it  had  been  decided  to  run  these  pumps  by  steam,  and  three 
100-h.p.  boilers  were  set  up  at  the  top  of  the  shaft.  A  4-in.  steam 
line  from  the  boilers  to  the  pumps  was  wrapped  successively  with 
asbestos,  felt,  and  tin,  to  prevent  the  condensation  of  the  steam  and 
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fog  in  the  shaft.  A  water-bearing  seam  was  encountered  in  the  cham- 
ber, increasing  the  inflow  to  725  gal.  per  min.,  and  during  the  excava- 
tion the  number  of  pumps  in  the  shaft  increased  to  ten,  of  all  sizes 
and  styles.  By  this  time  the  gas  had  become  so  bad  that  it  was 
necessary  to  ventilate  the  shaft.  Three  Sturtevant  blowers  (two  No. 
35  and  one  No.  45)  were  installed  at  the  top,  with  10-in.  and  14-in. 
pipe  lines.  A  mixture  of  1  part  of  chloride  of  lime  and  20  parts  of 
ordinary  lime  was  also  sprinkled  continuously  down  the  sides  of  the 
shaft.  After  steam  was  turned  on,  nearly  two  weeks  were  consumed 
in  removing  superflous  pumps,  air-lines,  and  discharge  pipes  from  the 
shaft.  All  water  from  the  rings  was  either  pumped  or  led  by  gravity 
into  the  sump  at  the  chamber. 

Sinking  was  resumed  on  September  9th,  1909  (a  pilot  drill-hole 
being  kept  well  below  the  bottom)  and  all  seams  were  grouted  in 
advance,  none  of  them  taking  more  than  50  bags  of  cement,  until  the 
grit  was  reached.  There  was  still  some  seepage  from  the  sides,  which 
sprayed  in  the  shaft  and  increased  the  bad  effects  of  the  sulphur  and 
gas.  Several  rings  with  small  horizontal  pumps  were  installed  to  pre- 
vent this.  At  the  contact  with  the  grit  an  additional  flow  of  125  gal. 
per  min.  came  in  through  the  old  preliminary  drill-hole  which  had  been 
previously  grouted,  increasing  the  total  flow  to  850  gal.  per  min. 
This  hole  was  plugged  with  a  nipple  and  gate-valve,  and  registered  a 
pressure  of  95  lb.  The  flow  was  cut  off  by  forcing  in  348  bags  of 
cement  under  a  pressure  of  275  lb.  All  water-bearing  seams  in  the 
grit  were  grouted,  the  maximum  quantity  of  cement  used  at  any  point 
being  100  bags.  Sinking  was  continued  until  December  31st,  1909, 
when  the  shaft  reached  tunnel  grade  at  a  depth  of  497  ft.,  and  the 
headings  were  turned.  The  elapsed  time  from  the  start  of  excava- 
tion was  18  months,  an  average  monthly  progress  of  28  ft.  Exclusive 
of  delays  due  to  trouble  with  pumps,  the  average  monthly  progress 
was  45  ft.  The  highest  monthly  progress  was  80  ft.,  which  was  made 
in  the  limestone.  The  total  quantity  of  water  pumped  during  the  sink- 
ing was  86  181  000  000  ft-gal.,  and  the  total  quantity  of  cement  used 
for  grouting  was  971  bbl. 

The  general  method  of  excavation  was  to  sink  about  65  ft.  below 
the  timbers  and  then  place  about  50  ft.  of  timber,  the  lower  dead-logs 
being  about  15  ft.  above  the  bottom  of  the  sump.  After  large  flows  of 
water  were  encountered,  it  was  found  necessary  to  keep  timbers  close 
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to  the  bottom,  for  convenience  in  handling  pumps  and  hanging  them 
and  their  air  and  discharge  lines.  Wire  guides  were  carried  down  to 
the  bottom  of  the  timbers,  and  a  cross-head  or  "billy"  was  used  with 
the  bucket.  Excavation  was  made  with  a  center  cut  or  sump  and  two 
side  or  bench  cuts,  by  the  continuous  method,  drilling  and  mucking 
proceeding  simultaneously,  as  indicated  in  Fig.  4.  Drilling  was  started 
on  the  cut  with  four  3i-in.  Ingersoll  drills  mounted  on  two  quarry 
bars,  as  soon  as  the  bench  muck  had  been  cleared  away.  The  sump 
was  then  shot,  and  drilling  was  started  on  one  bench  while  the  sump 
was  being  mucked.  This  bench  was  shot  at  soon  as  the  sump  had  been 
cleaned  out,  and  drilling  was  then  started  on  the  other  bench.  The 
average  number  of  holes  for  a  complete  advance  was  32,  and  the 
average  advance  was  about  7  ft.  The  pumps  were  hoisted  into  the 
timbers  while  blasting. 

When  the  inflow  became  great,  the  pumps  were  kept  in  operation 
during  blasting.  The  shaft  was  excavated  in  separate  halves,  the 
pumps  being  moved  to  the  opposite  end  of  the  shaft  and  protected 
by  a  bulkhead.  After  the  station  chamber  was  in  operation,  the  water 
was  kept  off  the  bottom  as  much  as  possible  by  rings,  and  the  former 
method  was  resumed.  The  superintendents  and  laborers  employed  at 
this  shaft  were  mostly  trained  shaft-sinkers,  drawn  from  the  Pennsyl- 
vania coal  fields. 

The  methods  used  in  grouting  differed  somewhat  in  detail,  but  in 
general  were  as  follows :  A  2-in.  pipe  (with  gate-valves)  was  driven 
into  the  hole  as  far  as  possible.  There  was  great  difficulty  in  getting 
tight  packing  around  these  pipes,  and  preventing  leakage  of  grout  back 
into  the  shaft.  Wooden  wedges,  flannel,  oakum,  oil-well  packers,  and 
cement  were  used  freely,  but  at  times  it  was  necessary  to  resort  to  the 
horse  manure.  A  pressure  of  from  100  to  275  lb.  was  used,  the  former 
being  obtained  from  the  main  air-line  and  the  latter  from  a  small 
Westinghouse  high-pressure  compressor.  The  grout  machines  were 
placed  at  the  top  of  the  shaft  and  connected  with  the  hole  by  a  2i-in. 
pipe.  The  long  pipes  clogged  somewhat,  and  cut  down  the  quantity 
of  sand  which  could  be  used,  but  the  difficulty  of  operating  the  ma- 
chines at  the  bottom  would  have  been  too  great.  A  battery  of  from 
four  to  six  Canniff  air  mixing  tank  machines  was  used,  and  connected 
to  one  pipe.  Owing  to  the  simplicity  and  rapidity  of  their  operation, 
these  machines  are  admirable  for  forcing  in  large  quantities  of  grout. 
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and  kept  an  almost  continuous  stream  of  it  passing  down  the  pipe. 
Between  batches,  a  minimum  pressure  of  IOC  lb.  was  kept  on,  to  hold 
the  grout  in  place,  as  the  back  pressure  from  the  water  was  at  times 
as  high  as  95  lb.  A  very  weak  mixture  was  used  at  first  and  the 
quantity  of  cement  was  increased  gi'adually;  if  this  continued  to  flow 
freely  sand  was  added  until  the  pipe  began  to  clog.  All  grouting 
was  as  nearly  continuous  as  possible,  and  was  uniformly  successful 
(except  with  the  deep  diamond-drill  holes),  at  one  time  cutting  off  a 
leakage  of  more  than  400  gal.  per  min.  With  the  diamond-drill  holes, 
it  is  believed  that,  in  addition  to  the  length  and  small  diameters  of  the 
holes,  the  partial  failure  was  due  to  the  fact  that  the  chips  and  dust 
caused  by  the  drilling  clogged  the  seams.  Experience  seemed  to  show 
that,  with  the  stratified  rock  (as  had  been  anticipated),  the  water 
cut  off  was  not  forced  into  the  shaft  at  a  lower  level.  The  grout 
set  very  slowly  and  developed  little  strength,  although  the  waste  grout 
carried  out  through  the  pumps  finally  set  outside. 

For  any  head  of  more  than  200  ft.  the  sinking  pumps  gave  very  poor 
results,  for  a  number  of  reasons.  The  main  reliance  was  placed  on 
four  No.  12,  19  by  19  by  12  by  16-in.  Camerons,  with  a  10-in.  suction 
and  8-in.  discharge.  Each  pump  weighed  about  5  tons  and  they  were 
so  large  that  they  could  not  be  passed  by  each  other  in  the  same  com- 
partment. Against  high  heads  they  never  pumped  much  more  than 
half  their  rated  capacity,  because,  when  speeded  up  against  the  heavy 
back  pressure,  the  pulsation  was  so  great  that  it  soon  tore  them  loose 
from  their  connections.  The  vibration  was  so  great  on  a  flange-joint 
discharge  line  that  bolts  and  flanges  broke  continually,  and  it  was 
necessary  to  replace  it  by  a  screw-joint  line.  One  gi'eat  trouble  was 
the  impossibility  of  making  rigid  connections  with  the  discharge  line. 
Wire-wound  discharge  hose,  rewound  with  rope,  frequently  gave  way 
under  the  pressure,  and  the  connections  between  the  hose  and  the 
pumps  were  continually  failing. 

Prior  to  the  installation  of  the  horizontal  pumps  in  the  chamber, 
the  air-lift  was  the  one  and  only  reliable  part  of  the  unwatering  equip- 
ment. It  was  very  wasteful  of  power,  but  made  unnecessary  both  a 
large  reserve  of  pumps  and  the  slow  and  tedious  process  of  staging 
them  down  the  shaft  when  it  was  flooded.  It  was  efficient  until  the 
depth  of  water  in  the  shaft  was  less  than  60%  of  the  total  depth  of 
the  shaft.     When  the  water  was  lowered  to  40%  of  the  total  depth, 
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the  air-lift  was  usually  staged.     Sinking  pumps  were  always  required 
to  take  out  the  last  10  or  15  ft.  of  water. 

Pumps  operated  by  steam  required  about  half  as  much  boiler-horse- 
power and  half  as  much  coal  as  for  operation  by  air.  When  it  is 
considered  that  there  was  a  central  power-plant  for  delivering  air, 
and  that  the  cost  of  installation,  maintenance,  and  hauling  coal  must 
be  considered  as  an  extra,  it  is  probable  that  the  steam  plant  effected 
no  economy.  The  principal  cause  for  its  installation  was  an  insurance 
against  accident  or  delay  due  to  any  break-down  or  overloading  of 
the  central  power-plant.  Steam  was  never  used  with  the  sinking 
pumps,  on  account  of  the  excessive  heat  and  the  fogging  of  the  shaft 
which  would  result.  The  steam  horizontal  pumps  used  in  the  chamber 
were  condensing,  thus  preventing  this  difficulty.  The  air  gave  con- 
siderable trouble  by  freezing  up  the  pumps,  although  re-heaters  and 
drips  were  used. 

As  a  source  of  difficulty  and  delay  in  sinking  this  shaft,  the 
HgS  gas  was  second  only  to  the  water.  It  is  believed  to  be  due  to  the 
decomposition  and  dissolution  of  pyrites  in  the  rock,  under  the  heavy 
pressure.  The  gas  arising  from  the  shaft  soon  oxidized  the  paint  on 
a  building  100  ft.  away,  and  the  discharge  water  would  tarnish  silver 
coins  in  less  than  a  minute.  In  addition  to  their  debilitating  effect  on 
the  men,  the  gas  and  water  attacked  pipes,  cables,  rubber  gaskets,  and 
hose  with  serious  effect. 

It  is  believed  that  an  ultimate  economy  might  have  been  effected 
by  constructing  the  chamber  earlier,  and  at  a  higher  level,  with  per- 
haps a  second  chamber  in  a  lower  position.  The  completion  of  the 
shaft  is  due  to  the  successful  use  of  the  process  of  cementation,  or 
grouting.  The  quantity  of  water  which  might  have  been  encountered 
without  grouting  is  largely  a  matter  of  speculation,  but  it  is  thought 
that  it  would  have  approached  the  sum  of  the  amounts  encountered 
at  different  times.  One  of  the  things  which  lead  to  this  belief  is  the 
fact  that,  while  ungrouted  inflows  near  the  top  of  the  shaft  showed 
a  very  slow  and  steady  decrease  due  to  the  general  lowering  of  the 
water-table,  the  rate  was  apparently  unaffected  when  new  flows  of  from 
300  to  400  gal.  per  min.  were  encountered  at  the  bottom.  Another 
is  the  fact  that  an  inflow  of  about  2  000  gal.  per  min.  was  encountered 
in  the  same  strata  in  the  tunnel,  between  Shafts  Nos.  3  and  4. 

All  water  pumped  from  this  shaft  was  paid  for  under  the  contract 
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Fig.    1. — Headframe   axd   WATER-MEAst'RiNG    Device,    at    Shaft    No.    4. 
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Fig.    2. — Air-Lift.    Discharging    1  200    Gal.    Per    Min. 
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at  $0.30  per  1000  000  ft -gal..  emergency  pumping  plant   was 

also  paid  for  under  a  liunp  »...„.  ....  price.  The  water  wa=^  measured 
by  a  6-in.  square  orifice,  a  record  of  the  head  being  obtained  by  a 
Frier  automatic  water  register.  The  orifice  was  calibrated  and  checked 
from  time  to  time  by  a  box- weir  and  hook-gauge.  T  -  -  -;  ^ 
tank  and  orifice  are  shown  by  Fig.  1,  Plate  XXYIH.  .v  ^- 

unless  otherwise  stated,  are  actual  registered  quantities. 

The  Kondout  Pressure  T\innel  is  being  const^  •: 

for  the  City  of  New  York  xinder  the  direction  of  :!:- -  -r 

Supply.  J.  Waldo  Smith,  M.  Am.  Soc.  C.  E..  Chief  Engineer:  Eobert 
Ridgway,  M.  Am.  Soc.  C.  E..  Department  Engineer,  Xortheana 
Aqueduct  Department;  Lazarus  White,  Assoc.  M.  Am.  Soc.  C.  E., 
Division  Engineer,  Esopus  Division;  and  Mr.  Bertrand  H.  Wait,  Sec- 
tion Engineer,  Sections  Xos,  5  and  6.  The  cv>ntractors  an?  the 
T.  A.  Gillespie  Company.  Mr.  Robert  Swan.  Ylce-Pres  '  •  Gen- 

eral Manager,  and  Mr.  K.  J.  Gillespie,  General  Sxiperii:.., 

The  writer  wishes  to  express  his  thanks  to  Mr.  Wait,  who  was  in 
actual  charge  of  the  work,  and  collected  the  data  frv»m  which  this 
pajier  was  prepared. 
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PRELIMINARY  INVESTIGATIONS. 

Mr.  Logan  W.  Page,  M.  Am.  Soc.  C.  E. — There  are  at  the  present  time 
'  many  features  in  American  practice  which  render  the  satisfactory 
application  of  preliminary  investigations  to  highway  construction  un- 
necessarily difficult.  It  is  the  object  of  this  discussion  to  point  out 
some  of  the  most  prominent  of  these  obstacles  and  to  suggest  certain 
means  of  remedying  them. 

The  present  status  of  experimental  road  work  in  the  United  States 
is  far  from  satisfactory.  It  must  be  admitted,  however,  that  much 
progress  along  experimental  lines  has  been  made  during  the  past  few 
years  by  certain  individual  investigators  and  public  service  bodies, 
and  a  general  improvement  in  methods  of  construction  and  plans  for 
the  investigation  of  previous  work  is  noticeable  throughout  the  country. 
The  best  that  can  be  said,  however,  is  that  a  start  only  has  been  made 
along  the  right  lines,  and  that  much  yet  remains  to  be  done. 

Since  1907  a  great  number  and  variety  of  experiments  with  dust 
palliatives  and  road  binders,  in  the  treatment  and  construction  of  roads, 
have  been  conducted  by  American  road  engineers,  but  the  greater  part 
of  this  work  has  been  of  practical  value  to  the  experimenter  only. 
Many  valuable  experiments  have  not  been  published  in  such  form  as 
to   assist   others   engaged   in   similar  work,   and  the  general   criticism 

*  At  meetinars  held  January  30th  and  ^Ist,  1911.  As  much  of  this  discussion  as  possible 
is  printed  in  Proceedings  in'order  that  the  views  expressed. may  be  brought  before  all 
members  for  further  discussion. 
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may    be    made    that    in   the    majority    of    published    reports    the    data    iMr. 
presented    are   both    meager    and    incomplete.      Moreover,    the    results    ^*^ 
obtained   from   these  experiments   have  not   been   properly   correlated 
or  digested.     This,  of  course,  may  be  accounted  for,  to  some  extent,  by 
the  fact  that  sufficient  time  has  not  yet  elapsed  to  obtain  final  results, 
particularly  in  experimental  road  construction. 

Without  entering  into  detail,  it  may  be  said  that  at  present  there  is 
a  lamentable  lack  of  knowledge  among  road  engineers,  as  a  class, 
regarding  even  the  types  of  dust  preventives  and  road  binders  now 
obtainable;  and  in  many  cases  there  is  complete  ignorance  concerning 
the  physical  and  chemical  properties  of  such  materials.  This  seems 
to  be  a  rather  unfortunate  state  of  affairs  when  it  is  realized  that  such 
knowledge  is  essential  to  their  intelligent  use. 

Without  in  any  way  belittling  the  good  work  already  done,  and  the 
earnest  endeavors  of  many  engineers,  one  other  criticism  may  be  made 
in  regard  to  the  experimental  road  work  of  the  past.  This  refers  to  the 
lack  of  co-operation  among  experimenters  regarding  the  general  lines 
which  have  been  followed.  Thus,  in  certain  instances  one  may  find 
that  a  bituminous  material  used  satisfactorily  by  one  experimenter  in 
construction  work  has  been  used  by  another  in  surface  treatment  with 
bad  results,  as  might  have  been  expected.  Without  attempting  to  as- 
certain the  cause  of  failure,  one  will  discredit  this  particular  material 
while  the  other  will  extol  it.  A  third  party  wishes  to  surface-treat 
or  construct  a  road,  and,  hearing  opposite  opinions  from  the  first  two 
experimenters,  is  at  a  loss  to  know  whether  or  not  to  use  the  material 
in  question.  As  a  rule,  without  regard  to  the  experience  of  either,  or 
taking  the  trouble  to  find  out  the  cause  of  the  difference  of  opinion, 
he  decides  to  make  an  experiment  of  his  own,  and  often  repeats  mis- 
takes which  have  previously  been  made. 

To  remedy  this  condition  of  affairs,  the  following  suggestions  are 
offered : 

(1)  That  all  engineers  interested  in  modern  road  problems  make 
a  special  study  of  bituminous  and  other  road  materials,  with 
regard  to  their  origin,  classification,  methods  of  production  or 
manufacture,  and  their  physical  and  chemical  characteristics; 

(2)  That  a  systematic  examination  be  made  of  all  dust  pre- 
ventives and  road  binders  used  in  experimental  work,  and 
that  complete  reports  of  such  examination  be  included  in  all 
published  descriptions  of  experiments; 

(3)  That  a  detailed  description  of  the  method  of  application  or 
construction  be  made  in  all  published  reports,  and  that  a 
statement  of  all  peculiar  local  conditions  in  connection  with 
each  experiment  be  included  in  these  reports; 

(4)  That,  whenever  practicable,  a  careful  traffic  census  be  taken 
for  all  roads  which  have  been  surface-treated  or  constructed 
with  bituminous  or  other  binders; 
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Mr.  (5)   That    more    attention    be    paid    to    comparative    experiments 

carried  on  vmder  a  given  set  of  conditions,  where  various  road 
binders  are  used  according  to  one  or  more  methods; 
(6)  That  experiments  be  conducted  vpith  the  view  of  determining 
the  relative  economic  value  of  surface  treatment  and  construc- 
tion with  various  road  binders,  especially  in  connection  with 
the  traffic  to  which  the  road  is  subjected. 

The  first  of  these  recommendations  may  be  passed  without  further 
comment.  With  regard  to  the  second,  it  may  be  said  that  the  methods 
of  examination  of  road  binders  should  be  standardized,  in  order  that 
the  results  of  examination  be  properly  interpreted  by  all.  For  a 
number  of  reasons,  such  standardization  is  a  difficult  matter  to  accom- 
plish, but  it  is  to  be  hoped  that  certain  standards  will  be  generally 
adopted  in  the  near  future,  as  a  result  of  the  work  of  this  Society  and 
the  American  Society  for  Testing  Materials. 

With  regard  to  the  construction  of  experimental  bituminous  roads, 
it  is  suggested  that  more  attention  be  paid  to  the  economical  develop- 
ment of  the  mixing  method,  which,  in  the  speaker's  opinion,  will 
eventually  prove  best  adapted  for  the  more  important  highways. 

In  the  speaker's  judgment,  the  importance  of  taking  a  traffic  census 
has  been  greatly  underestimated  in  the  United  States  It  is  quite 
evident  that  the  selection  of  a  suitable  type  of  road  for  any  locality 
should  be  governed  largely  by  the  volume  and  character  of  traffic  to 
which  the  road  will  be  subjected,  and  yet  but  little  attention  is  com- 
monly given  to  this  matter.  Attention  is  rarely  given  to  more  than 
the  general  nature  of  the  traffic;  that  is,  whether  it  is  heavy  or  light, 
and  whether  it  consists  mainly  of  motor  vehicles  or  horse-drawn  vehicles. 
What  is  considered  as  heavy  traffic  for  one  locality  may  be  considered 
as  light  for  another,  and,  therefore,  it  would  seem  to  be  most  important 
that  a  detailed  record  be  made  of  both  the  character  and  the  volume  of 
traffic  for  each  individual  road  of  importance. 

With  regard  to  comparative  experiments  made  under  the  same 
general  conditions,  there  is  one  point  which  should  be  emphasized, 
namely,  that  the  results  of  such  experiments  should  be  interpreted,  not 
necessarily  as  showing  unquestioned  comparative  values,  but  mainly 
comparative  values  under  a  given  set  of  conditions.  This  leads  to  a 
closely  related  subject  which  may  be  mentioned  in  conclusion,  that  is, 
the  futility  of  attempting  to  formulate  standard  specifications  for 
bituminous  road  materials.  It  has  been  the  speaker's  experience  that 
a  given  binder,  used  according  to  a  prescribed  method,  with  satis- 
factory results  under  a  given  set  of  conditions,  may  prove  quite  un- 
satisfactory when  used  according  to  the  same  method,  under  a  different 
set  of  conditions.  The  framing  of  satisfactory  specifications  for 
bituminous  binders,  therefore,  must  continue  to  be,  as  in  the  past,  a 
matter  of  expert  judgment. 
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W.  W.  Crosby,  M.  Am.   Soc.  C.  E. — In  the  work  of  preliminary     Mr. 
investigation  it  is  necessary  to  consider  how  the  actual  performance    '^°^  ^' 
of  the  work  to  be  accomplished  may  be  carried  out,  before  a  decision 
as  to  the  method  to  be  adopted  may  be  reached. 

Owing  to  the  fact  that  the  speaker  has  so  frequently  heard  expressed 
the  desire  for  a  panacea  or  cure-all  for  road-ills,  in  the  way  of  a  par- 
ticular method  of  using  any  material,  and  that  he  feels  there  is  still 
remaining,  in  some  quarters  at  least,  a  mistaken  idea  of  his  attitude  on 
tliese  questions,  in  spite  of  his  previous  utterances  on  this  subject,  he 
desires  to  nuike  a  brief  statement  of  his  position. 

Any  tendency  to  establish  a  panacea  for  either  method  or  material 
is  to  be  regretted,  because  any  such  idea  is  improi)erly  based  and 
impossible  of  accomplishment,  and  because  each  problem  should  be 
solved   individually. 

The  speaker  believes  that  even  the  relative  values  of  the  four 
common  methods  in  use,  namely.  Palliatives,  the  Surface  Treatment, 
the  Penetration  Method,  and  the  Mi.xing  Method,  have  nut  been  as 
clearly  established  from  observed  and  recorded  facts  as  is  necessary 
for  a  final  opinion  as  to  which  method  should  be  used,  even  when  all 
other  circumstances  in  the  case  may  be  accurately  known.  The  speaker 
considers  that  each  method  has  its  limitations,  though  they  may  not  be 
sharply  defined  at  i)resent,  and  that  there  are  many  good  arguments 
for  each. 

Palliatives  have  tiieir  main  use  on  roads  of  light  traffic,  already  in 
good  condition  as  to  surfacing;  where  excessive  smoothness  is  un- 
desirable; where  there  are  esthetic  objections  to  other  methods;  where 
their  convenience  of  application  demands  serious  consideration;  and 
where  annual  cost  nuiy  not  be  a  controlling  factor. 

Surface  treatments  are  limited  to  roads  with  good  surfaces;  of 
moderate  traffic;  where  a  fair  degree  of  smoothness  of  surface  and  the 
resulting  appearances  from  "glaze"  or  color  may  not  be  objectionable; 
where  the  cost  under  the  traffic  may  not  be  excessive;  and  where  the 
convenience  of  their  application  is  desirable  of  consideration.  It  will 
probably  be  generally  acknowledged  that  the  records  as  yet  are  not 
clear  as  to  the  amount  of  traffic  that  can  be  cared  for  successfully  by 
the  surface  treatment,  or  as  to  its  economy  under  known  traffic 
conditions. 

Penetration  methods  are  limited  to  the  resurfacing  of  old  roads  or 
the  construction  of  new  ones.  Tlioir  relative  economy  is  by  no  means 
clear  as  yet,  nor  is  their  relative  efficiency  under  known  traffic  condi- 
tions apparent.  A  great  argument  in  favor  of  their  adoption — in 
addition  to  the  theoretical  ones  which  have  probably  been  covered 
too  fully  in  the  past  to  need  repetition  here — has  been  the  practical 
one  that  it  was  so  much  easier  to  induce  lay  boards,  or  officials,  con- 
trolling the  work,  to  "si)rinkle  some  pitch  on  the  stone  before  applying 
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Mr.  the  chips,"  than  it  was  to  induce  them  to  invest  a  portion  of  their 
^"  limited  funds  in  the  equipment  necessary  for  the  mixing  method. 
Undoubtedly,  this  condition  of  affairs  has  also  been  furthered  by  the 
attitude  of  certain  patentees,  who  have  so  often  made  such  broad 
claims,  as  to  the  extent  of  their  patents,  as  to  scare  many  laymen  into 
avoiding  any  mixing  method,  even  when  they  were  convinced  that  some 
such  might  be  desirable,  and  were  ready  to  make  the  investment  for 
equipment.  Consequently,  the  penetration  method  has  secured  an  addi- 
tional argument,  perhaps  in  some  cases  unjustly,  though  the  speaker 
wishes  to  avoid  any  lack  of  clearness  as  to  his  opinion.  He  still  firmly 
believes  in  his  previous  arguments  as  to  the  correctness  of  the  principles 
underlying  the  method,  and  he  submits  that  as  yet  no  appreciable 
amount  of  direct  evidence  has  been  recorded  to  disprove  either  these 
theories  or  the  actual  value  in  practice  of  the  method  for  many  cases. 
The  penetration  method  is  probably  limited  in  its  actual  use  to  roads 
with  more  than  a  minimum  of  traffic,  but  what  that  minimum  is,  as 
yet,  is  not  satisfactorily  clear;  to  roads  where  extreme  firmness  and, 
perhaps,  smoothness  of  surface  are  not  objectionable;  where  the  dark 
color  is  not  a  serious  cause  for  criticism;  and  where  the  cost  in  the 
long  run  is  not  excessive.  It  may  be  an  especially  valuable  process  for 
reconstrviction. 

The  mixing  method  is  also  limited  in  application  to  reconstruction 
or  new  construction.  It  may  be  said  that  the  first  three  methods  apply 
to  maintenance  and  the  last  two  to  construction,  making  the  third  (the 
penetration  method)  lap  the  dividing  line.  The  mixing  method  is  also 
probably  limited  in  use  by  the  same  considerations  as  in  the  case  of 
the  penetration  method,  though  the  difference  in  first  cost  of  the  two 
methods  may  result  in  some  variation  in  the  solution  of  a  problem. 

The  value  of  a  definite  form  of  treatment  is  largely  dependent  on 
the  amount  and  character  of  the  traffic.  The  present  method  of  taking 
records  is  to  count  the  traffic  under  certain  classifications,  as  one-horse, 
two-horse,  three-horse,  etc.,  for  the  horse-drawn  trafiic,  and  the  light 
and  heavy  motor  cars  and  motor  trucks  for  the  motor-car  traffic.  In 
the  speaker's  experience,  a  comparison  of  records  taken  in  this  manner 
is  extremely  difficult.  For  instance,  on  various  roads,  he  has  records 
which  have  been  accumulating  for  a  number  of  years,  and,  even  when 
they  are  all  tabulated,  it  is  difficult  to  compare  the  results. 

If  engineers  will  experiment  a  little  in  obtaining  such  information, 
and  assign  a  unit  to  each  class  of  traffic,  so  that  the  data  can  be  reduced 
to  units,  the  comparison  of  results  on  different  roads  will  be  simple. 
As  an  illustration,  ridden  horses  might  be  given  a  value  of  1,  single- 
horse  teams  the  value  2,  two-horse  teams  the  value  4,  motor  cycles  the 
value  1,  runabouts  or  motor  cars  in  general,  except  trucks,  the  value 
of  even  double  the  number  of  seats  in  the  car,  and  motor  trucks  a  value 
of  1  for  each  250  lb.  of  capacity,  then  the  traffic  could  be  reduced  to  a 
single  unit  for  purposes  of  comparison. 
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Such  a  scheme  is  suggested  with  the  idea  of  obtaining  a  method  by     Mr. 
which  results  can  be  compared,  and  so  that  engineers  can  judge  of  the '^'''*''*'^" 
relative  value  of  the  different  treatments,  methods  of  construction,  and 
possibly  of  the  different  materials  used. 

To  sum  up :  The  selection  of  a  method  to  be  used  for  a  particular 
case,  when  arranged  diagrammatically,  may  look  as  complicated  as  the 
pedigree  of  an  Arabian  horse  traced  back  even  a  few  generations. 


DUGRAMMATIC  ARRANGEMENT  OF   CONTROLLING  FACTORS   INFLUENCING 

THE  Selection  of  the  Method  to  be  Adopted. 


Method  to  be  used :    -| 


Physical 
Suitability 

of 
Results : 


Human,  or 
Personal 
Elements : 


First  Cost:       <! 


f  Esthetics; 
Trafiic; 
Smoothness, 

or 
Firmness; 
Dustiness, 

or 
Cleanliness; 

etc. 

Equipment; 
Cost  of  materials; 
Cost  of  skilled  labor; 
Cost  of  ordinary  labor; 
Workable  season; 
etc. 


Cost  of 
Maintenance:  < 


''  Repair  equipment; 
Cost  of  materials; 
Cost  of  using  materials; 
Workable  season,  and  interfer- 
ence with  repairs; 
Frequency  of  repairing; 
etc. 

'  Control  by  laymen,  or  by  engi- 
neers ; 

Local  or  personal  prejudices  or 
desires; 

Knowledge  of  actual  facts  by 
controlling  authority; 

Tendency    of    controlling    au- 
thority to  accept  other  facts 
or  theories; 
etc. 


Further  divisions  of  this  diagram  may  be  carried  out  almost 
indefinitely.  That  which  is  shown  will  serve  for  the  illustration 
intended. 


330  ,    DISCUSSION  :   EOAD   construction   and  maintenance      [Papers. 

Mr.  If  the  problem  seems  formidable  at  present,  it  should  not  be  for- 

•'""^  ^'  gotten  that  it  is  surely  capable  of  simplification.  It  is  the  duty  of  each 
engineer,  who  is  interested  in  the  development  of  the  science  of  the 
Profession,  to  exert  himself  courageously  for  the  elimination  of  certain 
improper  factors,  and  for  the  substitution  of  facts  for  the  unknown 
factors  at  present  perhaps  algebraically  represented,  as  carefully  as 
recorded  experience  and  co-operation  will  enable  him  to  dictate,  so 
that  the  "answer"  may  be  sharp  and  clear. 

Mr.  Arthur  H.  Blancitard,  M.   Am.   Soc.   C.   E. — The  primary  object 

anc  ar  .  ^^  preliminary  investigations   is   to  enable   an   engineer  to   determine 

within  certain  limits  the  method  of  construction  or  maintenance  and 

the  kind  of  road  material  which  are  adaptable,  from  the  standpoints 

of  economics  and  efficiency,  to  local  conditions. 

It  is  hoped  that  by  the  publication  and  dissemination  of  complete 
data  relative  to  the  construction  and  maintenance  of  roads,  and  by  the 
co-operation  of  engineers  through  the  medium  of  Committees  appointed 
by  National  Societies  of  Civil  Engineers,  the  limits  of  adaptability 
of  methods  and  materials  may  be  defined  more  clearly  each  succeed- 
ing year. 

Preliminary  investigations  should  include  a  consideration,  and, 
in  many  cases,  a  thorough  investigation  of  many  of  the  variable  influ- 
ential  factors   mentioned   in   the   following  discussion. 

In  the  study  of  the  traffic  to  which  the  road  is  subjected,  it  is 
essential  to  ascertain  the  amount  and  the  character  of  the  different 
types  of  horse-drawn  vehicle  traffic  and  motor-car  traffic  during  the 
various  seasons  of  the  year;  the  normal  and  abnormal  speed  of  various 
cla'sses  of  traffic;  the  direction  of  traffic;  the  parts  of  the  road  occv;- 
pied  by  various  kinds  of  traffic;  the  nature  of  horses'  shoes  and  non- 
skidding  devices  used ;  the  traffic  regulations  in  force ;  and  the  probable 
change  in  the  character  and  amount  of  the  traffic,  due  in  part  to  the 
improvement  of  the  road  in  question  or  of  other  roads. 

Engineers  familiar  with  the  problems  of  modern  highway  con- 
struction will  recognize  the  influence  of  the  foregoing  elements  on  the 
ultimate  design.  For  example,  a  traffic  census  showing  intense  and 
heavy  commercial  traffic  evidently  calls  for  a  different  type  of  founda- 
tion than  the  combined  traffic  of  the  same  number  of  vehicles  but  of 
the  passenger  type.  Again:  from  the  standpoint  of  the  preservation 
of  the  surface,  a  traffic  of  200  motor  cars  per  day  may  or  may  not 
necessitate  the  use  of  a  bituminous  material  in  the  construction  or 
maintenance  of  a  road,  the  combined  speed  and  weight  of  the  motor- 
car traffic  being  the  controlling  factor. 

Physical  local  environments  and  conditions  affect  the  design  ma- 
terially. The  following  are  among  those  which  should  be  noted: 
topographical   and   geological    structure   and   features;    condition   and 
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i'linrnctcr  of  cross-roads;  effect  of  the  character  of  the  surface  of  the        Mr. 
proposed    road    on    the    locality,    from    the    standpoint    of    esthetics ;  ^'*"''"''*'''^- 
chnrncter   of   existing   surface,   foundation,   and   sub-soil;    relation   of 

■  lad   to   system   of   roads,   from  the   standpoint   of   possible   diversion 
t'  traffic  during  jioriod  of  construction;  existing  and  proposed  grades 

and  crowns;  months  available  for  construction  and  maintenance  work; 
climatic  conditions,  covering  range  of  temperature  and  amount  and 
distribution  of  rainfall  and  snowfall. 

The  availability  of  the  various  materials  which  might  be  used  in 

■  instruction  and  maintenance  has  not,  in  many  cases,  received  the 
n^quisite  amount  of  attention.  The  investigations  along  this  line 
should  cover  a  thorough  study  of  the  cost,  delivered  on  the  site,  and 
the  physical  and  mineralogical  character  of  all  rocks,  sands,  gravels, 
etc.,  which  might  be  used  on  the  road.  The  source  of  supply  of 
palliatives  and  binders  should  likewise  receive  attention;  and  the 
effect  of  specifications  covering  the  various  physical  and  chemical 
properties  on  the  ultimate  cost  of  construction  or  maintenance  is 
worthy  of  consideration.  In  some  cases,  the  method  of  delivery  of 
bituminous  materials  has  affeet-ed  the  cost  and  the  use  of  certain 
methods;  hence  the  location  of  the  road,  relative  to  railroads  or  storage 
plants,  should  be  ascertained.  The  character  of  available  labor,  the 
wages  paid,  and  the  method  under  which  the  work  can  be  accomplished, 
may  also  affect  the  design. 

The  subject  of  plant  equipment  for  the  construction  and  main- 
ti'iiance  of  bituminous  surfaces  and  bituminous  pavements  has  not  yet 
received  the  consideration  warranted  by  the  importance  of  the  subject. 
It  is  obvious  that,  as  a  result  of  thorough  preliminary  investigations, 
it  will  be  possible,  within  reasonable  limits,  to  adopt  various  types 
of  construction  and  maintenance  for  a  system  of  highways,  in  which 
case  it  is  likewise  self-evident  that  the  acquirement  of  plant  equip- 
ment will  reduce  materially  the  cost  of  both  construction  and  main- 
tenance under  certain  conditions. 

Clifford  Kiciiardson,  M.  Am.  Soc.  C.  E.  (by  letter). — The  writer  Mr. 
is  not  a  great  believer  in  preliminary  investigations  at  the  present  'son. 
time,  for  several  reasons,  and  is  inclined  to  think  that  they  will  result 
in  confusion.  The  problem  of  the  construction  of  roads  which  will 
meet  the  conditions  imposed  by  modern  motor  traffic  should  be  dealt 
with  cautiously.  In  the  United  States,  at  least,  attempts  to  solve  it 
have  extended  over  such  a  short  period  of  time,  that  as  yet  no  data  are 
available  which  offer  a  basis  for  investigation.  The  situation  is  still 
purely  experimental.  What  engineers  are  looking  for  is  success.  When 
this  is  attained,  the  manner  in  which  it  has  been  reached  can  be 
investigated. 

While  theories  may  be  of  some  little  value,  it  is  only  from  expe- 
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Mr.       rience  and  service  tests  that  definite  conclusions  can  be  safely  drawn. 

'son.  Analogies,  however,  may  aid  in  directing  our  efforts.  Highway  engi- 
neers, up  to  the  present  time,  have  failed  to  benefit  to  any  considerable 
extent  from  the  experience  gained  in  laying  bituminous  pavements. 

It  does  not  seem  to  be  wise  at  this  eai-ly  stage  of  the  development 
of  bituminous  highway  construction  to  draw  any  conclusions,  except 
those  based  on  analogies,  or  to  make  any  recommendations,  the  final 
results  of  which  can  be  imperfectly  foreseen,  for,  undoubtedly,  they 
will  have  to  be  changed  or  abandoned  in  the  future.  A  new  industry 
may  be  restrained  seriously  in  its  development  by  attempting  to  pre- 
scribe methods  of  construction  which  are  not  based  on  successful 
results  as  demonstrated  by  service  tests.  To  avoid  falling  into  error, 
one  must  await  such  results  and  then  determine  the  manner  in  which 
these  successful  results  have  been  obtained,  in  order  to  be  able  to 
duplicate  them.  Efforts  in  any  other  direction  will  be  in  vain.  As 
a  parallel,  attention  may  be  called  to  the  long  period  of  time  which 
elapsed  before  it  was  possible  to  place  the  sheet-asphalt  paving  industry 
on  a  rational  basis.  This  was  finally  accomplished  after  there  were 
available  for  study  a  number  of  asphalt  surfaces  which  had  given 
satisfactory  results  for  10  to  15  years  or  more,  under  traffic  of  various 
kinds.  As  yet,  no  bituminous  highway  surfaces  are  of  sufficient  age  to 
furnish  the  necessary  data  for  a  similar  study,  except  in  the  case 
of  bituminous  concrete.  The  prospect  of  eventual  success  of  bitu- 
minous construction  on  highways,  however,  is  highly  encouraging; 
that  is,  there  seems  to  be  little  question  but  that  some  of  the  present 
forms  of  construction,  or  modifications  of  them,  where  tried  materials 
are  used,  will  prove  to  be  a  vast  improvement  over  the  water-bound 
broken-stone  road,  both  from  the  point  of  view  of  resistance  to  the 
destructive  effect  of  motor  travel,  and  of  economy  and  unit  cost  per 
ton-mile  of  haul. 

The  data,  in  connection  with  any  form  of  construction,  which 
should  be  accumulated  at  the  present  time  are :  accurate  records  of  first 
cost;  of  the  cost  of  maintenance  during  the  life  of  the  surface;  the 
traffic  which  it  carries,  as  revealed  by  traffic  censuses  at  intervals, 
and  the  environment  under  which  this  traffic  is  carried,  in  order  that 
the  actual  cost  of  carrying  it  for  the  life  of  the  surface  may  be 
accurately  determined.  With  such  data  available,  the  economy  of  any 
form  of  construction  may  be  compared  with  data  of  the  same  descrip- 
tion for  any  other  form.  It  does  not  seem  possible  that  any  definite 
conclusions  of  value  can  be  arrived  at,  at  present,  or  until  such  data 
as  have  been  mentioned  are  assembled.  When  a  successful  form  of 
bituminous  construction  has  been  demonstrated,  investigation  will  be 
of  value  to  determine  how  this  can  be  repeated,  but,  until  this  has 
been  achieved,  the  writer  believes  that  investigations  will  be  of  little 
value. 
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RELATIVE   VALUE   OF   THREE   METHODS   OF   CARRYING 

ON  WORK: 

(a)  That  in  which  both  labor  and  material  are  furnished  by  the 
contractor. 

(b)  That  in  which  the  material  is  supplied  by  the  party  of  the 
first  part,  and  the  labor  by  the  contractor. 

(c)  That  in  which  both  the  labor  and  material  are  supplied  by  the 
party  of  the  first  part. 

Harold  Parker,  M.  Am.  Soc.  C.  E. — In  opening  this  discussion,  the     Mr. 
speaker  will  state  the  reasons  why,  under  the  conditions  which  he  will  P^'''^^'"- 
mention,  the  afiirmative  position  should  be  taken  on  each  of  the  three 
divisions  under  discussion. 

It  must  be  clear,  to  any  engineer  in  charge  of  construction  of  any 
sort,  that  the  various  conditions  under  which  the  work  is  to  be  done 
should  control  his  action  in  asking  for  proposals  from  contractors,  and, 
depending  on  such  conditions,  one  of  the  three  methods  would  from 
necessity  have  to  be  adopted. 

If  it  is  desired  that  the  cost  of  the  work  shall  not  exceed  a  fixed 
sum,  and  that  the  estimate  previously  made  by  the  engineer  is  to  be 
corroborated,  the  method  defined  under  'V  would  be  preferable.  This 
would  occur  in  many  instances  where  public  work  is  involved  and  the 
cost  of  its  execution  is  limited  by  estimates  previously  prepared.  In 
such  cases  there  does  not  appear  to  be  any  question  as  to  the  wisdom 
of  having  the  contractor  furnish  both  the  labor  and  materials. 

In  the  practice  of  all  constructing  engineers,  the  second  method, 
that  is,  "materials  supplied  by  the  party  of  the  first  part,  and  labor 
by  the  contractor,"  must  frequently  be  found  to  be  the  best,  if  not  the 
only  one,  by  which  the  work  can  be  done  economically  and  satisfactorily. 
It  has  the  advantage  that  the  engineer,  desiring  to  use  in  the  work 
certain  tjT^es  or  brands  of  materials,  the  cost  of  which  he  knows,  can 
be  perfectly  sure  of  the  final  cost  before  the  work  is  begun.  In  this 
case  all  contractors  who  bid  are  placed  on  complete  equality,  and, 
therefore,  as  an  intelligent  and  comprehensive  offer  can  be  made  by 
each,  an  intelligent  comparison  can  be  made. 

In  the  construction  of  concrete  bridges,  culverts,  or  walls,  this  may 
be  by  all  means  the  best  way  to  do  the  work,  because  it  very  often 
occurs  that  the  engineer  desires  certain  kinds  of  rods,  placed  as  he  plans 
them,  or  certain  brands  of  cement  or  other  material,  which  he  wishes 
particularly  to  have  embodied  in  the  work;  and,  during  the  work,  or  at 
its  conclusion,  this  method  would  prevent  the  question  arising  as  to 
the  use  of  other  brands  of  material  which  might  justly  be  claimed  to 
!  11  of  equal  qualitj^  thus  creating  controversy  between  the  parties  to 
he  contract.  At  any  rate,  in  cases  where  it  is  particularly  desired  to 
use  materials  of  a  fixed  type  or  character,  and  where  there  may  be 
doubt  in  the  minds  of  experts  generally  as  to  which  is  the  best,  thereby 
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Mr.  producing  uncertainty  in  the  interpretation  of  the  specifications,  there 
can  be  no  question,  if  the  materials  are  supplied  by  the  party  of  the 
first  part,  and  the  labor  alone  by  the  contractor.  This  is  so  true  that 
the  Highway  Commission  of  Massachusetts  has  for  many  years  followed 
this  practice  in  the  construction  of  its  concrete  structures,  and  the 
reasons  for  this  appear  to  be  good.  At  the  beginning  of  each  year,  the 
Commission  receives  bids  for  cement,  to  meet  certain  specifications. 
This  cement  is  tested  at  different  times,  in  order  to  see  that  it  comes 
up  to  the  requirements.  It  is  furnished  to  the  contractors  as  it  is 
needed,  and  their  responsibility  for  its  quality  is  not  a  part  of  the 
contract.  In  this  way,  uniformity  of  material  and  satisfaction  are 
ensured.  The  contractor  is  also  supplied  with  rods,  of  dimensions 
determined  by  the  engineer,  and  these  are  placed  as  he  directs.  The 
contractor  in  this  case  furnishes  only  the  labor  and  the  gravel  or 
broken  stone. 

Under  the  third  method,  where  both  labor  and  materials  are  sup- 
plied by  the  party  of  the  first  part,  the  instances  where  contracts  are 
let  can  be  but  few,  if,  indeed,  it  may  be  said  that  a  contract  can  be 
entered  into  where  neither  material  nor  labor  are  furnished.  This 
method,  which,  from  the  nature  of  things,  can  involve  no  agreement 
between  parties,  would  be  preferable  in  the  performance  of  work  of  a 
character  which  it  is  impossible  or  impracticable  to  define  in  specifica- 
tions with  sufficient  clearness  or  precision  to  enable  one  to  make  an 
accurate  estimate  of  the  cost.  In  the  performance  of  such  work  it  is 
also  preferable  because  special  skill  and  knowledge  are  necessary,  and 
these  have  not  been  acquired  by  contractors,  or,  at  any  rate,  by  a 
sufiicient  number  of  contractors  to  secure  fair,  competitive  bids. 

From  the  speaker's  experience  in  Massachusetts  and  elsewhere,  he 
believes  that  work  under  contract  should  be  done  under  either  method 
"a"  or  method  "h."  If  method  "c"  is  contemplated  at  all,  it  should 
be  when  the  conditions  are  such  that  reasonable  bids  cannot  be 
obtained,  on  acccount  of  the  inexperience  of  contractors,  or  for  other 
reasons.  Therefore,  method  "c"  only  contemplates  a  comparison 
between  contract  and  day  labor. 

In  order  to  get  economical  work  by  day  labor,  it  is  necessary  that 
the  party  of  the  first  part  shall  have  a  constant  force  of  laborers  and 
foremen  trained  in  the  particular  kind  of  work  he  has  in  mind,  and 
constantly  employed  on  work  of  the  same  type  or  class. 

It  may  I)e,  and,  in  fact,  is  found,  that  in  the  maintenance  of  certain 
roads,  where  the  conditions  under  which  a  contract  could  be  made  are 
uncertain  and  involve  unknown  costs  which  will  not  permit  the  con- 
tractor to  make  a  reasonable  bid,  method  "c"  is  preferable. 

In  maintaining  roads  in  Massachusetts,  especially  where  oil  and 
tar  are  used,  it  has  been  found  that  the  work  can  be  done  more 
economically  by  the  third  method  than  by  either  of  the  others;  and 
it  is  better  done,  because  the  maintenance  gangs  are  well  organized, 
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ami  aiv  under  trained  foremen,  who  have  learned  all  they  know  under     Mr. 
the   direc-lion    of   the  engineers   of   the   Commission,   and,   from   their  ^"^'■^*"- 
praetice  under  very  careful  supervision,  have  become  expert.     Conse- 
quently, the  work  is  better  done  and  at  a  less  cost  than  it  could  be  by 
letting  it  to  any  contractor. 

It  seems  to  the  speaker,  therefore,  that,  where  the  conditions  war- 
rant, any  one  of  the  three  propositions  might  be  adopted  by  the  party 
of  the  first  jiart.  but  it  must  be  for  that  party  to  determine,  after  most 
careful  consideration,  which  of  the  three  is  best  suited  to  the  work 
in  view.  ,        ■        \  ':  '.i 

In  general,  the  speaker  maintains  that,  wherever  possible,  method 
'■(/"  (the  contractor  furnishing  all  labor  and  material)  is  preferable  for 
all  construction,  except  where  reinforced  concrete  constitutes  a  large 
proportion  of  the  work. 

^fethod  "b,"  in  which  the  contractor  supplies  the  labor  and  the 
party  of  the  first  part  the  material,  or  a  certain  proportion  of  it,  is 
preferable  where  the  largest  poi'tion  of  the  work  is  of  reinforced  con- 
crete, or  is  of  an  experimental  nature,  or  where  a  bituminous  material 
of  a  specified  kind  is  used. 

Method  "c"  in  which  the  party  of  the  first  part  furnishes  both  the 
labor  and  material,  is  preferable  in  cases  where  the  amount  and  kind 
of  work  are  difficult  to  determine,  and  where  it  is  of  such  a  nature  that 
the  contractors  cannot  make  intelligent  estimates  of  the  cost. 

Henry  B.  Drowne,  Assoc.  M.  Am.  Soc.  C.  E. — This  discussion  per-  Mr. 
tains  to  the  relative  efficiency  of  three  methods  of  carrying  on  bitu- 
minous road  construction.  For  several  reasons,  the  arrangement 
between  the  contracting  parties  is  not  as  satisfactory  under  the  first 
method  as  under  either  of  the  others.  The  majority  of  road  con- 
tractors are  inexperienced  in  bituminous  construction,  and,  therefore, 
(he  bids  received  are  generally  out  of  proportion  to  the  actual  cost  of 
the  work,  and  in  most  cases  allow  the  contractor  an  unreasonable  profit. 
In  doing  work  by  this  method  it  is  necessary  to  have  the  specifications 
covering  the  bitinninous  material  ready  at  the  time  the  contracts  are 
advertised,  or  a  list  of  the  different  brands  of  material  on  the  market 
which  will  be  allowed  in  the  work  must  be  given  to  the  contractor.  If 
the  contractor  selects  the  material  from  the  approved  list,  the  cost  of 
all  rejected  material  will  have  to  be  borne  by  the  party  of  the  first 
part,  and,  furthermore,  as  bituminous  materials  manufactured  to-day 
and  given  the  same  trade  name  vary  so  much  in  quality,  the  party  of 
the  first  part  would  be  taking  a  great  risk  of  not  obtaining  good  results 
in  so  far  as  they  may  be  affected  by  the  material.  On  the  other  hand, 
if  the  bituminous  material  is  described  in  the  specifications,  it  may  be 
found,  during  the  progress  of  the  work,  that,  although  it  has  fulfilled 
the  conditions  imposed,  it  is  not  at  all  satisfactory,  and  a  change  may 
be   desirable.      These   changes   may    affect   the   characteristics    of   the 
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Mr.  material,  so  that  the  cost  of  manufacturing  such  a  product  may  be 
rowne.  considerably  less  than  for  that  first  specified.  Although  the  contractor 
is  generally  willing  to  agree  to  any  changes  in  specifications  which 
increase  the  cost  of  the  work,  provided  due  allowance  is  made  for  the 
same  by  the  party  of  the  first  part,  it  is  unusual  for  him  to  agree  to 
any  reduction  in  his  contract  price,  although  it  can  be  clearly  proven 
that  any  proposed  change  in  specifications  would  reduce  the  cost  of 
the  bituminous  material  which  he  is  obliged  to  purchase.  The  same 
remarks  are  true  in  regard  to  the  specifications  as  to  the  method  of 
doing  the  work.  As  far  as  the  rate  of  progress  of  the  work  is  con- 
cerned, the  speaker  feels  that,  although  more  actual  yardage  may  be 
obtained  per  day  when  the  work  is  let  by  contract,  the  quality  is  apt 
to  be  sacrificed,  as  the  contractor  is  much  more  interested  in  the 
quantity  than  in  the  quality.  Extreme  care  in  doing  the  work  is  one 
of  the  essential  elements  of  successful  bituminous  roads. 

The  only  advantage  that  the  speaker  can  see  in  performing  the  work 
entirely  by  contract  is  the  saving  in  office  labor  that  would  ensue  if 
the  party  of  the  first  part  furnished  the  bituminous  material  and  had 
the  work  done  on  labor  account. 

When  all  road  contractors  have  become  familiar  with  bituminous 
road  construction,  and  the  engineers  are  so  well  informed  that  they  can 
specify  a  certain  bituminous  material  and  method  of  construction  and 
know  that  the  resulting  road  should  be  good  for  a  definite  number  of 
years,  then  the  work  could  be  let  out  by  contract,  and  fair  prices  would 
probably  be  obtained.  If  the  party  of  the  first  part  employed  intelli- 
gent and  competent  inspectors,  careful  work  on  the  part  of  the  con- 
tractor would  be  assured.  The  use  of  a  guaranty  clause  in  the  con- 
tract, however,  is  rather  a  doubtful  expedient  for  securing  good  work. 
A  poor  piece  of  work  can  sometimes  be  kept  in  repair  for  the  number 
of  years  stipulated  in  the  guaranty  at  a  small  cost,  but  at  the  end 
of  this  period  the  road  may  need  such  extensive  repairs  that  a  renewal 
would  be  necessary.  Moreover,  the  cost  of  the  maintenance  for  the 
years  covered  by  the  guaranty  has  been  paid  by  the  party  of  the  first 
part,  because  the  contractor  has  made  allowances  for  this  in  his  bid. 

The  speaker  has  had  considerable  experience  with  the  second 
method,  in  which  the  bituminous  material  is  supplied  by  the  party  of 
the  first  part  and  the  labor  by  the  contractor.  The  contracts  were 
advertised  as  ordinary  macadam,  and  bids  were  received  for  stone  in 
place  and  grading.  If  it  was  decided  after  signing  the  contract  that 
the  work  was  to  be  of  bituminous  construction,  the  contractor  was 
informed,  and  a  separate  agreement  was  drawn  up  and  signed  by  both 
parties.  This  agreement  covered  the  prices  for  labor  furnished,  all 
allowances  for  equipment,  etc.,  necessary  for  the  bituminous  construc- 
tion, and  any  deductions  that  were  to  be  made  from  the  contract  price 
for  work  to  be  done  on  labor  account  and  already  included  in  the  contract. 
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Altlioiigli  ill  no  case  did  any  contractor  refuse  to  sign  the  agreement,      Mr. 
soiiK'  were  reluctant  to  agree  to  any  deductions.     The  party  of  the  first  ^'■''"'"*'- 
part  paid  the  contractor  the  amount  of  the  labor  bills  for  the  bitu- 
minous work,  minus  whatever  deductions  were  agreed  on,  plus  a  15% 
allowance  on  the  remainder,  and  plus  the  allowances  for  equipment. 

DiflFercnt  methods  of  construction  were  tried,  and  on  one  road 
both  the  method  of  construction  and  the  material  were  changed  several 
timt>s,  with  no  objection  on  the  part  of  the  contractor.  It  seems  to  the 
speaker  that  reserving  the  right  to  change  anything  in  connection  with 
the  bituminous  work  without  having  any  trouble  with  the  contractor 
is  a  great  advantage.  The  party  of  the  first  part,  in  purchasing  the 
hituminous  material  direct,  saves  any  profit  which  might  have  been 
made  by  the  contractor  if  he  had  purchased  it,  and  by  paying  the 
actual  cost  of  the  work  plus  a  15%  allowance,  it  can  be  expected  that 
the  cost  will  be  as  low  as  possible. 

The  rate  of  progress,  by  doing  the  work  in  this  way,  is  probably 
not  as  great  as  if  done  by  contract.  The  labor,  however,  is  not  the 
large  item  in  the  total  cost  of  bituminous  construction,  and  so  a  fair 
rate  of  progress  with  the  work  done  in  a  thorough  manner  should  be 
satijifactory.  A  comparison  of  this  method  with  that  of  doing  the 
l)ituminous  work  by  contract  came  under  the  speaker's  observation  two 
years  ago.  In  the  first  instance,  the  contractor  had  built  a  bituminous 
pavement  hj  contract  for  22  cents  per  sq.  yd.  over  and  above  the  cost 
of  ordinary  macadam.  In  the  second  instance  the  conditions  were 
exactly  the  same  as  in  the  first,  in  so  far  as  the  parties  to  the  contract, 
location  of  road,  method  of  construction,  and  materials  were  concerned, 
but  the  bituminous  material  was  furnished  by  the  party  of  the  first  part, 
and  the  contractor  did  the  bituminous  work  on  labor  account.  The  cost 
of  the  work  in  the  second  instance  was  12  cents  per  sq.  yd.  over  and 
above  the  cost  of  ordinary  macadam.  The  price  for  the  ordinary 
macadam  was  determined  by  contract.  An  allowance  was  paid  to  the 
contractor  for  the  use  of  the  extra  equipment  for  the  bituminous  work 
(consisting  of  two  kettles,  fuel,  mixing  boards,  dippers,  and  long- 
handled  shovels),  and  also  a  15%  profit  on  the  labor  bill.  For  this 
work  there  were  no  overhead  charges  except  on  the  extra  equipment 
involved.  The  allowance  made  for  this  by  the  party  of  the  first  part 
more  than  paid  the  actual  depreciation,  and  made  the  15%  on  the 
labor  practically  clear  profit.  The  price  of  12  cents  includes  everything 
mentioned  above,  and  is,  therefore,  the  true  cost  which  can  fairly  be 
compared  with  the  cost  of  22  cents. 

Some  contractors  object  to  this  method,  mainly  because  the  work 
may  be  slower  than  if  ordinary  macadam  were  built.  For  example, 
on  a  pleasant  day  immediately  following  a  rain  it  is  possible  to  do 
ordinarj'  macadam  road  work,  but  it  is  not  possible  to  do  any  bitu- 
minous construction.     The  bituminous  gang  has  to  be  paid  at  such 
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Mr.  times  in  order  to  keep  it,  and  if  the  men  work,  it  is  oftentimes  at  a 
disadvantage.  With  the  better  class  of  contractors,  this  method  has 
worked  well,  and  the  time  for  completion  of  construction  has  not  been 
much  longer  than  if  ordinary  macadam  had  been  built. 

It  is  the  speaker's  belief  that  this  method  is  the  best  of  the  three, 
provided  that,  if  a  bituminous  road  is  to  be  built,  it  is  advertised  as 
such,  and  that  some  clause  is  added  to  the  extra  work  clause  in  the 
general  specifications  to  include  the  bituminous  construction  as  extra 
work,  subject  to  agreement  between  the  two  parties.  If  such  a  course 
is  followed,  the  method  is  fair  to  the  contractor,  and  should  result 
in  good  work  at  a  low  figure. 

The  advisability  of  using  the  third  method,  the  party  of  the  first 
part  furnishing  all  material  and  labor,  depends  to  a  great  extent  on  con- 
ditions. Excellent  results  ought  to  be  obtained  by  having  the  work 
done  by  a  gang  of  men  trained  specially  for  the  purpose.  As  the  party 
of  the  first  part  has  also  an  unhampered  choice  of  materials,  there  is 
no  reason  why  those  best  suited  to  the  road  could  not  be  obtained. 
There  is  no  doubt  that  maintenance  work  and  the  application  of  a 
bituminous  surface  to  roads  already  constructed  could  be  accomplished 
economically  by  this  method,  as  these  particular  branches  of  the  work 
do  not  require  either  large  gangs  or  much  equipment,  and  the  rapidity 
with  which  the  work  can  be  done  allows  a  few  gangs  of  trained  men  to 
cover  a  large  territory.  Any  large  amount  of  new  construction  in  one 
season  could  not  be  carried  out  by  the  smaller  municipalities  and 
towns,  on  account  of  the  large  equipment  required  to  do  the  work.  In 
places  where  an  efficient  public  works  department  is  maintained  and  in 
other  places  where  sufficient  work  is  contemplated  to  warrant  an  outlay 
for  the  necessary  equipment,  this  method  might  be  used  to  advantage. 

If  the  bituminous  work  was  to  be  done  by  the  mixing  method,  the 
speaker  believes  that  it  could  be  done  economically  by  establishing 
bituminous  mixing  plants  at  points  central  to  the  different  jobs,  and 
by  shipping  the  mixed  stone  ready  to  be  put  into  place.  There  are 
several  machines  now  on  the  market  which  can  do  a  great  deal  of 
work  provided  they  are  properly  set  up  and  operated  and  the  aggregate 
is  furnished  in  quantities  commensurate  with  their  capacity. 

The  success  of  the  third  method,  if  conditions  warrant  its  use, 
depends  to  a  large  extent  on  the  efficiency  of  the  corps  of  laborers 
and  foremen  employed  by  the  party  of  the  first  part.  Politics  creep 
in  on  most  public  work,  so  that  oftentimes  many  incompetent  men 
are  employed,  and,  although  civil  service  remedies  this  evil,  it  is  almost 
impossible  to  eliminate  it  entirely.  Many  instances  might  be  cited 
where  the  labor  cost  in  doing  the  work  by  this  method  is  as  cheap 
or  cheaper  than  if  the  work  was  done  by  contract,  and  still,  as  a  gen- 
eral rule,  the  opposite  is  true. 
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THE  USE  OF  WATEK,  CALCIUM  CHLORIDE,  LIGHT  OILS, 
ETC.,  AS  DUST  PALLIATIVES. 

S.  Whinkry,  M.  Am.  See.  C.  E. — In  the  discussion  of  this  topic  the      Mr. 
clement  of  road  preservation  is  excluded,  except  in  so  far  as  the  use       '^^'y- 
of  the  materials  described  may  incidentally  affect  that  problem.     The 
field  for  discussion,  therefore,  is  a  narrow  one,  confined  principally  to 
tlie   relative  merits   and  economy   of  the   various  materials  for   allay- 
ing dust. 

The  best  known  and  longest  used  method  of  making  and  keeping 
streets  and  roads  dustless  is  by  sprinkling  with  water.  At  the  same 
time  it  may  be  said  to  be  the  least  developed  process,  as  far  as  scientifi.c 
study  and  application  are  concerned.  Accurate  and  extended  observa- 
tions on  the  effect  of  sprinkling  noads  and  streets,  the  cost  of  the 
process,  the  quantity  of  water  required,  the  best  and  most  efficient 
method  of  applying  the  water,  and  other  pertinent  matters  have  either 
not  been  made  or  the  results  have  not  been  published.  If  any  one 
doubts  this,  let  him  attempt  to  obtain,  from  the  scanty  literature  relat- 
ing to  the  svibject,  reliable  and  consistent  data  on  any  of  these  points. 

^funicipal  engineers  seem  to  have  always  looked  on  street  sprin- 
kling as  an  every-day,  matter-of-course  operation,  not  worth  serious 
attention  and  study,  and  not  susceptible  of  much  improvement  in 
efficiency  and  economy.  It  is  safe  to  say  that  no  other  municipal 
fimction  or  process  receives  so  little  intelligent  attention  and 
supervision. 

When  the  sprinkling  season  arrives,  the  usual  programme  is  to 
equip  a  more  or  less  unintelligent  and  uninterested  driver  with  a 
sprinkling  wagon  and  a  hydrant  wrench  and  turn  him  loose  to  work 
his  sweet  will  on  the  street  to  which  he  is  assigned.  His  autocratic 
roign  is  only  interfered  with,  and  then  but  temporarily,  when  outraged 
residents  have  the  temerity  to  complain  to  the  authorities  supposed  to 
be  in  control. 

It  is  not  surprising,  therefore,  that  municipal  engineers  and  the 
public  have  a  vague  feeling  that  street  sprinkling  as  a  method  of  dust 
sui)prcssion  has  proved  more  or  less  unsatisfactory  and  inefficient;  but, 
before  condemning  it  and  advocating  a  substitute,  it  should  have  a  fair 
trial  under  the  same  conditions  of  intelligent  use  as  its  newer 
competitors. 

The  cost  of  efficient  street  sprinkling  is  difficult  to  determine  satis- 
factorily from  the  data  available.  Where  referred  to  at  all  in  municipal 
reports,  the  necessary  conditions  to  enable  one  to  deduce  reliable 
figures  of  unit  cost  are  usually  wanting.  These  reports  indicate  that 
the  cost,  exclusive  of  water,  ranges  from  less  than  1  cent  to  3i  cents 
per  sq.  yd.  for  the  watering  season,  which  usually  extends  from  May  1st 
to  October  15th.    The  number  of  square  yards  sprinkled  once  is  seldom 
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Mr.  given,  and  as  the  number  of  times  sprinkled  per  day  or  per  season 
inery.  y^^j.jgg  gj.gatly  in  different  cities,  and  on  different  streets  in  the  same 
city,  and  as  there  are  other  varying  conditions  to  be  taken  into 
account,  it  is  not  possible  to  get  at  the  basic  unit  cost  from  the  avail- 
able records.  It  is  practicable,  of  course,  to  estimate  Jthe  theoretical 
cost  very  closely,  but  such  estimates  are  less  satisfactory  than  actual 
data  from  experience. 

The  statistics  available  seem  to  indicate  that,  exclusive  of  the  cost 
of  the  water,  the  average  cost  per  square  yard  per  season  is  about 
2  cents.  The  quantity  of  water  reported  as  used  is  as  variable  as  the 
cost  of  applying  it.  The  figures  vary  from  20  to  70  gal.  per  sq.  yd. 
per  season.  Probably  45  gal.  is  a  fair  average,  and,  at  $90  per 
1  000  000  gal.,  the  cost  for  water  per  square  yard  per  season  would  be 
about  xff  cent,  making  the  average  total  cost  less  than  2^  cents  per 
sq.  yd.  per  season.  In  Boston,  where  the  accounts  are  now  kept  with 
care,  the  quantity  of  water  used  in  1909  was  less  than  25  gal.,  and 
the  total  cost  2.1  cents  per  sq.  yd.  per  season.  In  the  suburban 
City  of  East  Orange,  for  the  same  year,  these  figures  were,  respectively, 
58  gal.  and  2.82  cents,  including  the  cost  of  water. 

If  it  be  asserted  that  street  sprinkling  as  it  is  generally  conducted 
has  not  proved  satisfactory,  it  may  be  replied  that  it  has  seldom,  if  ever, 
had  a  fair  trial.  If  the  surface  of  the  street  were  first  cleaned,  as  is 
the  practice  before  oiling,  the  objection  that  water  makes  the  street 
muddy  and  sloppy  would  be  removed.  If  the  specifications  required 
that  the  street  surface  be  kept  constantly  moist,  regardless  of  whether 
one  daily  sprinkling  or  five  were  necessary,  there  would  be  no  trouble 
from  dust.  Where  the  road  material  is  thus  kept  properly  moistened, 
the  wear  of  the  pavement  from  travel  is  not  greater  than  where  light 
oil  is  used,  and  it  is  conceded  that,  as  long  as  the  road  material  is  kept 
well  moistened,  the  peculiar  form  of  disintegration  called  ravelling 
does  not   occur. 

As  to  cost,  there  is  good  reason  to  believe  that  with  careful,  intelli- 
gent, and  economical  management,  including  the  restriction  of  the 
quantity  of  water  used  to  that  actually  necessary,  it  would  not  much 
exceed  the  average  cost  of  the  work  as  now  unsatisfactorily  done. 
Ordinarily,  at  least,  it  should  not  exceed  3  cents  per  sq.  yd.  per  season, 
and  this  figure  may  be  safely  used  for  comparison  with  other  methods. 

Calcium  chloride  has  not  been  used  very  extensively  in  the  United 
States,  and,  if  the  speaker  is  correctly  informed,  this  process  is  now 
practiced  on  a  large  scale  in  only  one  city — Boston,  Mass.- — where 
its  use  has  been  developed  with  intelligence,  through  several  years. 
There,  the  speaker  believes,  it  is  considered  fairly  successful  and  satis- 
factory. According  to  the  Report  of  the  Superintendent  of  Streets 
for  the  season  of  1909,  408  511  sq.  yd.  of  roads  and  streets  were  cared 
for  during  the  season   by  this  process,   at   an   average   cost   of   about 
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4i  cents  per  sq.  yd.,  or  nearly  double  the  average  cost  of  the  total  ^  Mr. 
sprinkling  in  the  city.  This  comparison,  however,  may  not  be  entirely  ""*"'>'• 
just,  because  the  treatment  was  used  in  only  two  districts — West 
Ko.xbury  and  Dorchester — and,  as  the  report  gives  the  separate  cost  of 
sprinkling  in  these  districts,  it  will  probably  be  fairer  to  compare  the 
work  in  them  alone,  where  the  average  cost  of  sprinkling  was  some- 
what less  than  2^  cents  per  sq.  yd.  for  the  season.  The  areas  treated 
by  tlie  "oak'ide"  process  and  by  water  were  approximately  the  same. 

It  is  reported  that  the  average  length  of  time  between  treatments 
was  27  days.  Experience  in  other  places  seems  to  indicate  that  more 
frequent  treatments  are  necessary,  in  order  to  keep  the  streets  satis- 
factorily free  from  dust.  To  some  extent,  the  permissible  period 
between  treatments  depends  on  the  humidity  of  the  air,  and,  therefore, 
one  would  expect  that  in  seacoast  cities  a  single  treatment  would 
remain  eflFective  longer  than  in  inland  cities.  Where  a  long  period 
elapses  between  treatments,  it  is  natural  to  expect  that  there  are 
many  days  when  the  humidity  is  very  low,  and  the  streets  become 
unpleasantly  dusty.  Observations  show  this  to  be  the  fact.  During 
days  of  such  low  humidity  a  satisfactory  condition  of  freedom  from 
dust  can  be  secured  only  by  resorting  to  sprinkling  with  water,  in 
order  to  supply  the  deliquescent  salt  with  the  necessary  moisture. 

On  the  whole,  there  seems  to  be  nothing  in  the  experience  of 
iVmerican  cities  to  warrant  a  preference  for  this  process,  since  it 
appears  to  be  less  effective  and  more  expensive  than  sprinkling. 

The  use  of  mineral  oils  for  allaying  dust  is  now  quite  popular  with 
city  and  road  officials,  and  with  the  public.  The  speaker's  remarks  will 
be  confined  to  the  consideration  of  the  lighter  mineral  oils,  applied 
primarily  for  suppressing  dust.  That  the  proper  application  of  light 
oils  will  suppress  dust  effectually  for  some  length  of  time  is  undisputed; 
but,  is  the  use  of  this  material  more  satisfactory,  effective,  or  economi- 
cal than  sprinkling  with  water?  To  answer  this  question  positively 
requires  more  complete  and  accurate  data  than  are  yet  available. 
Judging  from  such  facts  as  are  now  obtainable,  however,  the  speaker 
believes  that  it  may  be  safely  answered  in  the  negative.  To  discuss  the 
matter  with  any  degree  of  fullness  would  require  more  time  than  is  now 
allowed. 

That  the  oil,  for  a  few  days  after  its  application,  is  a  nuisance  on 
the  streets  and  results  in  no  little  damage  to  personal  property  will  be 
conceded.  The  length  of  time  for  which,  a  single  application  will  be 
effective  depends,  of  course,  on  various  conditions,  which,  unfortu- 
nately, are  not  often  given  clearly  in  the  records. 

In  these  reports  the  impression  is  often  conveyed  that  the  oil 
treatment  is  effective  for  the  whole  season,  while,  in  fact,  it  is  neces- 
sarj-  to  resort  to  the  use  of  water  for  a  part  of  the  time  in  order  to 
lay  the  dust.     In  practice  it  is  often  found  advisable  not  to  apply 
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Mr.  the  oil  until  the  weather  becomes  settled  and  the  street  well  dried  out, 
^^'^'  and,  where  only  one  application  is  made,  the  street  frequently  becomes 
very  dusty  before  the  end  of  the  season.  In  such  cases  sprinkling  is 
often  resorted  to  for  a  part  of  the  season.  For  instance,  a  suburban 
street,  on  which  the  writer  lives,  was  treated  with  a  coat  of  oil  on 
May  7th.  By  July  1st  the  street  had  become  very  dusty,  and  sprin- 
kling with  water  was  resumed  until  July  20th;  then  a  second  coat  of 
oil  was  applied,  which  kept  the  street  in  good  condition  until  about 
October  1st.  The  total  cost  of  sprinkling  with  water  on  this  street 
for  the  season  was  1.13  cents  per  sq.  yd.  In  many  such  cases  the  fact 
that  sprinkling  had  to  be  used  for  a  part  of  the  season  is  not 
mentioned. 

In  so  far  as  the  oiling  tends  to  make  the  surface  of  the  street 
impervious  to  water,  it  promotes  ravelling,  due  to  the  absence  of 
moisture.  The  street  referred  to  above  was  thus  affected  toward  the 
end  of  the  season,  as  there  was  little  rain,  whereas,  during  the  previous 
season,  which  was  also  dry,  the  street  was  sprinkled  with  water  only, 
and  no  ravelling  appeared.  During  the  previous  year  the  contract 
cost  of  sprinkling  for  the  season  was  less  than  $400,  including  the  cost 
of  water,  while  the  cost  of  oiling  in  the  present  year  was  about  $600, 
exclusive  of  the  supplemental  sprinkling.  The  oil  was  not  more 
effective  than  water  in  preventing  dust;  it  was  clearly  deleterious  to 
the  macadam,  and  was  50%  more  expensive.  It  is  to  be  remarked, 
also,  that  in  this  case  the  cost  of  the  oiling  was  unusually  low.  If  the 
extra  cost  of  oiling  had  been  incurred  in  securing  a  superior  job  of 
sprinkling  with  water,  there  can  be  no  reasonable  doubt  that  the  condi- 
tion of  the  street  would  have  been  decidedly  more  satisfactory  during 
the  season. 

One  objection  to  oiled  streets  (observed  in  the  case  previously 
mentioned)  seems  to  have  attracted  little  attention,  but,  nevertheless, 
it  is  worth  noting.  During  the  period  when  the  effectiveness  of  the 
oil  is  declining  and  the  street  is  becoming  semi-dusty,  high  winds  pick 
up  the  more  or  less  oily  particles  of  dust  and  deposit  them  in  the 
houses  or  on  the  clothes  of  passers-by.  This  oily  dust  has  a  great 
capacity  for  soiling  articles  on  which  it  settles,  and  it  is  difficult  to 
remove  it  by  ordinary  means. 

Other  methods  of  allaying  dust  on  streets  and  roads  have  been 
proposed  and  tried,  but,  as  they  have  not  proved  acceptable  or 
economical,  they  need  not  be  referred  to  in  a  brief  discussion  like  this. 

Summing  up  the  conclusions,  it  may  be  asserted  confidently  that 
no  method  of  suppressing  dust,  thus  far  discovered,  is  more  effective 
and  economical  than  sprinkling  with  water.  Why  not,  therefore,  drop 
the  fads  which  are  being  exploited  before  the  public,  and  turn  attention 
to  developing  and  perfecting  this  old  method,  applying  to  it  the  same 
study,  care,  and  efficient  management  that  are  devoted  to  other  lines 
of  municipal  work. 
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The  speaker  believes  that  there  is  no  practical  or  mechanical  Mr. 
ditliculty  in  developing  a  power  sprinkler  which  will  have  double  the 
water  and  speed  capacity  of  the  old  sprinkling  wagon,  and  which,  at 
one  passage  along  a  street  50  ft.  wide,  will  sprinkle  the  whole  surface 
effectively  from  curb  to  curb.  Proper  specifications  and  rigid  super- 
vision would  accomplish  a  revolution  in  the  work,  both  from  the  stand- 
points of  efficiency  and  economy. 

In  a  great  majority  of  cases,  the  common  objection  that  sprinkling 
the  country  highways  is  impracticable  because  of  the  frequent  absence 
of  a  water  supply,  may  be  overcome  by  temporarily  installing  suitable 
power  pumps  at  streams  and  ponds.  Where  this  is  not  practicable, 
high-speed  power  sprinklers  would  make  it  possible  to  obtain  the  water 
from  comparatively  distant  sources  without  increasing  the  cost  of  the 
work  materially.  With  proper  watering,  the  durability  of  country  roads 
during  dry  seasons  would  ibe  increased  so  much  that  the  sprinkling 
might  almost  result  in  a  profit. 

What  seems  to  be  most  needed,  for  a  satisfactory  consideration  of 
this  subject  of  dust  suppression,  is  the  application  of  economic  and 
business  principles  to  the  several  methods,  and  the  collection  and 
dissemination  of  full  and  accurate  data  relating  to  each.  Until  such 
principles  are  applied,  and  such  data  are  collected,  the  indefinite  and 
unprofitable  discussion,  so  common  at  the  present  time,  will  continue. 

J.  L.  WicKES,  Assoc.  M.  Am.  Soc.  C.  E. — In  Baltimore,  Md.,  after     Mr. 
experimenting  for  several  years  with  both  light  and  heavy  oils,  it  was     "^  ^^' 
finally  decided  that,   from   the   standpoint   alone   of   a  dust-layer,   an 
emulsion  was  efficient  and  much  more  economical  than  any  of  the  heavy 
oils.    Accordingly,  during  the  season  of  1910,  nothing  else  was  used. 

The  emulsion  was  prepared  under  the  specifications  of  the  Street 
Cleaning  Department.  The  first  three  carloads  of  oil  ordered  in  the 
spring  were  shipped  in  iron  drums,  each  containing  about  110  gal. 
These  drums  were  distributed  by  teams  to  the  various  macadam  streets. 
All  subsequent  quantities  of  oil  were  delivered  in  tank  cars,  and  the 
drimis  were  used  for  unloading  the  cars  and  for  storage  purposes. 
There  was  quite  an  appreciable  reduction  in  the  freight  charges  by  this 
method,  and  it  is  probable  that  considerable  saving  was  effected. 

The  method  of  removing  the  oil  from  the  tank  cars  and  filling  the 
drums  was  as  follows:  The  yard  where  the  filling  was  done  had  a  rail- 
road siding  which  was  high  enough  to  allow  the  oil  to  flow  by  gravity 
through  a  4-in.  pipe  attached  to  the  b'ottom  of  the  car  and  empty  into 
the  drums.  What  is  known  as  a  tank-car  coupling  was  used  on  the 
bottom,  and  at  the  coupling  the  size  of  the  outlet  pipe  was  reduced 
from  5  to  4  in.  Below  this  there  was  a  short  4-in.  nipple,  with  a  4-in. 
stop,  and  a  4-in.  bolted  flange  union.  This  stop  and  union  were  used 
when  the  railroad  company  had  to  shift  the  cars,  so  that  the  flow  of  oil 
could  be  stopped  and  the  car  quickly  disconnected.    From  this  union,  a 
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Mr.  4-in.  wrouglit-iron  pipe  was  laid  for  a  distance  of  30  ft.,  with  a  6-in. 
Wickes.  ^^Y^  g^  ^^^^  ^j_^g  ^j^  could  flow  freely.  At  the  end  of  the  4-in.  pipe  there 
was  a  T  or  cross,  and  from  this  there  were  two  2-in.  wrought-iron  pipes 
with  stop-cocks,  so  that  two  drums  could  be  filled  at  the  same  time. 

From  time  to  time  some  difficulty  was  caused  by  lumps  of  asphalt 
clogging  the  pipe  and  impeding  the  flow  of  oil;  this,  however,  occurred 
only  in  chilly  weather.  At  such  times  the  asphalt  base  in  the  oil  con- 
gealed and  formed  in  large  lumps,  and  it  was  then  found  necessary 
to  stir  the  oil  in  the  ear,  in  order  to  make  it  flow  freely  into  the 
drums.  The  outlets  to  these  two  2-in.  pipes  were  high  enough  to 
permit  the  drums  to  be  rolled  under  them,  and  a  large  funnel  was 
sometimes  used  in  filling. 

There  was  great  difficulty  at  times  in  removing  the  oil  from  the 
drums  with  the  siphons,  because  they  became  clogged,  and  there  was 
not  sufficient  pressure  on  the  plugs  to  lift  the  oil  from  the  drums. 
This  was  noticed  particularly  at  the  low-pressure  plugs;  at  the  high- 
pressure  plugs  there  was  no  difficulty. 

The  first  application  was  made  with  20%  of  oil  to  80%  of  water. 
In  the  second  and  subsequent  applications  the  percentages  of  oil  varied 
from  10  to  5,  according  to  the  weather  conditions  and  the  amount 
of  traffic  on  the  road.  It  was  found  necessary  to  treat  some  of  the 
heavy-traffic  roads  once  a  week;  some  of  the  lighter  traveled  thorough- 
fares were  treated  only  once  in  2  or  3  weeks,  which  was  found  to  be 
sufficient.  The  length  of  road  treated  aggregated  about  20  miles,  with 
an  area  of  441  263  sq.  yd.,  at  a  total  cost  of  $9  085.63;  of  which  amount, 
$5  583.92  was  for  oil  and  $3  501.71  for  distribution  and  application. 
These  two  amounts  include  all  the  expenditure  for  this  work,  with  the 
exception  of  the  water  used  and  supervision.  The  entire  supervision, 
however,  was  done  by  the  speaker  in  the  course  of  the  discharge  of 
other  duties,  so  that  no  additional  expense  was  incurred  on  this 
account.  Hence  the  cost  per  square  yard  was  a  trifle  more  than 
2  cents  ($0.0206),  which  is  less  than  one-half  the  cost  of  applying  any 
of  the  oils  used  in  this  work. 

The  fact  that  not  a  single  complaint  was  received  relative  to  dust 
on  any  of  the  roads  treated  as  above  described  is  good  and  sufficient 
evidence  that  the  work  was  done  well  and  efficiently. 

For  the  benefit  of  those  who  are  contemplating  the  use  of  an  emul- 
sion instead  of  straight  oil  for  the  treatment  of  roads,  a  synopsis  of 
the  specifications  and  report  of  ^Messrs.  Penniman  and  Browne,  the 
chemists  who  made  the  tests  of  the  material,  are  given : 

Specifications  for  the  Compound. 

The  compound  must  mix  with  water  to  form  an  emulsion  so  perfect 
that  it  can  be  applied  to  roads  by  an  ordinary  sprinkling  wagon  with- 
out noticeable  separation  or  clogging  of  the  jets.     It  must  be  free  from 
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objectionable  odor,  and  must  consist  of  at  least  75%  of  asphaltic  oil      Mr. 

I  Wickes. 

or  base. 

This  asphaltic  base  must  have  the  following  characteristics: 

(1)  When  2U  grammes  of  the  material  are  heated  for  7  hours  in  a 
dish,  2i  in.  in  diameter,  to  205'^  cent.,  the  weight  of  the  residue  shall 
be  at  least  G5  per  cent. 

(2)  When  20  grammes  are  heated  for  21  hours  in  a  flat-bottomed 
dish,  2^  in.  in  diameter,  at  a  temperature  of  105°  cent.,  the  loss 
shall  not  exceed  5  per  cent. 

(3)  The  percentage  of  ''free  carbon"  shall  not  exceed  3  per  cent. 

(4)  The  percentage  of  paraffin  shall  not  exceed  IJ  per  cent. 

(5)  The  consistency  of  the  base  shall  be  such  that  50  cu.  cm.  shall 
flow  through  an  Engler  instrument  in  not  less  than  185  sec.  nor  more 
than  300  sec,  at  100°  cent. 

(6)  The  consistency  shall  be  such  that  a  Lunge  tar  tester  will  sink 

to  the  mark,  1.4,   in  not  less  than  30  sec.  nor  more  than  45   sec.  at 

25     CGut 

Specifications  for  the  Asphaltic  Oil. 

These  are  the  same  as  indicated  above,  except  that  the  base  itself 
is  specified  and  the  following  clause  is  added: 

(7)  It  must  form  a  proper  emulsion,  using  the  method  of  the  Street 
Cleaning  Department  of  Baltimore  City. 

Method  of  Making  Emulsion  Oil. 

Dissolve  5%  of  common  resin  soap  in  30%  of  water  and  bring  to  a 
temperature  of  50°  cent.  Put  this  soap  solution  in  a  churn  and  add 
65%  of  oil  at  the  same  temperature,  churn  for  20  min.  and  run  into 
barrels  or  tanks  through  a  cooler  which  reduces  its  temperature  to 
21°  cent,  or  less.  A  portion  of  the  compound  prepared  in  this  way 
must  remain  unchanged  for  48  hours  at  a  temperature  of  38°  cent. 
When  20%  of  the  compound  is  mixed  with  80%  of  water  at  32°  cent, 
the  emulsion  formed  must  remain  without  separation  for  3  hours. 

Theory  of  the  Foregoing  Specifications. 

The  base  is  specified  so  that  it  is  sufficiently  liquid  to  be  broken 
up  by  the  paddles  of  the  churn  at  50°  cent.,  but,  on  being  cooled  to 
25°  cent.,  the  small  particles  do  not  run  together,  being  covered  with 
a  film  of  soapy  water.  The  temperature  of  38°  cent,  is  also  inserted  as 
an  additional  practical  safeguard  to  prevent  the  concentrated  emulsion 
from  breaking  down  before  use.  The  dilution  test  is  introduced  for 
the  same  reason.  The  manufacturer  of  the  base  is  thus  compelled  to 
test  his  product  according  to  the  foregoing  method  of  procedure,  and 
shipments  are  rejected  if  they  are  not  suitable. 

The  churning  arrangement  is  not  very  important,  provided  the 
action  is  that  of  beating  and  not  merely  stirring.     A  butter  churn 


Mr 


Poore. 
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is  efficient,  but  rather  expensive  in  tirst  cost  and  power;  several  paddle 
Wickes.  yyiiegis  attached  to  the  vertical  shaft  have  been  found  to  vpork  effi- 
ciently, and  are  cheaper.  A  churn  having  a  capacity  of  from  300  to 
500  gal.  is  a  convenient  size.  The  necessary  heating  tanks  are  evidently 
matters  of  individual  requirement,  and  require  no  description  in  detail. 
The  process  is  most  likely  to  break  dovpn  through  lack  of  efficient  cool- 
ing betv?een  the  churn  and  the  storage  tanks.  The  cooler  should  be  of 
sufficient  capacity  to  chill  the  material,  and,  of  course,  must  be  well 
supplied  with  water  and  have  proper  arrangements  for  heating  and 
storage.  Two  men  should  have  no  difficulty  in  making  from  8  to  10 
batches  per  day. 
Mr.  H,  C.  Poore,  Jun.  Am.  Sou.  C.  E. — The  speaker's  experience  has 

been  mainly  with  bituminous  construction,  but,  during  the  past  season, 
300  000  sq.  yd.  of  macadam  and  gravel  surface  have  been  treated  under 
his  supervision  with  a  light  refined  coal-tar,  for  the  purpose  of  laying 
the  dust  and  incidentally  preserving  the  road  surface.  A  perfect  dust 
layer  should  also  prevent  the  road  surface  from  "potting  out"  or 
ravelling. 

The  general  method  of  application  was  as  follows :  After  the  sur- 
face had  been  thoroughly  swept,  thin  refined  tar  (i  gal.  per  sq.  yd.) 
was  applied  by  a  pressure-tank  wagon,  sprinlvler  wagon,  or  by  some 
form  of  hand-dipper.  After  a  few  hours  the  surface  was  covered  with 
grit.  Both  pea  stone  and  fine  gravel  were  used,  and  1  cu.  yd.  of 
material  usually  sufficed  to  cover  120  sq.  yd.  of  surface.  Where  the 
entire  road  or  only  a  portion  could  be  closed  and  guarded  for  21  hours 
after  spreading,  the  coating  of  grit  was  not  always  necessary.  The 
average  cost  of  this  work  in  Massachusetts  was  from  3  to  5  cents  per 
sq.  yd.,  including  all  materials  and  labor. 

With  this  treatment,  a  macadam  or  gravel  road  in  fair  condition 
will  become  hard  and  free  from  loose  grit  in  the  course  of  about  10 
days.  The  surface  then  remains  in  condition  for  the  season,  and,  with 
a  re-treatment  of  i  gal.  per  sq.  yd.  in  the  fall  or  following  spring,  will 
be  in  good  condition  for  a  second  year.  The  second  treatment  may 
be  applied  at  a  greatly  reduced  cost. 

In  various  localities  a  thin  asphaltic  oil  is  laid  in  practically  the 
same  way  on  some  streets,  while  on  others,  where  it  is  desired  to  have 
a  clean  and  hard  surface  which  will  remain  in  good  condition  through 
rainy  and  variable  fall  weather,  refined  coal-tar  is  preferred.  Since  a 
tarred  surface  is  hard,  and  does  not  assimilate  all  foreign  matter 
dropping  on  it,  but  easily  allows  the  street  to  be  cleaned  by  hand  or  by 
Nature,  tar  materials  usually  remain  intact  during  the  entire  season, 
and  in  some  cases  throughout  the  winter. 

In  one  large  city  in  Maine,  where  refined  coal-tar  was  used  for 
dust-laying  on  a  large  area,  but  where  a  larger  quantity  per  square 
yard  was  applied  than  is  customary,  a  dustless  surface  has  been  in 
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existence  for  2i  years,  with  no  maintenance  cost  whatever.     This  is    m,. 
not  to  be  considered  as  a  heavy  lilni  treatment,  as  the  surface  was  ^oo''«- 
mosaic,  and  the  tar  was  absorbed  by  the  road  materials. 

A  very  efficient  and  economical  way  of  applying  a  thin  tar  for  dust 
prevention  is  by  using  500-gal.  tank  wagons,  fitted  with  auxiliary 
pressure  tanks  for  blowing  out  the  material  through  suitable  nozzles 
under  pressure.  The  use  of  a  hose  with  a  nozzle  is  a  very  practical 
method  of  distributing  all  light  materials,  and  when  they  are  delivered 
by  pressure,  the  spreading  of  a  ^-gal.  coat  to  the  square  yard  is  easily 
aeoouiplished.  Two  applications  of  this  quantity  of  material  during 
the  first  year,  followed  by  one  coat  during  the  second  year,  will  suffice 
to  keep  the  surface  of  a  macadam  road  in  first-class  condition. 

Charles  W.  Eoss,  Esq.*   (by  letter).— Of  the  palliatives  used  in  Mr. 
Newton,  Dustoline  and  various  oil  emulsions  are  of  the  greatest  interest.  ^°^^' 
Dustoline    was    used    on    about    40  000    sq.    yd.    of    one    of    the    main 
thoroughfares,    and    the    cost    for    the    season   was    less    than   3    cents 
per  sq.  yd.  of  roadway. 

The  principal  emulsions  used  on  the  streets  included  in  the  street- 
sprinkling  system  are  "Terracolio"  or  "Headley's  Dust  Preventive 
No.  1,"  "Speare's  Eoad  Binder,"  and  "Standard  Emulsifying  Eoad 
Oil."  These  were  mixed  in  the  proportions  and  rate  of  500  gal.  of 
the  emulsion  to  500  gal.  of  water,  and  sprinkled  on  the  roadway  from 
an  ordinary  water  cart.  Most  of  these  materials  last  from  1  to  3  weeks, 
according  to  the  weather. 


SUEFACE  TEEATMENT  WITH  TAES,  HEAVY  OILS,  ETC. 

Charles   W.   Eoss,  Esq.*    (by  letter). — The  last  few  years  have  Mr. 
witnessed  an  increased  use  of  various  materials  for  the  treatment  of    °^^' 
roads,  with  a  view  to  their  preservation,  as  well  as  the  prevention  of 
dust.     The  methods  have  been  of  two  classes,  namely,  by  improved 
processes  of  road  construction,  and  by  surface  treatments. 

With  the  advent  of  the  automobile,  new  conditions  confronted 
road  engineers,  and  they  were  forced  to  decide  at  once  whether  they 
would  use  materials  for  simply  suppressing  dust,  such  as  oils  or 
emulsions  which  act  partly  as  binders,  or  bituminous  liquids  which 
would  prevent  wear  and  disintegration  by  forming  a  water-tight  wear- 
ing coat. 

The  continuous  and  fast  motor  traffic  to  which  roads  are  subjected 
denudes  them  of  the  fine  cementing  surface  material.  The  eflFecr  of 
such  traffic  on  stone  roads  has  been  the  subject  of  much  study  by  high- 
way engineers  in  nearly  every  civilized  country,  and  many  theories 
have  been  advanced  to  account  for  the   injury  to  the  roads.     It  has 

*  Street  Commissioner,  West  Newton,  Mass. 
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Mr.  been  generally  agreed  that  the  suction  of  the  pneumatic  tire  on  the 
Ross,  sm-faee  is  the  main  cause  of  the  trouble;  but  in  a  recent  address, 
Logan  Waller  Page,  M.  Am,  Soc.  C.  E.,  advanced  the  theory  that  the 
great  tractive  force,  or  longitudinal  shear  exerted  by  the  driving  v?heels 
of  motor  cars  is  the  main  cause  of  the  injury.  This  is  doubtless  due 
largely  to  irregularities  on  the  surface  of  the  road.  The  slip,  of 
course,  increases  the  quantity  of  finely-divided  surface  material  vi'hich 
is  thrown  into  the  air,  and,  as  the  amount  of  damage  increases  in 
proportion  to  the  irregularities  of  the  road  and  the  speed  of  the  car, 
the  effect  will  be  greatly  reduced  if  the  road  has  a  smooth  surface. 

The  prevention  of  dust  offers  two  distinct  problems :  In  the  first 
place,  the  question  naturally  arises  as  to  the  methods  to  be  adopted  in 
the  construction  of  new  roads  in  order  to  bring  about  the  desired 
properties  of  freedom  from  dust  and  low  cost  of  maintenance.  The 
second  problem  is  that  of  the  treatment  of  roads  already  in  existence, 
to  prevent  wear  and  disintegration. 

There  are  two  general  methods  by  which  such  roads  are  treated  to 
remedy  the  dust  nuisance,  although  it  is  difficult  to  draw  a  definite 
line  between  them.  The  first  is  by  sprinkling  the  surface  with  any  of 
the  emulsions,  and  the  second  is  by  treating  the  road  with  a  binding 
material  so  that  only  a  minimum  amount  of  dust  will  be  formed.  The 
first  method  of  suppressing  the  dust  is  of  necessity  a  temporary  ex- 
pedient. Water,  salt  solutions,  light  oils,  emulsions,  etc.,  come  properly 
in  this  class.  In  the  second  method,  it  is  obvious  that  the  essential 
properties  in  a  preservative  are  its  binding  power  and  durability.  For 
this  reason,  and  by  way  of  distinction  from  temporary  treatments, 
materials  for  this  purpose  can  be  properly  called  permanent  binders. 
Such  materials  as  tar  and  heavy  asphaltic  oils  are  included  in  this 
class.  It  must  be  pointed  out,  however,  that  the  word  "permanent"  is 
only  used  in  a  relative  sense,  and  that  binders  which  on  application 
will  last  at  least  one  whole  season,  are  included  under  this  head. 

The  principal  agencies  which  tend  to  cause  deterioration  on  tarred 
and  oiled  roads  are  frost,  heavy  rains,  and  decaying  organic  matter  on 
the  surface  of  the  road.  In  the  writer's  opinion,  this  last  mentioned 
cause  is  more  destructive  than  either  of  the  others,  and,  for  this  reason, 
after  a  street  is  treated,  it  should  be  swept,  by  hand  sweepers  or  other- 
wise, often  enough  to  keep  it  clean.  As  far  as  can  be  judged  from 
experiments,  one  kind  of  road  resists  the  action  of  these  agencies  as 
well  as  another. 

Oil,  as  a  rule,  penetrates  better  than  tar,  but  its  value  is  in  the 
asphalt  base,  and,  before  the  maximum  binding  power  is  reached,  the 
more  volatile  constituents  of  the  oil  must  evaporate,  which  is  a  slow 
process.  A  properly  treated  road  should  resemble  sheet-asphalt  pave- 
ment, although  it  is  of  a  more  resilient  character.  The  surface 
material   is   all  bonded  together  by   the  binding  material,   forming  a 
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smooth,  firm  surface  which  cau  be  cleaned  in  the  same  manner  as  a   Mr 
bheet-asphalt  pavement.  ^''®^- 

I'robably  as  early  as  1804  crude  oil  was  used  for  road  treatment 
in  Santa  ijarbara,  Cal.  In  1898  six  miles  of  road  were  treated  in 
Los  Angeles  County,  simply  with  the  idea  of  laying  the  dust.  The 
experiment  met  with  astonishing  success,  and  the  practice  spread 
rapidly.  The  oil  not  only  stopped  the  dust  nuisance,  but  bound 
together  the  particles  of  the  road  surface,  forming  a  tough  layer 
resembling  asphalt  pavement.  Since  California  made  these  first  experi- 
ments, oil  has  been  used  extensively  in  many  parts  of  the  country. 
It  has  been  found  that  the  quality  of  the  oil  used  is  of  the  utmost 
importance. 

Too  much  stress  cannot  be  laid  on  the  fact  that  the  street  must 
be  thoroughly  clean  before  any  of  the  material  is  applied.  It  is  not 
necessarily  advisable  to  have  the  road  surface  absolutely  dry,  practice 
having  shown  that  the  oil  has  a  tendency  to  adhere  to  the  dry  dust  on 
the  road.  This  can  be  prevented  by  sprinkling  the  surface  with  water 
two  or  three  hours  before  the  work  is  to  be  done.  The  oil  then  pene- 
trates, and  prevents  the  pulling  up  of  the  oil  and  sand. 

The  writer  has  tried  most  of  the  asphalt  preparations  in  use  at  the 
present  time  for  preserving  the  road  and  rendering  it  dustless,  and 
has  classified  these  in  three  grades,  as  follows: 

Grade  A. — This  is  an  asphaltic  oil,  sufficiently  fluid  to  be  applied 
to  the  roadway  at  atmospheric  temperature,  and  is  used  on  the  surface 
of  a  finished  road.  It  will  eft'ectually  bind  the  material  in  the  road, 
render  it  water-proof,  and  protect  it  from  wear  of  traffic  of  all  kinds. 
Automobile  traffic  tends  to  iron  it  out  and  improve  it,  rather  than 
destroy  it.  It  renders  the  surface  resilient  and  elastic,  and  provides 
an  agreeable  tread,  both  for  horses  and  vehicles. 

Grade  B. — This  is  a  heavier  material  than  Grade  A.  It  is  used 
for  the  building  of  new  roads,  or  for  resurfacing  or  reconstructing  old 
ones,  and  is  applied  hot  to  the  second  course  of  stone,  as  set  forth  in 
the  specifications  under  what  engineers  define  as  the  "Penetration 
Method."  It  makes  a  solid  bituminous  road,  extending  from  2  to  3  in. 
below  the  surface,  and  will  last  and  remain  dustless  for  several  years. 

Grade  C. — This  is  a  semi-solid  bituminous  product,  and  is  used 
in  building  or  resurfacing  roads  by  the  "Mixing  Process."  It  produces 
a  hard,  smooth,  dustless  roadway,  absolutely  water-proof,  and  cemented 
so  solidly  that  a  pickaxe  cannot  displace  or  disarrange  it  without  great 
effort  and  labor. 

At  West  Newton,  Mass.,  since  adopting  the  new  methods  of  work, 
large  quantities  of  Asphaltic  Oils,  Tarvia,  Tarite  A.sphalt,  and  Stand- 
ard Macadam  Binder  have  been  received.  The  materials  come  in  tank- 
cars  which  are  heated  and  unloaded  in  the  following  manner:  The 
car  is  first  connected  with  a  small  steam  boiler,  and  heated  to  a  tem- 
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Mr.  perature  of  about  100°  Fahr.,  thus  rendering  the  material  thin  enough 
^^^'  to  flow  through  the  hose  at  the  bottom  of  the  car,  which  rests  on  a 
trestle  about  10  ft.  above  the  surface  of  the  ground. 

When  adaptable  to  the  work,  a  Studebaker  tank-wagon  is  used  in 
applying  these  materials  to  the  roadway.  This  wagon  consists  of  a 
steel  tank,  holding  about  550  gal.,  with  forty  perpendicular  tubes,  2  in. 
in  diameter,  passing  through  it.  Under  this  tank  two  large  burners 
are  supplied  with  kerosene  oil  forced  in  by  pressure.  The  fire-box, 
extending  the  whole  length  of  the  tank,  gives  an  even  heat.  The 
material  is  applied  through  a  sprayer  or  spreader  which  is  perforated 
so  that  the  oil  trickles  down  on  the  roadway  in  very  fine  streams, 
covering  it  thoroughly  in  one  application.  In  the  writer's  opinion, 
this  is  a  very  satisfactory  way  of  applying  any  heavy  asphalt,  as  the 
material  can  be  readily  heated,  and  can  be  applied  in  large  or  small 
quantities,  the  flow  being  controlled  by  valves  which  can  be  regulated 
so  that  they  will  spread  as  small  a  quantity  as  ^  gal.  per  sq.  yd.  In 
applying  these  materials  it  is  better  to  close  half  the  roadway  at  a  time, 
leaving  the  other  half  open  to  trafiic. 

Asphaltoilene  was  used  in  1907  on  two  roadways  in  Newton,  a 
surface  of  about  16  822  sq.  yd.  being  treated  at  the  manufacturers' 
contract  price,  6  cents  per  sq.  yd.  At  present  these  roads  are  in  very 
good  condition. 

Several  macadam-surfaced  streets,  having  varying  grades  up  to  a 
maximum  of  9%,  and  subjected  to  heavy  horse-drawn  and  automobile 
trafiic,  were  selected  for  the  liquid-asphalt  treatment.  The  method 
used  was  as  follows :  A  quantity  of  sand  was  heated  to  a  temperature 
of  about  200°  Fahr.,  dumped  in  a  pile,  and  leveled.  The  asphalt  was 
poured  over  the  hot  sand  in  the  proportion  of  1  gal.  to  each  cubic  foot 
of  sand,  and  then  the  whole  mass  was  turned  with  shovels  or  mixed  in 
a  concrete  mixer  (the  latter  being  preferable  on  account  of  cost). 
This  work  was  done  at  the  pit.  The  mixture  was  teamed  to  the  work 
and  spread  on  the  roadway  to  a  depth  of  less  than  I  in.,  being  raked 
even  with  14-tooth  wooden  rakes.  Rolling  was  not  considered  neces- 
sary, and  the  street  was  kept  open  for  trafiic  at  all  times.  The  cost  of 
this  treatment  was  about  3  cents  per  sq.  yd.  It  has  the  advantage  of 
leveling  and  building  up  the  surface  of  the  road,  each  new  application 
providing  a  new  wearing  surface.  This  work  has  remained  in  perfect 
condition  without  further  expense  since  the  summer  of  1909. 

Some  cities  have  had  very  good  results  by  using  the  following 
process  for  patching.  Gravel  from  an  ordinary  gravel  pit  is  run 
through  a  ^-in.  screen,  using  a  little  more  than  J  gal.  of  the  asphalt- 
oilene, or  any  of  the  heavy  oils,  to  a  cubic  foot  of  gravel.  It  is  better 
to  heat  the  oil  or  the  gravel,  unless  the  work  is  done  in  the  summer, 
in  which  case  there  is  no  need  of  heating.  A  quantity  of  material  can 
be  prepared  at  the  pit  and  kept  ready  for  use  at  short  notice.     The 
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writtM-  lias   toiiiid   that   tlic  host   time  to  apply  this  treatment  is  after  Mr. 
a  heavy  rain,  as  all  the  depressions  in  the  roadway  show  little  pools      ''*'■ 
of  water,  and  if  these  are  filled  with  the  mixture  and  the  surface  is 
raked,  it  saves  the  expense  of  resurfacing  the  entire  street. 

The  idea  of  applying  tar  to  the  surface  of  broken-stone  roads 
probably  originated  with  an  Italian  physician,  Doctor  Guglielminetti, 
the  method  being  first  applied  to  the  streets  of  Monaco.  The  first 
authentic  mention  of  a  practical  application  of  coal-tar  to  the  surface 
of  a  completed  macadam  road  was  in  1880,  when  a  street  near  Bordeaux 
was  given  a  surface  treatment.  The  results  were  unsuccessful,  but 
6  years  later  a  similar  experiment  was  made  at  Melbourne,  Australia, 
with  so  much  better  results  that  the  practice  was  continued.  More 
care  was  taken  in  this  experiment,  the  road,  surface  being  first  cleaned, 
and  after  the  tar  was  applied  the  road  was  given  a  covering  of  fine 
crushed  stone.  The  results  showed  that  tar  had  considerable  value  as 
a  dust-layer  by  cementing  the  surface  of  the  road  together,  thereby 
preventing  its  deterioration.  The  wear  on  the  road  was  diminished, 
and  consequently  the  cost  of  maintenance  was  very  materially  reduced. 
Since  that  time,  other  experiments  have  been  tried,  in  France,  Eng- 
land, and  the  United  States.  The  use  of  tar  on  road  surfaces  in  the 
United  States  has  been  confined  largely  to  the  East  and  North,  except 
in  a  few  instances  where  the  park  authorities  in  the  larger  cities  have 
made  some  experiments. 

One  of  the  first  experiments  of  any  importance  in  the  United 
States  was  made  at  Jackson,  Tenn.,  in  the  summer  of  1905.  The 
United  States  Office  of  Public  Roads,  in  co-operation  with  Mr.  Samuel 
C.  Lancaster,  City  Engineer  of  Jackson,  made  a  series  of  careful 
experiments  to  determine  the  value  of  coal-tar  treatments  on  broken- 
stone  roads.  These  experiments  created  such  widespread  interest  that 
similar  ones  were  made  in  different  sections  of  the  country. 

The  State  of  Massachusetts  was  among  the  first  to  use  Tarvia, 
a  number  of  cities  in  the  vicinity  of  Boston,  as  well  as  the  Metropolitan 
Park  Commission,  and  the  State  Highway  Commission,  treating 
several  miles  of  roadway.  At  about  this  time  Rhode  Island  and 
New  York  were  using  Tarvia  and  other  tar  preparations  on  their  State 
roads  and  streets  with  good  results.  The  foregoing  experiments  show 
conclusively  that  a  specially  prepared  tar  has  given  better  results  than 
any  of  the  crude  tars  in  use  up  to  the  present  time. 

In  Newton  the  first  Tarvia  was  used  on  a  section  of  the  boulevard, 
in  September,  1906.  The  roadbed  was  first  repaired  and  shaped  up. 
The  area  covered  was  3  500  sq.  yd.,  and  the  cost  was  14  cents  per  sq.  yd. 
This  section  has  not  received  any  repairs  up  to  the  present  time,  and 
is  apparently  in  first-class  condition  in  every  way. 

In  1907  a  section  of  a  road,  the  macadam  surface  of  which  had 
become  badly  worn,  was  treated  as  follows:    It  was  spiked  up  with 
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Mr.  the  roller  and  covered  with  a  light  grouting  of  1 :  2  Portland  cement 
*^^^'  mortar,  which  was  spread  evenly  over  the  entire  surface,  and  penetrated 
into  the  stone  in  such  a  way  as  to  bind  the  whole  material  together. 
It  was  then  smoothed  off  with  large  street-sweepers'  brooms.  The  road 
was  closed  for  about  4  days,  giving  the  cement  time  to  set.  After  this 
it  was  opened  to  traffic  and  used  for  about  a  year.  Then  the  surface 
was  swept  with  an  ordinary  horse-sweeper,  and  covered  with  a  thin 
coating  of  Tarvia  A,  heated  to  a  temperature  of  about  170°  Fahr., 
which  adhered  readily  to  the  cement,  giving  a  smooth  and  satisfactory 
surface.  This  still  remains  in  first-class  condition,  after  a  period  of 
about  3J  years.  On  a  small  portion  of  the  same  street  a  second 
coating  of  cement  grout  was  applied  and  covered  with  Tarvia  A.  This 
experiment  was  for  the  purpose  of  ascertaining  whether  the  materials 
would  adhere  and  form  a  satisfactory  surface.  It  has  proved  to  be  all 
that  was  expected. 

In  recommending  the  use  of  the  different  tar  treatments,  it  is  well 
to  bear  in  mind  that  they  are  better  adapted  to  macadam  than  to  gravel 
surfaces,  because  the  surface  is  likely  to  become  broken  unless  the 
foundation  is  solid  enough  to  carry  the  load,  and,  once  broken,  deterio- 
ration is  very  rapid.  The  asphalt  oils,  however,  can  be  applied  to 
either.  They  stand  the  winter  weather  without  breaking,  and  in  the 
spring  are  as  smooth  as  when  built. 

Within  the  past  two  or  three  years,  or  since  the  automobile  came 
into  general  use,  many  engineers  have  almost  come  to  the  point  of 
deciding  against  the  construction  of  macadam  roads.  While  this  may 
be  true  as  relates  to  water-bound  macadam,  yet,  in  view  of  the  small 
cost  of  building  and  maintenance,  as  compared  with  the  more  expensive 
forms  of  laid  pavements,  it  is  questionable  if  anything  better  than 
macadam  has  yet  been  discovered  for  modern  traffic  in  towns  and 
small  cities,  provided  it  is  bound  or  surfaced  with  bituminous  prepara- 
tions. Experience  has  shown  that  if  a  macadam  road  is  properly 
treated  when  first  built  or  extensively  repaired  with  any  of  the  fore- 
going bituminous  binders,  the  results  will  be  satisfactory;  and,  con- 
sidering the  difference  in  cost  between  the  old  form  of  water-bound 
macadam  and  the  new  method  of  using  bitumen,  the  amount  is  very 
slight  compared  with  the  advantages  of  a  roadway  which  is  water-proof, 
dustless,  easily  cleaned  and  repaired,  and  will  endure  both  horse-drawn 
and  mechanically  propelled  vehicles.  The  automobile  is  not  so  much 
to  be  dreaded  as  was  at  first  supposed.  A  road  properly  treated  will 
stand  the  traffic  of  automobiles  and  horse-drawn  vehicles  and  wear  for 
as  many  years  as  it  would  without  mechanical  traction. 

The  progress  which  has  been  made  in  the  past  10  years  is  very 
gratifying.  The  time  has  now  arrived  when  engineers  must  require 
as  effective  construction  as  possible,  which  practice  is  always  the 
cheapest  in  the  long  run. 
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W.   \y.  Caosm-,  M.  Am.  Soc.  C.  E. — During  1910,  under  the  direc-      Mr. 
tinn  of  the  speaker,  about  50  miles  of  road  in  Maryland  were  treated    ''"■'^^•^'• 
with  various  tars  and  heavy  oils,  most  of  this  work  being  on  newly 
finished    water-bound   macadam.      For    the    sake    of    conciseness,    the 
information  concerning  this  construction  is  submitted  in  Table  1. 

For  the  road  between  Baltimore  and  Washington,  portions  of 
which  had  been  improved  with  water-bound  macadam  in  previous 
years,  the  information  is  given  concisely  in  Table  2. 

The  traffic  over  the  roads  mentioned  in  Table  1  has  been  counted 
and  is  given  in  Table  3. 

The  traffic  over  the  sections  of  the  Baltimore-Washington  Road 
has  been  counted,  and  is  given  in  Table  4. 

In  September,  1908,  a  3  year-old  stretch  of  water-bound,  trap- 
rook  macadam,  in  fair  condition,  12  ft.  wide  and  538  ft.  long,  was 
swept  thoroughly,  and  coated  with  refined  water-gas  tar  to  the  extent 
of  1.08  gal.  per  sq.  yd.  A  coating  of  stone  chips  was  then  applied  in 
sufficient  quantity  to  take  up  any  excess  of  tar  which  did  not  penetrate 
the  road  itself  in  about  5  hours.  The  chips  were  then  well  rolled.  The 
cost  was  as  follows : 

Pitch  (at  6  cents  per  gal.  delivered) .  .  6.6  cents  per  sq.  yd. 
Stone   chips    (at  $1.75  per  ton  de- 
livered)      2.3  "        "  "  " 

Labor  and  incidental  expenses 3.8  "        "  "  " 

Total 12.6  cents  per  sq.  yd. 

This  section  has  been,  and  is  now,  in  an  entirely  satisfactory 
condition;  it  has  not  needed  any  attention  or  expense  since  construc- 
tion.    The  traffic  on  this  road,  as  counted  recently,  was: 

Single  vehicles 66  1 

Double   vehicles 9 

3-  (or  more)  horse  vehicles....  8   [    Average   traffic   per 

^fotor  cycles 3   T       day  of  12  hours. 

Runabouts  3 

Touring    cars 41  J 

It  is  impossible  to  give  the  ultimate  cost  of  the  above  work  now, 
as  the  data  when  re-treatment  will  be  necessary  are  unknown  and  at 
present  not  even  in  sight. 

In  addition  to  the  foregoing,  a  material,  which  might  perhaps  be 
included  as  a  "Heavy  Oil,"  for  the  purpose  of  reporting  on  it  under 
this  topic,  has  been  tried. 

In  November,  1909,  a  section  of  Park  Heights  Avenue,  about 
6  miles  from  the  City  Limits,  was  treated  by  simply  spraying  "Glutrin" 
from  an  ordinary  sprinkling  cart  on  the  surface.  The  quantity  used  was 
1  600  gal.  on  2  300  sq.  yd.  of  water-bound  limestone  macadam  which 
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Mr.  was  built  in  1908,  and  in  November,  1909,  was  still  in  very  good 
'■^^'^y-  condition.  The  limestone  was  of  the  white  variety,  rather  soft,  though 
highly  cemetitious.  The  "Glutrin"  was  spread  about  1  ft.  beyond  each 
edge  of  the  12-ft.  wide  macadam,  as  the  shoulder  material  was 
ordinarily  of  poor  quality.  The  traffic  over  this  section  of  road  had 
been  fairly  light,  and,  until  the  fall  of  1910,  the  "Glutrin"  treatment 
was  visible  and  seemed  to  have  had  some  good  effect.  The  road 
surface  of  the  treated  section  was  less  friable  and  less  dusty  than  the 
untreated  macadam  of  the  same  road  immediately  beyond.  The  cost 
of  this  "Glutrin"  treatment  in  1909  was  about  10  cents  per  sq.  yd. 
During  1910  a  branch  road  was  opened  into  Park  Heights  Avenue 
at  about  the  middle  of  the  "Glutrin"-treated  section,  and  hence  the 
traffic  over  a  part  of  it  greatly  increased. 

TABLE  3. — Average  Traffic  per  Day  of  11  Hours. 


Reference  number  of  road. 


Forestville-Marlboro.    Contract  No.  0130. 

Greensboro- Denton.    Contract  No.  050 

Denton-Federalsbnrg.    Contract  No.  05] . . 

Hickory.    Contract  No.  0175 

Easton-Wye  Mills.    Contract  No.  01 10 

Federalsburg-Hurlock.     Contract  No.  052 
Federalsburg-Hurlock.    Contract  No.  070 


19 

133   32 

213    36 

431     9 


S  o 


^  XD 


.      TO      , 

O  "    O 


w  w 


TABLE  4. — Average  Traffic  per  Day  of  10.5  Hours. 


Section 

One- 

Two- 

Three- 

Four- 

Six- 

Motor 

Run- 

4- or  6- 
seat 
cars. 

7-seat 

Wagons. 

number. 

horse. 

horse. 

horse. 

horse. 

horse. 

cycles. 

abouts. 

cars. 

9 

115 

25 

1 

0 

0 

20 

3 

29 

11 

1 

2-A 

151 

26 

0 

1 

1 

1 

1 

7 

3 

1 

4-A 

71 

12 

0 

0 

0 

0 

2 

6 

0 

0 

12-B 

88 

33 

0 

2 

0 

4 

3 

19 

4 

0 

12-A 

233 

98 

2 

3 

0 

3 

6 

20 

10 

0 

14-A 

267 

142 

3 

4 

0 

' 

4 

33 

5 

0 

The  following  is  a  recent  count  below  the  branch  road  referred  to : 

One-horse    12  ^ 

Two-horse    1 

Four-horse     5   I    Average   traffic   per 

Six-horse    13   j       day  of  12  hours. 

6-  or  Y-seat  cars 1 

Omnibuses  or  drays 1  J 

It  was  decided  to  treat  the  main  road  below  the  branch  road  with 
bituminous  material,  which  was  done.     The  remainder  of  this  road,  to 
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its  end  (about  10  000  ft.),  needed  some  repairs  to  the  macadam.     These     Mr. 
were  made   by  water-binding  metliods,   at   an   average   cost   of  $0,276  ^''"^^^^' 
per  sq.  yd.,  calculated  on  the  basis  of  the  total  area  of  the  macadam 
in  the  road,  as  the  road  was  built  in  1908  and  had  received  practically 
no  maintonanro.     Then  "Glutrin"  was  npiilied  to  the  macadam  through 
an  ordinary  sprinkling  wagon. 

The  proportions  used  were  5  gal.  of  "Glutrin"  to  2  gal.  of  water, 
or  (1426  gal.  of  "Glutrin"  per  sq.  yd.  of  macadam.  It  was  sprinkled 
jihout  2  ft.  outside  the  edges  of  the  macadam.  The  work  was  completed 
about  December  1st,  1910.     The  cost  was  as  follows: 

Repairing    macadam $0,276  per  sq.  yd. 

Treating  with   "Glutrin" 0.07        "     "      " 


Average   traffic   per 
day  of  12  hours. 


Total  cost , $0,346  per  sq.  yd 

Tlie  traffic  on  this  section,  as  counted  recently,  was: 

One-horse    15  ^ 

Two-horse    4 

Four-horse    2 

Six-horse    5 

Runabouts    2 

4-  or  5-seat  cars 10 

7-seat   cars 2  J 

Pkevost  Hubbard,  Esq.*- — Without  doubt,  the  most  vital  question  Mr. 
to  be  considered  in  connection  with  the  surface  treatment  of  macadam 
roads  with  hisavy  oils  is :  Under  what  conditions  will  such  treatment 
prove  satisfactory?  Apart  from  the  condition  of  the  road  surface 
before  treatment,  the  character  of  the  oil,  and  the  method  of  applica- 
tion, a  most  important  factor  is  the  traffic  to  which  the  road  is,  or 
will  be,  sul)jected.  Considerable  attention  has  recently  been  paid  to 
the  first  three,  but  the  last  seems  to  have  been  overlooked  to  a  great 
extent,  at  least,  in  so  far  as  available  data  are  concerned.  It  is  to 
this  factor — the  effect  of  traffic  on  macadam  roads  surfaced  with  heavy 
oils — that  the  speaker  wishes  to  call  particular  attention. 

Granting  that  a  given  road  in  good  condition  has  been  treated 
properly  with  a  good  grade  of  oil,  experience  indicates  that  horse-drawn 
traffic  will  damage  the  surface  mat  of  oil  and  stone  screenings  to  a 
greater  extent  than  automobile  traffic.  In  fact,  the  latter,  if  not  ex- 
cessive, seems  in  certain  ways  to  be  beneficial  to  such  a  surface,  by 
keeping  it  smooth  and  well  compacted.  Horse-drawn  traffic,  on  the 
other  hand,  tends  to  cut  and  roughen  the  oil  mat,  and  if  the  ruts  and 
caulk  marks  are  not  ironed  out  promptly  by  the  passage  of  motor 
vehicles,  the  mat  is  apt  to  disintegrate  and  produce  an  oily,  disagreeable 

*  Chemist,  Office  of  Public  Roads,  Washington,  D.  C. 
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Mr.       mud  in  wet  weather.     In  general,  it  may  be  said  that  such  damage 


Hubbard. 


is  most  pronounced  during  cold,  rainy  weather,  and  that  an  oil-surfaced 
road  will  prove  most  unsatisfactory  at  such  times.  This  being  true, 
particular  attention  should  be  paid  to  traffic  conditions  during  bad 
weather. 

In  ascertaining  from  previous  experiments  under  what  conditions 
surface  treatment  will  prove  satisfactory,  the  following  facts  are  most 
necessary : 

(1)  The  volume  of  traffic  in  bad  weather; 

(2)  The    proportion    of    horse-drawn    vehicles    to    motor    vehicles 
during  bad  weather; 

(3)  The  character  of  both  classes  of  traffic  during  bad  weather. 

A  certain  instance  has  come  under  the  speaker's  observation :  Two 
macadam  roads,  in  good  condition,  were  treated  in  the  same  manner, 
and  with  the  same  oil,  as  shown  by  analysis.  One  of  these  roads 
proved  to  be  quite  good  throughout  the  year,  while  the  other  was  far 
from  satisfactory  during  bad  winter  weather,  at  which  time  an  oily 
mud  was  formed  over  the  surface  to  a  depth  of  about  2  in.  Eventually, 
this  mud  had  to  be  removed.  The  oil  was  a  heavy  semi-asphaltic 
residuum,  barely  fluid  enough  to  apply  cold  in  a  satisfactory  manner. 
The  following  are  the  specifications  for  this  oil: 

Specifications  for  Road  Oil. 

This  oil  is  to  be  used  cold  in  the  surface  treatment  of  clean,  well- 
consolidated  macadam  roads. 

(1)  The  oil  shall  be  a  viscous  fluid  product,  free  from  water,  and 
showing  some  degree  of  adhesiveness  when  rubbed  between  the  fingers. 

(2)  It  shall  have  a  specific  gravity  of  not  less  than  0.940  at  25°  cent. 

(3)  It  shall  be  soluble  in  carbon  bisulphide,  at  air  temperature,  to 
at  least  99.0%,  and  shall  show  not  more  than  0.2%  of  inorganic  matter 
insoluble. 

(4)  It  shall  contain  not  less  than  3.0%,  nor  more  than  10.0%,  of 
bitumen  insoluble  in  86°  Baume  paraffin  naphtha  at  air  temperature. 

(5)  When  240  cu.  cm.  of  the  oil  are  heated  in  an  Engler  viscosim- 
eter  to  50°  cent,  and  maintained  at  this  temperature  for  at  least 
3  min.,  the  first  50  cu.  cm.  shall  flow  through  the  aperture  in  not  less 
than  10  min.,  nor  more  than  20  min. 

(6)  When  20  grammes  of  the  material  are  heated  for  5  hours  in  a 
cylindrical  tin  dish,  approximately  2^  in.  in  diameter  and  1  in.  high, 
at  a  constant  temperature  of  163°  cent.,  the  loss  in  weight  by  volatiliza- 
tion shall  not  exceed  20  per  cent.  The  residue  should  be  decidedly 
sticky. 

(7)  Its  fixed  carbon  shall  be  not  less  than  3.5  per  cent. 

A  traffic  census  of  the  two  roads,  taken  on  various  days  during 
bad  weather,  showed  that  it  was  quite  uniform  at  such  times.  For 
both,  the  traffic  consisted  mainly  of  automobiles,  light  carriages,  and 
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delivery  wagons,  no  heavy  trucking  being  allowed.  The  maximum  Mr. 
traffie  on  the  road  in  good  condition  amounted  to  41  vehicles  per  hour, 
while  on  the  road  in  bad  condition  there  were  127  vehicles  per  hour, 
giving  a  proportion  of  about  1  to  3.  This  proportion  was  practically 
the  same  for  each  hour  taken.  On  the  road  in  good  condition,  5  auto- 
iiiobiles  were  counted  for  every  4  horse-drawn  vehicles,  while  on  the 
bad  road  the  proportion  of  automobiles  to  horse-drawn  vehicles  was 
approximately  1  to  2.  In  view  of  the  fact  that  on  neither  of  these 
roads  can  the  volume  of  traffic  be  considered  as  excessive,  it  seems 
probable  that  the  difference  in  results  can  be  attributed  directly  to  the 
greater  proportion  of  horse-drawn  vehicles  to  motor  vehicles. 

Of  course,  too  great  reliance  should  not  be  placed  on  a  single  set  of 
observations,  but  the  following  facts  would  seem  to  be  indicated  from 
these  experiments : 

(1)  With  the  type  of  oil  used,  satisfactory  results  may  be  expected 
when  the  automobile  traffic  is  in  excess  of  the  horse-drawn 
traffic  during  bad  weather; 

(2)  With  this  same  oil,  unsatisfactory  results  may  be  expected 
when  the  proportion  of  horse-drawn  vehicles  is  double  that 
of  motor  vehicles  during  bad  weather. 

In  the  speaker's  opinion,  the  danger  line  lies  much  closer  to  the 
point  where  the  proportion  of  horse-drawn  vehicles  just  exceeds  that  of 
motor  vehicles  during  bad  weather,  but  this  remains  to  be  proved.  It 
would  seem  reasonable,  however,  to  expect  that  the  number  of  auto- 
mobiles must  be  equal  to  the  number  of  horse-drawn  vehicles  in  order 
that  the  marks  on  the  oil  mat  made  by  the  latter  may  be  ironed  out 
as  fast  as  formed. 

The  limited  time  necessarily  allowed  for  these  discussions  makes 
it  impossible  to  enter  into  as  much  detail  as  might  be  desired,  and 
therefore  the  speaker  will  conclude  with  the  suggestion  that  in  future 
surface  treatments,  careful  records  of  traffic  during  bad  weather  be 
kept,  in  order  to  determine  when  such  treatment  can  be  expected  to 
prove  satisfactory.  This  information  should  be  particularly  valuable 
to  those  who  have  occasion  to  treat  park  and  pleasure  drives,  as  surface 
treatment  would  seem  to  be  of  the  greatest  value  on  roads  of  that  type. 

Arthur  H.  Blanchard,  M.  Am.  Soc.  C.  E. — The  extent  and  the  Mr. 
success  of  the  future  use  of  surface  treatments  in  the  United  States 
depends  on  the  development  of  economical  and  efficient  methods  for  the 
liistribution  of  bituminous  materials,  the  use  of  methods  and  materials 
adaptable  to  local  conditions,  the  construction  of  macadam  and  gravel 
surfaces  in  such  a  manner  as  to  be  suitable  for  the  effective  superficial 
application  of  bituminous  materials,  and  the  adoption  of  an  efficacious 
system  of  continuous  maintenance,  including  the  installation  of  proper 
plant  equipment.     That  superficial  treatments  are  entirely  satisfactory 
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Mr.        from    the    standpoints    of    economics    and    efficiency    when    the    above 
■  conditions  are  fulfilled,  the  practice  of  English  and  French  engineers 
during  the  past  five  year's  clearly  demonstrates. 

The  present  seems  to  be  an  opportune  time  to  discuss  some  of  the 
disputed  points  relative  to  methods  and  materials  used  in  connection 
with  surface  treatments.  Not  only  is  there  a  decided  difference  of 
opinion  among  American  engineers  as  to  the  value  of  various  methods 
and  materials,  but  foreign  engineers — especially  the  English  and 
French — also  hold  widely  divergent  opinions  with  reference  to  certain 
details.  Among  the  points  which  should  engage  the  attention  of 
engineers  are  the  following :  The  relative  advantages  of  pressure  and 
gravity-flow  distributors;  the  amount  of  penetration  of  an  ordinary 
macadam  road  obtained  by  the  use  of  a  pressure  spraying  machine; 
the  relative  advantages  of  sand,  shingle,  gravel,  and  stone  chips  as  a 
covering;  the  feasibility  of  the  omission  of  the  covering;  the  practica- 
bility of  drying  a  damp  macadam  surface  artificially  in  order  to 
render  possible  the  application  of  such  a  bituminous  material  as  tar, 
thus  obviating  the  unnecessary  expense  due  to  waiting  for  the  road 
to  dry  out;  the  relation  of  the  size  of  stone  composing  the  surface  of  a 
macadam  road  to  the  economics  and  efficiency  of  surface  treatments; 
the  slipperiness  of  surfaces  treated  superficially  with  various  bitu- 
minous materials  under  varying  climatic  conditions;  the  effect  of  non- 
skidding  devices,  particularly  chains,  steel  studs,  and  rubber  blocks,  on 
various  surfaces ;  and  cost  data  covering  a  series  of  annual  applications 
of  a  given  kind  of  bituminous  material  on  the  same  road. 
Mr.  Frank  J.  Eppf.le,  Esq.*  (by  letter). — It  is  not  intended  to  enter 

ppe  e.  .^^^  ^  technical  discussion  of  the  relative  values  of  the  various 
methods  of  surface  treatment  or  even  to  consider  the  comparative 
merits  of  the  numerous  compounds  used,  but  to  confine  the  discussion 
to  a  review  of  the  work  done  by  Mercer  County,  New  Jersey,  in 
maintaining  its  system  of  improved  highways. 

That  work  has  been  surface  treatment,  and  has  been  confined 
almost  entirely  to  the  application  of  a  bituminous  dust  layer  known 
as  "No.  4  Road  Oil,"  guaranteed  to  contain  from  40  to  45%  of 
petroleum  asphalt,  and  "No.  5  Road  Oil,"  having  an  asphaltic  content 
of  from  50  to  55  per  cent.  The  primary  object  in  using  this  oil  com- 
pound was  to  allay  dust,  but  it  was  also  found  that  its  application 
added  materially  to  the  condition  of  the  surface  of  the  road,  and,  for 
the  time  being,  obviated  the  necessity  of  making  more  costly  repairs. 
It  was  demonstrated  that  on  macadam  roads,  where  a  slight  disintegra- 
tion of  the  surface  had  begun,  further  destruction  could  be  retarded 
and  the  road  maintained  through  another  season  in  good  condition 
by  a  single  application  of  road  oil  with  the  addition  of  a  thin  coat  of 
stone  screenings.  Relatively  better  results  were  secured  when  two 
applications  were  made. 

*  County  Engineer  of  Mercer  County,  N.  J. 
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The  uil  was  purchased  by  the  car  load.  Without  heating,  it  was  Mr. 
dij^tributed  on  the  road  with  an  ordinary  sprinkler  having  an  oil- ^pp®^®- 
(hstributing  attaehniont.  The  cost,  including  the  screenings,  was  about 
8  cents  per  sq.  yd.  This  work,  while  giving  good  results,  was  not 
entirely  satisfactory  on  account  of  the  uneven  distribution  of  the  oil 
caused  by  variations  in  the  speed  of  the  horse-drawn  sprinkler.  These 
speed  variations  were  due  to  change  of  gi'ades  and  the  passing  from  a 
maximum  to  a  minimum  load  to  be  hauled,  and  also  to  the  uneven 
oil  pressure  maintained  at  the  distributing  point  on  account  of  the 
constantly  changing  head.  This  objectionable  feature  was  entirely 
eliminated  by  the  use  of  an  auto-sprinkler  owned  by  the  oil  company. 
With  this  sprinkler  perfectly  satisfactory  results  were  obtained,  the 
machine  being  capable  of  traveling  at  uniform  speed,  regardless  of 
changes  in  grade  or  load.  The  varying  pressure  due  to  head  of  oil 
was  overcome  by  maintaining  uniform  air  pressure  in  the  tank.  This 
pressure  added  materially  to  the  final  result  by  forcing  a  portion  of 
the  oil  into  the  body  of  the  road.  Almost  double  the  quantity  of  oil 
can  be  used  without  causing  small  rivulets  to  flow  to'  the  sides  of 
the  road  when  the  distribution  is  accomplished  in  this  way. 

After  this  first  trial,  all  surface  oiling  was  done  with  auto  sprinklers 
at  a  cost  of  1.2  cents  per  sq.  yd.  of  surface  treated;  but  this  did  not 
include  the  cost  of  the  coat  of  screenings.  The  cost  of  furnishing  and 
spreading  the  necessary  quantity  of  screenings  was  3  cents  per  sq.  yd., 
thus  giving  a  total  cost  of  4.2  cents  as  compared  with  8  cents  per  sq.  yd. 
when  the  entire  work  was  done  by  the  County. 

This  method  of  surface  treatment,  although  of  a  temporary  nature 
only,  gave  very  good  results,  and,  when  considered  in  connection  with 
its  cost,  deserves  to  rank  among  the  foremost  methods  of  maintaining 
an  already  constructed  water-bonded  macadam  road.  Great  care  should 
be  taken,  however,  in  selecting  an  oil  for  surface  application.  If  the 
oil  is  too  thick,  it  will  remain  on  the  surface  and  will  not  penetrate 
the  body  of  the  road.  When  of  this  consistency,  it  will  adhere  to  the 
wheels  of  passing  vehicles,  causing  more  or  less  discomfort  to  the 
traveling  public  as  well  as  injury  to  the  road  surface.  On  the  other 
hand,  if  the  oil  is  too  thin  or  too  light,  it  has  too  great  a  spreading 
and  penetrating  power  for  the  base  it  contains.  The  result  secured 
with  such  oils  is  a  stained  surface  more  or  less  devoid  of  any  cement- 
ing bitumen,  making  frequent  applications  necessary.  An  ideal  oil  is 
one  which  will  penetrate  and  yet  have  sufficient  base  to  assist  in  hold- 
ing together  the  mineral  aggregate.  In  the  writer's  judgment,  a 
product  containing  from  40  to  45%  of  petroleum  asphalt  will  generally 
give  the  best  results. 

Of  course,  it  is  presumed  that  the  surface  of  the  road  to  which 
the  oil  is  to  be  applied  is  in  fair  condition,  being  free  from  ruts  or 
other  pronounced  inequalities.  If  it  is  not  in  fair  condition,  the  sur- 
face should  be  renewed  before  the  application  is  made.     In  fact,  no 
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Mr.      method  of  surface  renewal  should  be  used  for  roads  in  poor  condition 
PP®^"  unless  provision  is  made  for  spreading  a  mineral  aggregate  to  a  depth 
of  3  in.  or  more. 

Another  method  of  surface  treatment,  which  gives  every  indication 
of  producing  good  results,  is  the  application  of  a  heavy  residuum  oil, 
having  a  specific  gravity  of  about  12°  Baume  and  a  residue  of  about 
90%  when  reduced  to  100  penetration  at  77°  Fahr.,  which,  when 
absorbed  by  the  sand  coating  spread  over  the  oiled  surface  to  a  depth 
of  1  in.  or  more,  depending  on  the  quantity  of  oil  to  be  taken  up, 
forms  a  sand  asphalt  coating  which  is  practically  water-proof,  dust- 
less,  and  noiseless,  and  might  be  termed  an  artificial  rock  asphalt. 
Unlike  the  oil  product  previously  referred  to,  this  asphaltic  compound, 
while  having  no  penetrative  qualities  whatever,  possesses  distinct 
binding  qualities.  It  is  obtained  by  the  distillation  of  an  asphalt- 
base  petroleum  oil. 

The  method  of  applying  this  oil  was  as  follows :  The  surface  of  the 
road  was  first  carefully  swept  to  remove  all  loose  matter,  after  which 
water  was  applied  with  a  sprinkler  in  sufficient  quantity  to  saturate  the 
road  thoroughly,  the  object  being  to  remove  any  loose  particles  remain- 
ing on  the  surface  and  to  deposit  them  in  the  existing  crevices. 
Uniform  distribution  of  the  oil  cannot  be  accomplished  if  there  is 
much  loose  material  on  the  surface.  The  oil  was  received  in  tank 
cars,  and,  after  heating  to  about  150°  Fahr.,  was  pumped  into  a  road 
sprinkler  and  applied  to  the  washed  surface  with  a  special  spreading 
device,  using  J  gal.  per  sq.  yd.  of  surface.  When  the  asphaltic  product 
came  in  contact  with  the  wetted  surface  of  the  road,  it  was  chilled, 
thus  preventing  it  from  running  off  at  the  sides.  While  in  this  chilled 
state,  it  was  absorbed  by  the  sand  coating  which  had  been  immediately 
spread.  The  sand  used  was  of  a  sharp,  gritty  nature,  entirely  free 
from  loam  and  moisture.  The  road  was  opened  to  traffic  after  a 
reasonable  amount  of  rolling,  and  the  spreading  of  additional  sand  at 
points  showing  a  surplus  of  oil.  The  condition  of  the  surface  then 
improved  daily.  The  value  of  this  method  of  repairing  roads  depends 
on  the  fact  that  an  oil  of  this  consistency,  when  covered  with  a  layer 
of  sand,  will  be  slowly  drawn  to  the  surface  by  solar  heat ;  consequently, 
work  of  this  class  should  be  done  only  on  clear,  warm  days. 

The  experimental  work  done  by  this  method,  was  necessarily  crude, 
owing  to  improper  machinery,  etc.,  but  it  is  understood  that  heater 
tank  wagons  are  now  being  used  which  apply  the  oil  under  pressure, 
and  thus  give  more  uniform  results  by  eliminating  the  probability  of 
having  a  varying  thickness  of  resurfacing  material. 

It  is  Essential  to  coat  every  part  of  the  road  with  a  layer  of  oil 
of  uniform  thickness,  as  points  not  coated  will  have  no  covering,  and 
those  receiving  an  excess  of  compound  will  become  wavy  by  the  rolling 
of   the    surface   under   extreme   loads.      It    is    also   apparent   that   the 
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surface  of  a  road  to  be  treated  by  this  method  should  be  free  from  Mr. 
inequalities,  thereby  removing  all  possibility  of  water  collecting  in 
pools  on  the  surface.  Although  no  experiments  have  been  made  along 
this  line,  it  is  believed  that  if  a  light  coating  of  pea-size  broken  stone 
is  applied  first,  and  then  covered  with  sand,  the  result  will  be  a  great 
improvement,  giving  a  better  and  more  lasting  covering,  which  will 
reduce  to  a  minimum  the  tendency  to  creep  under  heavy  loads.  The 
asphaltic  oil-sand  covering  which  has  been  in  use  for  one  year  indi- 
cates that  fairly  good  results  will  be  obtained  for  another  season.  It 
is  proper  to  assume,  then,  that,  under  normal  conditions,  the  life  of 
roads  resurfaced  by  this  particular  method  is  2  years,  after  which,  with 
the  addition  of  a  lighter  coating,  it  is  claimed  that  the  life  can  be 
extended  to  4  years.  The  cost  of  the  compound  was  5  cents  per  gal., 
delivered,  and  the  total  cost  for  work  of  this  class  was  about  9  cents 
per  sq.  yd.,  or  an  average  of  4^  cents  per  sq.  yd.  per  year. 

By  far  the  greater  part  of  all  resurfacing  work  on  roads  in  New 
Jersey  during  1910  was  done,  or  at  least  started,  under  a  State  specifi- 
cation, which  called  for  the  spreading  of  4  in.  (loose  measurement)  of 
1^-in.  broken  stone;  the  coating  of  the  stone  by  the  application  of 
heated  asphaltic  binder  to  the  surface;  thorough  rolling;  the  addition 
of  f-in.  stone,  or  screenings,  and  sometimes  sand,  and  continued 
rolling  until  the  road  was  finished.  Although  it  was  thought  that 
excellent  results  would  be  produced  by  this  method,  it  failed  to  come 
up  to  expectation. 

A  large  number  of  contracts  for  new  construction,  as  well  as  recon- 
struction work,  liad  been  entered  into  throughout  the  State,  when,  in 
the  middle  of  the  season,  it  was  decided,  with  the  consent  of  all 
interested  parties,  to  change  the  contract  by  eliminating  the  use  of 
the  asphaltic  binder  specified  and  by  providing  for  the  construction 
of  a  water-bonded  macadam,  and  the  application,  when  completed,  of 
"No.  4  Eoad  Oil"  to  the  surface.  In  every  case  this  change  carried 
with  it  an  allowance  or  rebate,  on  the  part  of  the  contractor,  to  the 
State  and  County,  and,  at  the  same  time,  gave  greatly  improved  results, 
when  compared  with  those  previously  obtained. 

That  part  of  the  original  specification  relating  to  the  qualities  of 
the  asphaltic  binder  to  be  used  was  prepared  by  an  expert  chemist,  and 
called  for  heating  the  compound,  which  was  shipped  in  tank  cars,  to 
200°  Fahr.,  after  which  it  was  to  be  applied  to  the  road  by  a  sprinkler. 

It  is  claimed,  by  the  parties  who  furnished  the  asphaltic  binder, 
that  the  cause  of  failure  was  due,  not  to  the  chemical  proportions,  but 
to  the  physical  properties  of  the  compound,  and  that  if  a  hard  binder, 
without  being  "cut  back"  or  fluxed  with  a  distillate,  had  been  specified 
to  be  applied  by  hand  after  heating  to  350°  Fahr.,  the  final  results 
would  have  been  entirely  satisfactory.  This  claim  by  the  oil  company, 
however,  is  not  in  accordance  with  the  results  obtained  in  New  Jersey 
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Mr.  during  the  past  3  years.  The  binder  used  during  1909  was  not  a  "cut 
^^^^  ^'  back"  product,  yet  the  results  were  worse  than  those  secured  by  the 
"cut  back"  compound  specified  in  1910.  Both  products  were  of  about 
the  same  consistency.  According  to  the  opinion  of  the  chemist  referred 
to  above,  one  of  the  causes  of  failure  was  the  use  of  an  oil  having  a 
parafSne  base,  oils  of  this  type  appearing  to  lose  their  binding  prop- 
erties much  more  quickly  than  those  having  an  asphaltic  base. 

It  is  possible,  however,  with  a  proper  asphaltic  binder,  to  make  a 
satisfactory  bituminous  macadam  road  by  the  foregoing  methods,  as 
shown  by  some  of  the  roads  constructed;  but,  to  secure  these  results, 
it  is  essential  to  have  experienced  men,  a  satisfactory  distributor,  and 
a  reliable  contractor.  A  hard  binder,  heated  to  350°  Fahr.,  and  applied 
by  hand,  should  not  fail  to  give  good  results. 

Although  the  results  obtained  after  changing  the  method  of  con- 
struction, as  related  above,  were  pleasing,  it  should  not  be  understood 
that,  in  the  opinion  of  the  State  Road  Department  of  New  Jersey, 
or  the  various  county  engineers,  this  is  the  most  desirable  method  for 
future  construction  work.  It  is  the  writer's  opinion  that  a  bituminous 
binder  of  some  kind  should  be  used,  and  that  a  change  to  the  old  water- 
bonded  macadam,  even  if  it  provided  for  the  application  of  a  light  dust- 
laying  oil  to  the  surface,  would  be  a  step  backward. 

The  State  Road  Department,  however,  was  in  a  peculiar  position, 
which,  in  justice  to  it,  should  be  mentioned.  It  is  understood  that, 
in  an  opinion  given  by  the  Attorney-General  of  the  State  to  the  Road 
Department  at  the  time  a  change  of  method  of  construction  was  being 
considered,  it  was  held  that  the  Department  would  be  justified  in 
modifying  the  specifications  where  the  sole  object  was  to  improve  the 
results  after  construction,  provided  such  change  did  not  involve  an 
addition  to  the  original  cost;  but  that  a  change  at  an  extra  cost  would 
not  be  legally  justifiable  without  canceling  existing  contracts  and  re- 
advertising  for  bids.  Under  these  circumstances,  there  was  no  other 
course  to  follow  than  the  one  adopted. 

The  average  cost  of  resurfacing  work  under  the  original  specifica- 
tions was  58  cents  per  sq.  yd.,  which  cost  included  the  necessary  work 
to   be  done  on  shoulders.     Deducting  the   average  rebate   of   6   cents 
per  sq.  yd.  leaves  a  net  cost  of  52  cents  per  sq.  yd.  for  work  of  this  class. 
Mr.  John  R.  Rablin,  M.  Am.  Soc.  C.  E;  (by  letter). — In  the  consid- 

Rablin.  g^^^^Qj^  pf  i\^q  subject  of  macadam  and  gravel  road  construction  and 
maintenance,  greater  importance  is  generally  given  to  the  problems 
of  construction  than  to  those  of  maintenance.  Although  the  methods 
used  and  the  results  obtained  in  the  construction  of  the  road  surfaces 
have,  without  doubt,  great  bearing  on  their  future  maintenance,  never- 
theless, the  efforts  and  expense  which  are  put  into  the  proper  construc- 
tion are  of  little  value  from  the  standpoint  of  the  durability  of  the 
surface,  if  the  maintenance  work  is  neglected. 
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The  problems  of  maintoiianec  have  become  very  much  more  difficult  Mr. 
during  the  past  five  years,  and  especially  that  of  the  preservation  of 
the  road  surfaces  constructed  without  bituminous  binders  to  serve  the 
conditions  of  traffic  of  eight  or  ten  years  ago.  It  has  been  demon- 
strated, however,  that  it  is  not  absolutely  necessary  that  the  surfacing 
shall  be  constructed  with  bituminous  binders  in  order  to  withstand  the 
traffic  conditions  of  to-day,  as  many  miles  of  roadway  surfaced  with 
ordinary  macadam  and  gravel,  by  early  and  constant  attention  to 
maintenance,  have  been  kept  in  good  condition  for  the  last  five  or 
six  years  by  using  surface  treatments  with  bituminous  materials,  and 
without  any  extensive  work  of  resurfacing. 

In  surface  treatment  there  is  no  doubt  that  some  advantage  and 
benefit  is  obtained  if  the  roadway  surface  is  constructed  with  a  bitumi- 
nous binder,  and  such  a  surface  can  probably  be  maintained  more 
economically,  as  more  wear  can  be  allowed  without  danger  of  disin- 
tegration, making  the  re-treatments  less  frequent  and  requiring  less 
material.  The  results  obtained  on  work  of  surface  treatment  with 
tars  and  oils  which  has  been  under  the  direction  of  the  writer,  have 
been  generally  very  satisfactory,  on  ordinary  macadam  and  gravel  sur- 
faces, and  on  those  constructed  with  bituminous  binders. 

The  work  referred  to  was  begun  in  August,  1906,  when  about  67  500 
sq.  yd.  of  macadam  roadway  surface  were  covered  with  Tarvia. 
Previous  to  this  work,  very  little  expense  had  been  necessary  on  these 
roads,  except  the  cost  of  watering,  as  they  had  been  built  only  from 
four  to  five  years.  The  cost  of  watering  alone  averaged  about  3i  cents 
per  sq.  yd.  of  surface  per  year.  The  cost  of  this  first  work  of  surface 
treatment  with  Tarvia  averaged  6i  cents  per  sq.  yd.,  including  labor 
and  materials.     The  details  of  this  cost  are  as  follows: 

Tarvia    $0.0262  per  sq.  yd. 

Stone  screenings   0.0184    "     "      " 

Labor    0.0220     "     "      " 

The  labor  item  includes  preparing  the  roadway  surface  and  ai)i)ly- 
ing  the  tar  and  screenings. 

When  it  is  taken  into  consideration  that  this  work  acted  as  a  sub- 
stitute for  re-surfacing,  which  would  otherwise  have  been  necessary, 
and  also  eliminated  the  sprinkling  with  water,  it  is  evident  that  it  was 
an  economical  method  of  road  preservation,  provided  it  would  be 
effective  for  at  least  one  year.  That  this  has  proven  to  be  a  fact  will 
be  shown  by  the  costs  of  maintenance  of  this  and  other  sections 
from  the -time  of  the  first  treatment  to  the  present.  For  the  following 
year,  1907,  the  total  cost  of  repairs  and  re-treatments  of  the  Tarvia 
section  averaged  3 J  cents  per  sq.  yd.  for  the  67  500  sq.  yd.  During 
this  year  about  150  000  sq.  yd.  additional  macadam  road  surface  were 


Rablin. 


366      DISCUSSION  :   road   construction   and  maintenance      [Papers. 

Mr.  treated  in  the  same  manner  at  a  cost  of  from  5f  to  9  cents  per  sq.  yd., 
or  at  an  average  cost  of  6i  cents,  including  labor  and  materials. 

Besides  this  additional  Tarvia  work,  experiments  were  made  with 
other  materials  during  1907.  About  225  000  sq.  yd.  of  roadway — one- 
quarter  being  gravel-surfaced  and  three-quarters  macadam-surfaced — 
were  covered  with  a  mixture  of  crude  water-gas  tar  and  asphaltic  oil. 
These  materials  were  mixed  in  different  proportions  of  2,  3,  and  4  bbl. 
of  oil  to  6  bbl.  of  tar.  The  results  obtained  with  this  material  were 
more  in  the  nature  of  dust  suppression  than  surface  preservation,  as 
it  contained  but  little  actual  binding  properties.  Better  results  were 
obtained  with  it  on  the  gravel  surfaces  than  on  the  macadam.  The 
average  cost  was  4  cents  per  sq.  yd.,  including  materials  and  labor 
for  one  application. 

Asphaltoilene,  an  asphaltic  oil,  was  used  on  about  35  000  sq.  yd.  of 
roadway,  one-half  macadam-  and  one-half  gravel-surfaced.  This 
material  was  furnished  and  applied  for  6  cents  per  sq.  yd.,  the  only 
other  expense  being  the  sand  covering,  which  was  very  small.  The 
results  obtained  by  the  use  of  this  material  were  very  satisfactory 
and  economical,  as  in  the  case  of  the  gravel-surfaced  road  it  was 
effective  for  two  years,  with  practically  no  expense  for  repairs  during 
that  period,  and  the  macadam  roadway  was  maintained  during  the 
second  year  by  patching  and  some  slight  re-treatments,  at  an  average 
cost  of  3  cents  per  sq.  yd. 

During  the  next  year,  1908,  about  one-half  of  the  total  area  pre- 
viously surfaced  with  refined  tar,  or  120  000  sq.  yd.,  was  retreated  with 
the  same  material,  at  an  average  cost  of  4|  cents  per  sq.  yd.,  and  the 
remainder  kept  in  good  condition  without  repairs.  About  60  000  sq.  yd. 
additional,  of  this  same  class  of  work,  were  done,  except  that  a  differ- 
ent brand  of  refined  tar  was  used.  The  average  cost  of  this  additional 
work  was  5  cents  per  sq.  yd.  About  one-quarter  of  the  area  surface- 
treated  during  the  previous  year  with  asphaltic  oil  was  given  a  light  re- 
treatment  at  a  cost  of  about  3  cents  per  sq.  yd.,  and  75  000  sq.  yd. 
additional  were  laid,  at  a  cost  of  7  cents  per  sq.  yd.  Of  the  area  pre- 
viously treated  with  water-gas  tar  and  asphaltic  oil,  53  000  sq.  yd.  were 
re-treated  with  the  same  material,  and  46  000  sq.  yd.  additional  were 
laid.     The  cost  of  both  averaged  3J  cents  per  sq.  yd. 

A  new  combination  of  materials,  which  has  been  used  to  a  consid- 
erable extent  since,  was  tried  in  this  year  on  about  30  000  sq.  yd.  of 
macadam  surface.  It  consisted  of  90%  refined  tar  and  10%  residual 
asphalt.  The  cost  of  this  work  averaged  5i  cents  per  sq.  yd.  The 
results  obtained  with  this  material  appeared  to  be  superior  in  some 
respects  to  those  with  the  tar  alone. 

During  1909  and  1910,  the  tar  surfaces  have  been  maintained  in 
good  condition  generally  by  re-treatments  with  the  tar  and  asphalt 
mixture,  at  the  rate  of  about  once  in  two  years,  at  an  average  cost 
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of  G  cents  per  sq.  yd.  for  o:icli  ro-troatinont,  aufl  tlie  asphaltic  oil  sur-  Mr. 
faces  have  required  about  the  same  attention  and  at  the  same  average  *  '°' 
cost.  Where  traffic  conditions  are  extremely  severe,  more  frequent 
repairs  are  required,  and  the  average  cost  will  vary  up  to  6  cents  per 
s(i.  yd.  per  year.  Where  the  macadam  surfacing  is  constructed  vpith  a 
bituminous  binder,  the  surface,  or  painting  coat,  is  also  required  from 
time  to  time,  but,  as  stated  previously,  not  as  frequently. 

It  appears  from  these  tests  of  the  past  five  years  that  surface  treat- 
ment of  macadam  and  gravel  road  surfaces  with  refined  tars  and 
asphaltic  oils  has  been,  up  to  the  present  time,  an  effective  and  econom- 
ical method  for  the  preservation  of  road  surfaces  subjected  principally 
to  an  automobile  traffic,  which  was  the  class  of  traffic  under  which 
these  tests  have  been  made. 

R.  K.  Compton,  Esq.* — The  following  is  a  description  of  the  method  ^  ^It; 
used  in  Baltimore  of  applying  a  surface  treatment  of  oil,  and  its  cost. 

Where  the  original  road-bed  was  in  good  condition  for  any  material 
distance,  and  required  no  new  stone  for  resurfacing,  the  surface  treat- 
ment was  tried.  The  old  road-bed  was  thoroughly  cleaned  with  wire 
brooms,  and  all  dust,  dirt,  and  foreign  material  were  removed.  A 
coating  of  Fairfield  Anti-Dust,  a  local  material,  heated  to  a  tempera- 
ture of  190°  Fahr.,  was  then  applied,  to  the  extent  of  A  gal.  per  sq.  yd. 
of  surface,  and  was  thoroughly  broomed  in.  About  two  hours  was 
allowed  for  the  bitumen  to  set  and  penetrate,  after  which  the  surface 
was  covered  with  a  layer  of  granolithic  from  §  to  i  in.  in  size,  and 
then  thoroughly  rolled  with  a  12-ton   roller. 

The  cost  of  flushing  3  024  sq.  yd.  of  surface  was  13.29  c»nits 
per  sq.  yd.,  itemized  as  follows : 

Labor   5.00  cents. 

Stone   3.00  '• 

Rolling 1.50  " 

Binder    3.15  " 

Coal    0.35  " 

Hauling  binder   0.15  " 

Incidentals,  including  supplies  and  repairs  to 

plant 0.14  " 

Total 13.29  cents. 

The  surface  treatment  was  only  used  where  the  original  section 
was  in  fairly  good  condition,  in  order  to  prevent  raveling,  and  at 
the  same  time  to  allay  the  dust  nuisance.  A  recent  inspection  of  the 
road,  after  it  had  been  subjected  to  a  heavy  fall  of  snow,  a  sudden 
thaw,  and  freeze,  in  succession,  showed  that  the  surface  treatment  has 

♦Assistant  City  Engineer,  Baltimore,  Md. 
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Mr.  served  the  purposes  for  which  it  was  intended.  Where  the  machines 
omp  on.  j^^^  worn  a  rut  through  the  snow  and  ice  to  the  surface,  the  road 
showed  some  signs  of  raveling,  but  this  defect  can  be  corrected  at 
small  expense  in  the  spring.  Every  machine  and  vehicle  followed  this 
same  rut  for  weeks,  so  that  there  must  have  been  an  enormous  wear 
on  the  surface  for  a  width  of  only  about  6  in. 

Mr.  William  H.  Connell,  EsQ.t — A  surface  treatment  of  oil  and  sand 

was  used   in   connection  with  experiments   on  White  Plains   Avenue, 
Borough  of  the  Bronx.     The  description  and  detailed  cost  follow: 

White  Plains  Avenue  Experimental  Pavements. 

Section  Eighteen  :  39  +  22  to  41  +  20. 

Standard  Oil  Company's  Sand-Surface  Method. 

Application  of  Oil  and  Sand. — This  part  of  the  road  was  an  old 
strip  of  water-bound  macadam.  It  was  swept,  and  then  Standard  Oil 
Company's  Binder  A  was  applied,  the  quantity  being  |  gal.  per  sq.  yd. 
Over  this  was  spread  a  thickness  of  about  1  in.  of  sand,  which  was 
lightly  rolled. 

Cost  per   Square  Yard. 

Sand  course $0,178 

Hauling  binder 0.003 

Tar  heater 0.001 

Fuel 0.021 

Total $0,202 

Sand  Course. 

Per  square  yard. 

Labor $40.45  $0,086 

Sand,  10  eu.  yd.,  at  $1.21 12.10  0.036 

Binder,  384  gal.,  at  $0.08 30.72  0.066  =  0.82  gal.  per  sq.  yd. 

467  sq.  yd.,  at  $0.178 $83.27  $0,178 

Field   Labor. 


Foreman 

Cleaning  macadam 

Pouring  and  carrying  binder 

Heating  binder 

Spreading  sand 

Tamping 

Rollerman 


No. 


Hours. 


Kate. 


$4.00 
2.2,5 
3.25 
2.25 
2.25 
2.25 
4.50 


Totals. 


$7.00 
6.75 

11.25 
5.62 
5.90 
0.56 
3.37 


467  sq.  yd.,  at  $0,086. 


$40.45 


*  Assistant  Commissioner  of  Public  Works,  Borough  of  the  Bronx,  New  York  City. 


rapprs.]      DISCUSSION  :   ROAD   CONSTRUCTION   AND  MAINTENANCE      369 


The  actual  time  of  laying  the  sand  course  was  2J  days  (gang  time),       Mr. 
or  an  average  of  187  sq.  yd.  per  day.  including  cleaning  and  brooming  •-'onoe"- 
old  macadam. 

Tempehature,  Weather,  Etc, 


Date.  1010. 

Temperature. 

Weather. 

Pavement. 

9  a.  m. 

12  NOON. 

3  p.  M. 

Standard  Oil-Sand... 

October  18th.    Begun. 
October  19th 

59° 
59° 
55° 

65° 
66° 
57° 

66° 
68° 
59° 

Clear. 
Clear. 

October 21st.  Finished 

Cloudy. 

THE  USE  OF  BITUMINOUS  ^[ATERIALS  BY  PENETKATION 

METHODS. 

W.  W.  Crosby,  M.  Am.  Soc.  C.  E.— Up  to  the  present  time,  local  ^^Mn 
conditions  have  seemed  to  require  the  use  of  the  penetration  method 
in   the   treatment   of   the   State   roads   of   Maryland   with   bituminous 
materials.     The  speaker  will   report  only  on  the  work  directly  under 
the  supervision  of  the  State  authorities. 

In  1909  Park  Heights  Avenue  was  treated  with  15  different  bitumi- 
nous materials  in  29  sections.  The  details  of  the  treatments  were 
reported  to  the  Second  International  Eoad  Congress,  and  this  report  has 
been  reprinted  in  some  American  publications,  so  that  repetition  will 
be  avoided  here.  Heretofore,  circumstances  have  prevented  giving 
the  costs  of  the  1909  work,  therefore  tables  of  cost  data  are  submitted 
herewith. 

The  method  generally  used  was  to  put  down  the  macadam  in  the 
ordinary  way  up  to  the  point  of  beginning  the  binding,  as  usually 
practiced,  with  water  and  stone  chips  or  screenings.  Slight  variations 
from  this  method  have  been  made.  Eor  example:  In  a  few  instances 
the  courses  of  the  macadam  have  been  reversed  and  the  "Number  ones" 
placed  on  top,  and  the  "Number  twos,"  as  ordinarily  called,  placed  in 
the  bottom.  In  some  cases,  before  the  pitch  was  applied  to  the  stone 
(which  had  been  thoroughly  rolled),  a  layer  of  sand,  to  fill  partly  the 
voids  between  the  stones,  was  put  on  and  rolled  in.  In  other  cases  the 
pitch  was  applied  to  the  clean  rolled  second  course. 

The  quantity  of  pitch  used  has  varied  from  |  gal.  to  as  much 
(in  one  particular  instance)  as  5  gal.  per  sq.  yd.  The  use  of  5  gal. 
was  an  accident,  which  has  brought  about  a  very  curious  result  which 
is  now  being  watched.  It  is  too  early  to  report  at  the  present  time,  how- 
ever, on  the  success  or  non-success  of  this  particular  road. 
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Mr.  TJie  maintenance  cost  data  shown  in  Tables  1  and  2  include  taking 

^'  care  of  the  bleeding    by  putting  on  chips,  taking  care  of  the  slipperi- 

ness,   ■which  was  objectionable   on   some   sections,   and   in   one   case  it 

covers  the  removal  of  a  very  disagreeable  mud  which  developed  on  the 

surface  in  the  early  spring  following  its  construction. 

TABLE  1. — Maintenance  Cost  Data  on  Eighteen   Sections  of 
Maryland  Roads. 


3 

4 

5 

6 

7 

H 

9 
19 
20 
21 
33 
23 
24 
25 
26  and  > 
27     f 


11  236  Texaco... 

1  936  Gulf 

1  243 1  Texas.... 
1  1731  Fairfield. 
1  713  U.  G.  I. 


1  908 
1  909 
1  SIC, 
1  264 
128 

1  294 
694 
977 
84.^. 

2  316 
1  533 

5  207 


Warren 

Tarvia 

Tarite 

U.G.I 

S.  O 

U.  G.  I 

Texas 

Gulf 

Warren 

U.  G.  I 

Fairfield. . . 
( Local  and 
(     U.G.I. 


0!,n    . 

^^ 

O  H 

cost  per 
re  yard 
eatment, 
1/1/11. 

;-      <o     1 

1) 
2  a 

St  per 
e  yard 
rfaciu 
jadam 

m 

oca 

St  per 
e  yard 
tenanc 
1/1/11. 

cost  p 
re  yar 
1  surfa 
1/1/11. 

-m 

§MO 

o  lh  a 

atal 
qua 
roa 
to 

O.S 

^« 

H"-S 

H-^ 

7  and  8/09 

$0,337 

$0,290 

$0,040 

$0,330 

$0,666 

8  and  9/09 

0.339 

0.433 

0.130 

0.561 

0.900 

9/09 

0.336 

0.759 

0.160 

0.920 

1.256 

9/09 

0.337 

0.449 

0.161 

0.610 

0.947 

9/09 

0.339 

0.341 

0.136 

0.477 

0.816 

9  and  10/09 

0.333 

0.610 

0.140 

0.750 

1.083 

10/09 

0.337 

0.618 

0.107 

0.725 

1.062 

10/09 

0.336 

0.541 

0.060 

0.601 

0.937 

11/09 

0.340 

0.451 

0.092 

0.543 

0.883 

11/09 

0.241 

0.163 

0.085 

0.247 

0.488 

10/09 

0.230 

0.408 

0.158 

0.566 

0.795 

10/09 

0.238 

0.553 

0.184 

0.736 

0.964 

10/09 

0.229 

0.411 

0.272 

0.682 

0.911 

10/09 

0.224 

0.691 

0.031 

0.723 

0.946 

9/09 

0.239 

0.356 

0.012 

0.298 

0.528 

9/09 

0.228 

0.355 

0.015 

0.370 

0.598 

i     8/09 

0.216 

0.202 

0.016 

0.278 

0.494 

Remarks. 


Mat.  gratis. 


TABLE  2. — Maintenance  Cost  Data  on  Eight  Sections  of 
Maryland  Roads. 


0) 

o 
J5 

a 

o 

a  !- 

zn 

^ 

10 

3  532 

11 

5  9»1 

11-A 

1  261 

12 

4  685 

18 

4  203 

14 

3  1S4 

15 

5  808 

16 

1  100 

Material  used. 


U.  G.  r 

Texas  

Mixed  Tar 

Headley 

15.  A.  P 

Fairfield 

Ii'airficld  Anti-Dust. 
U.  G.  I.  Anti-Dust.. 


Time  wlien  used. 


May  and  June,  1910 

June,  1910 

June,  1910 

June  and  July,  1910 

July  and  August,  1910 

August  and  September,  1910 

October,  1910 

October  and  September,  1910 


,£  a 


$0,381 
0.374 
0.355 
0.384 
0.373 
0.387 
0.385 
0.407 


a  .. 

S  ft 
ftbtS 


ui  — 

o  o 


a. 


$0,292 
0.251 
0.272 
0.174 
0.400 
0.269 
0.069 
0.279 


o  u 
ft'S 


<u 


cs  S  te 


SO. 673 
0.625 
0.627 
0.558 
0.773 
0.656 
0.454 
0.686 
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(Yverage  per  day 
of  12  hours. 


The  traffic  on  this  road  has  been  counted  as  follows 
Section  No.  1,  City  End. 

One-horse    vehicles 245 

Two-horse    vehicles 104 

Three-horse  vehicles 10 

Four-horse  vehicles 14 

Five-horse   vehicles 

•Six-  (or  more)  horse  vehicles. .       1 

Motor  cycles 8  r 

Victor   runabouts 26 

Motor    touring    cars    (4    or    5 

seats)    141 

^fotor    touring    cars    (6    or    7 

seats)    66 

Motor    wagons 4 

At   times,   these  figures   are   greatly   exceeded,   such   as   in   periods 
when  there  is  racing  at  the  course,  the  entrance  of  which  is  at  the  end 

of  Section  3. 

Sections  Nos.  1  to  3,  inclusive. 

One-horse    vehicles 195  ^ 

Two-horse    vehicles 101 

Three-horse  vehicles 3 

Four-horse  vehicles 19 

Six-  (or  more)  horse  vehicles. .       1 

Motor  cycles 5 

Motor  runabouts 15 

Motor    touring    cars    (4    or    5 

seats)    141 

^[otor    touring    cars    (6    or    7 

seats)    55 

^fotor  wagons 7  J 

Sections   Xos.   14  and  15 

One-horse    vehicles 52  ^ 

Two-horse    vehicles 23 

Three-horse  vehicles 3 

Four-horse    vehicles 4 

Six-horse   vehicles 1 

Motor  cycles 7 

Afotor  runabouts 11 

Motor    touring    cars    (4    or    5 

seats)    94 

Motor    touring    cars    (6    or    7 

seats)    39 

Motor    wagons 3  J 


Mr. 
Crosby. 


Y 


iVverage  per  day 
of  12  hours. 


y 


Average  per  day 
of  12  hours. 
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Mr.  Sections  Nos.  16  and  17. 

Crosby. 

One-horse    vehicles 31  ~) 

Two-horse   vehicles 19 

Three-horse  vehicles 3 

Four-horse  vehicles 1 

Six-horse   vehicles 1 

Motor  cycles 3 


Motor   runabouts 6 


Average  per  day 
of  12  hours. 


Motor    touring    cars    (4    or    5 

seats)    69 

Motor    touring    cars    (6    or    7 

seats)    40 

Motor  wagons 4  J 

Some  other  penetration  work  has  been  done,  and  some,  such  as 
on  road  surfaces  of  gravel  and  of  oyster  shells,  is  especially  interesting. 
The  speaker  regrets  his  inability  to  report  on  this  work  at  the  present 
time. 

Mr.  Charles  W.  Eoss,  Esq.*  (by  letter). — In  addition  to  a  large  amount 

^^^'^^  of  work  by  surface  treatment,  the  penetration  method  has  been  used 
in  Newton  to  some  extent. 

Several  roadways  were  treated  with  preparations  of  90%  Heavy 
Standard  Oil  and  with  Tarite- Asphalt  by  the  penetration  method.  The 
materials  were  heated  sufficiently  to  make  them  flow  freely  through  the 
sprinkler  of  the  oil  distributor.  The  macadam  surface  of  the  roadway 
was  first  spiked  up  and  then  covered  with  a  2-in.  layer  of  screened 
stone.  This  stone  came  from  an  ordinary  gravel  pit,  and  varied  in  size 
from  4  to  2  in.,  the  smaller  stones  filling  in  between  the  larger  ones. 
The  surface  was  rolled  smooth  and  hard,  after  which  the  oil  was  applied 
hot.  Used  at  the  rate  of  about  1  gal.  per  sq.  yd.,  the  oil  readily  pene- 
trated the  entire  mass.  A  coating  of  gravel  which  had  passed  through 
a  i-in.  screen  was  then  applied  and  thoroughly  rolled  with  a  steam 
roller.  The  road  was  opened  to  traffic  within  12  hours  after  comple- 
tion. The  cost  of  work  of  this  class  varied  from  21  to  23  cents  per 
sq.  yd.,  including  all  labor  and  materials. 

Early  in  the  spring  of  1908  one  of  the  principal  streets  was  so 
badly  out  of  shape  that  it  required  a  new  surface  of  about  3  in.  of 
stone.  It  was  decided  to  bind  the  new  material  with  Tarvia  A  by  the 
penetration  process,  and  an  area  of  6  290  sq.  yd.  was  surfaced  at  a 
cost  of  46  cents  per  sq.  yd.  At  about  this  time  another  street,  having 
an  area  of  9  821  sq.  yd.,  was  treated  in  like  manner  with  Tarvia  A, 
except  that  a  much  thinner  coating  of  stone  was  applied.  The  cost 
of  this  latter  construction  was  28i  cents  per  sq.  yd. 

*  Street  Commissioner,  West  Newton,  Mass. 
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K.  K.  CoMPTON,  Esq.* — The  following  discussion  will  describe  the  Mr. 
methods  of  constructing  bituminous  macadam  roads  by  the  penetration  "'"'^  "° 
method  in  Baltimore,  Md.  This  experience  extends  over  a  period  of 
2A  years,  but  the  following  description  pertains  particularly  to  a 
stretch  of  road  1.55  miles  in  length,  from  18  to  32  ft.  in  width,  and 
having  a  total  area  of  17  788  sq.  yd.  The  original  roadbed  was  of 
.■rdinary  macadam  6  in.  thick.  It  had  been  in  use  about  4  years,  and 
was  badly  worn  in  places.  The  entire  stretch  of  road  is  subjected 
to  heavy  automobile  traffic,  and  the  portion  west  of  the  Stoney  Run 
Bridge,  particularly  the  north  drive,  is  subjected  to  heavy  team  traffic 
from  an  adjacent  sand  and  gravel  plant.  The  team  traffic,  though 
-low  moving,  is  poorly  distributed,  owing  to  the  usual  bad  judgment 
■  xercised  by  drivers. 

Where  the  original  roadbed  was  in  such  condition  as  to  require 
re-surfacing  with  new  stone,  the  following  method  was  used:  The 
surface  was  first  swept  clean  with  the  ordinary  street-sweeping  machine, 
then  "spiked"  with  the  roller,  picked  and  raked  by  hand,  and  all  dirt 
and  foreign  material  removed.  It  was  then  rolled  to  a  firm  bed, 
and  sufficient  new  stone  was  added  to  bring  the  surface  to  the  proper 
cross-section.  In  no  case  was  the  thickness  of  new  stone  less  than 
3  in,  after  rolling,  nor  more  than  6  in.,  so  that  the  average  thickness 
was  about  4^  in.  Where  sufficient  depth  Avas  available,  a  layer  of 
-rone  in  sizes  from  2  to  1  in.,  known  as  No.  2,  was  first  spread  and 
!ien  covered  with  stone  dust  in  sufficient  quantities  to  fill  all  inter- 
- 1  ices.  Great  care  was  used  in  this  operation,  as  it  was  realized  that 
if  the  bitumen  penetrated  the  No.  2  course  a  slack  roadbed  would 
result.  In  order  to  secure  the  filling  of  all  interstices,  the  dust  was 
swept  in,  and  water  was  used  where  necessary.  Where  water  was  used, 
however,  this  course  was  allowed  to  dry  before  placing  the  next,  or 
Xo.  3  course. 

After  the  No.  2  layer  was  completed  a  3-in.  layer  of  No.  3  stone, 
ranging  in  size  from  1  to  ^  in,  was  laid.  Where  only  the  minimum 
depth  of  3  in.  was  available,  this  size  was  used  alone.  The  method  of 
rolling  was  the  same  for  all  courses  as  with  ordinary  macadam,  except 
that  the  last  or  No.  3  course  was  rolled  firmly  but  not  tightly,  the 
idea  being  to  allow  the  bitumen  to  penetrate  not  less  than  2^  in. 

After  the  macadam  had  been  rolled,  the  binder  was  applied  at 
the  rate  of  not  less  than  li  nor  more  than  2  gal.  per  sq.  yd.  of  sur- 
face. Two  materials  were  used;  namely,  "Fairfield  Anti-Dust,"  a 
local  material,  which  was  applied  at  a  temperature  of  not  less  than 
190°  Fahr.,  and  "Standard  Asphalt  Binder"  "B,"  which  was  applied 
at  a  temperature  between  300°  and  400°  Fahr,     An  ordinary  asphalt 

*  Assistant  City  Engineer,  Baltimore,  Md. 
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Mr.  thermometer  was  used,  and  the  binder  was  at  all  times  applied  at 
the   temperature   recommended    by   the  manufacttirer. 

In  heating  the  binder  two  kettles  were  used,  one  having  a  capacity 
of  200  gal.,  and  the  other  a  capacity  of  400  gal.  Both  kettles  were 
mounted  on  wheels,  and  were  easily  moved.  The  smaller  kettle  worked 
more  satisfactorily  with  the  "Fairfield  Anti-Dust,"  which  material 
runs  freely  from  the  barrel  and  is  easily  heated,  while  the  larger 
kettle  worked  more  satisfactorily  with  the  "Standard,"  which  does 
not  run  freely  from  the  barrel  and  requires  more  heat,  thereby  requir- 
ing more  storage  capacity,  if  the  work  is  to  be  handled  economically. 
A  li-in.  hose,  with  a  spreader  on  the  extreme  end,  was  attached  to 
the  rear  of  the  kettle,  the  length  of  the  hose  being  from  10  to  15  ft., 
depending  on  the  width  of  the  road.  The  binder  was  applied  with  this 
hose,  and  the  flow  was  regulated  by  a  valve  on  the  rear  of  the  kettle. 
A  rubber  hose  was  first  tried,  but  it  was  found  that  it  burned  out  too 
frequently  under  the  extreme  heat  of  the  bitumen.  It  was  then 
found  that  the  ordinary  linen  hose,  worth  about  15  cents  per  ft., 
answered  the  purpose,  and  was,  of  course,  much  more  economical.  A 
more  uniform  distribution  of  the  bitumen  was  obtained  by  using  the 
hose  than  by  hand-pouring.  The  former  method  is  also  more  economical 
than  hand-pouring,  as  the  labor  of  heating  and  spreading  bitumen, 
spreading  Granolithic,  and  rolling  it  was  4  cents  per  sq.  yd.,  as  com- 
pared with  8  cents  for  the  same  items  by  hand-pouring.  In  all  cases 
the  bitumen  was  spread  by  beginning  at  the  lower  elevation  of  the 
roadbed  and  working  up  grade. 

After  the  bitvimen  had  been  applied  the  entire  surface  was  covered 
with  Granolithic  stone  ranging  in  size  from  §  to  i  in.,  and  free 
from  dust.  The  roadbed  was  then  thoroughly  rolled.  If  the  bitumen 
appeared  on  the  surface,  more  Granolithic  was  added,  and  the  rolling 
was  continued  until  the  material  ceased  to  creep  and  became  a  solid 
mass,  showing  an  even,  hard,  dense,  and  granular  surface.  The  roll- 
ing was  generally  begun  at  the  gutter  lines,  and  carried  toward  the 
crown,  the  shoulders  first  being  rolled  to  prevent  spreading.  For 
several  weeks  after  the  road  was  open  to  trafiic  it  was  noticed  that 
the  bitumen  appeared  on  the  surface  in  places.  Granolithic  was  placed 
in  convenient  piles  at  the  sides  of  the  road,  and  was  spread  on  these 
places  when  required.  In  some  cases  it  was  found  necessary  or 
advantageous  to  do  more  rolling. 

Two  rollers  were  used  on  the  work,  one  weighing  12  and  the  other 
6  tons.  The  12-ton  roller  was  used  for  "spiking,"  for  rolling  the 
No.  2  course,  and  at  times  for  rolling  the  No.  3  course. 

It  was  fovmd,  however,  that  the  6-ton  roller  worked  very  satis- 
factorily for  the  No.  3  course,  and  also  for  the  final  rolling  on  the 
Granolithic. 
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The  cost  of  constructing  14  764  sq.  yd.  of  roadway  by  this  method      Mr. 

^       _  ,.,.,.,,  Conipton. 

was  (2.95  cents  per  sq.  yd.,  itemized  as  lollows: 

Labor    24.82  cents. 

Stone    27.40  " 

Rolling   4.84  " 

Binder    13.74  " 

Coal     0.95  '' 

Hauling    bin. l.T 0.41  " 

Incidentals,   including-  supplies  and   repairs 

to   plant 0.79  " 

Total    72.95  cents. 

The  cost  of  rolling  represents  the  hire  of  the  6-ton  roller,  at  $10 
per  day,  and  the  use  of  the  Department's  12-ton  roller,  at  $5  per  day, 
which  covers  the  salary  of  the  engineer  and  watchman.  The  quantity 
of  bituminous  binder  used  was  1.9  gal.  per  sq.  yd.,  which  included  a  seal- 
ing coat  on  about  25%  of  the  bituminous  work.  The  bituminous 
binder  flushed  up  very  evenly  on  the  greater  part  of  the  surface,  so 
that  the  sealing  coat  was  used  only  where  it  was  deemed  necessary. 

The  following  rates  of  wages  prevailed,  per  day  of  8  hours: 

Foreman    $3.50 

Roller  engineer   3.00 

Labor    2.00 

Carts    2.50 

Double  team 3.60 

Watchman  2.00 

The  following  prices  were  paid  for  materials : 

Crushed  stone.  No.  2 $1.90  per  cu.  yd. 

Crushed  stone.   No.   3 2.15  "  "      " 

Crushed  stone,  dust 1.75  "  "      " 

Crushed  stone,  Granolithic.  .  2.15  "  "      " 

Binder   "Fairfield" 18.40  "  ton  of  2  000  lb. 

Binder    "Standard'' 18.00  "  "      "    2  000" 

C.al    4.25  "  " 

Hauling    binder 0.75  "  " 

"Gabbro"  crushed  stone  was  used  throughout  the  entire  work. 

Except  in  a  few  places,  the  surface  is  in  excellent  shape  at  this 
time.  The  exceptions  are  in  that  portion  of  the  work  which  was  done 
during  the  latter  part  of  September  and  the  first  part  of  October, 
when  the  nights  and  parts  of  the  day  were  cool,  thus  preventing  the 
bitumen  from  flushing  to  the  surface  in  a  satisfactory  manner.  This 
defect,  it  is  believed,  will  correct  itself  in  the  spring  when  the  warm 
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Mr.  weather  comes.  The  portion  done  during  warmer  weather  has  flushed 
omp  on.  ^p  ^^  ^  ^,gj,y.  satigfac^^Qry  manner,  and  at  present  presents  a  bitulithic 
appearance.  There  are  also  at  this  time  four  or  five  weak  places, 
each  about  2  sq.  ft.  in  area,  due  without  doubt  to  the  bitumen  being 
too  hot,  which  condition  will  occur  at  times  at  the  bottom  of  the 
kettles. 

Mr.  William   H.    Connell,   Esq.* — As    a   part   of   the   experiments   on 

■  White  Plains  Avenue,  Borough  of  the  Bronx,  several  sections  were 
built  by  the  penetration  method,  using  both  asphaltic  and  tar  binders. 
The  description  and  detailed  costs  of  the  sections  follow: 

White  Plains  Avenue  Experimental  Pavements. 

Section  Twelve  :  29  +  00  to  31  +  00. 

Bituminous   Pavement,    Penetration    Method. 

Foundation  Course. — This  consists  of  l^-in.  crushed  trap  rock  and 
sufficient  screenings  to  fill  the  voids.  It  was  spread  and  rolled  to  a 
finished  depth  of  3i  in. 

Surface  Course  or  Paving  Mixture. — Crushed  trap  rock  (1^-in.) 
was  spread  and  lightly  rolled  to  a  depth  of  2|  in.  From  29  +  00  to 
30  +  50  about  IJ  gal.  of  Sanford  and  Strains  Asphalt  Binder  was 
applied  and  a  layer  of  |-in.  stone  was  spread  and  rolled.  From 
30  +  50  to  31  +  00,  the  Standard  Oil  Company's  Special  Binder 
was  used. 

Seal  Coat. — The  quantity  applied  was  |  gal.  per  sq.  yd.,  over 
which  coarse  sand  and  chips  were  spread  and  rolled.  An  18-ton 
roller  was  used. 

Cost   per   Square   Yard. 

Base  course $0,329 

Surface  coiu-se 0.501 

Seal  coat 0.123 

Hauling  binder 0.006 

Tar  and  stone  heaters 0.003 

Fuel 0.021 


$0,983 

Detailed   Cost   per   Square   Yard. 
Base    3^    in.    thick. 


Per 
65.7  cu.  yd.  trap  rock,  at  $1.65 $108.40 

square  yard. 

$0,229 

13.1    "      "    screenings,"      1.65 21.68 

0.046 

n.o.'i4 

Total $0,329 

Surface    Course. 

Per  square  yard. 

Labor $93.56                 $0,198 

li^-in.  stone,  45.9  cu.  yd.,  at  $1.65..           75.73                   0.161 
%-in.  stone,    3.5"      "      "     1.80...             6.30                   0.013 
Binder  719  gal    at  .$0.085 61.11                    0.129  —  1.52  e-al.  ner  sn.  vd. 

or-              1     .' 

472sq.  yd.,  at$0.501 $236.70                 $0,501 

*  Assistant  Commissioner  of  Public  Works,  Borough  of  the  Bronx,  New  York  City. 


Papers.]      DISCUSSION  :   HOAD  CONSTRUCTION   AND  MAINTENANCE     377 

Field  Labor. 


Foreman 

Pourinj;  binder 

Hefttins      "      

Carrying  binder 

Spreading  top  course  Ij-in.  stone. 

J-in.  stone 

Wheeling  stone 

Heating  stone 

Koilerman 


No. 


Hours. 


Rate. 


$4.00 
2.25 
2.2.5 
2.25 
2.25 
2.25 
2.25 
2.25 
4.50 


172  sq.  yd.,  at  $0,198. 


Totals. 


$14.00 
4.50 
10.68 
9.56 
25.87 
5.62 
5.90 
9.00 


$93.56 


Seal  Coat. 

Labor $21 .31 

Chips.  3.5  cu.  yd.,  at  $1.90 6.65 

Binder,  :i53  gal.         "     0.085 30.01 

472  sq.  yd.  at  $0.123 $57.97 

Labor. 


Per  square  yard. 
$0,015 
0.014 
0.064  =  0.75  i 


per  sq.  yd. 


).123 


No. 


Hours. 


Foreman 

Pouring  binder  . 
Carrying      " 
Heatmg       " 
Spreading  chips 
Wheeling        "■ 
Heating          " 
Rollernian 


Rate. 


$4.00 
2.25 
2.25 
2.25 
2.25 
2.25 
2.25 
4.50 


Totals. 


Mr. 
Connel). 


$2.50 
1.40 
3.37 
3.65 
1.96 
2.53 
3.09 
2.81 


$21.31 


The  actual  time  required  for  laying  the  surface  course  (including 
the  top  course)  was  3.J  days,  or  an  average  of  135  sq.  yd.  per  day. 
The  |-in.  stone  required  heating.  Work  was  postponed  three  times 
on  account  of  delayed  shipments  of  binder,  thereby  increasing  the  cost. 
The  actual  time  for  laying  the  seal  coat  was  5  hours,  or  an  average 
of  755  sq.  yd.  per  day.     The  chips  required  heating. 

Section  Eleven  :  27  +  97  to  29  +  00. 
Barrett    Manufacturing    Company's    "Modern    Pavement." 
Foundation    Course. — This    consists    of    IJ-in.    crushed    trap    rock, 
spread  and  rolled  to  a  finished  depth  of  3  in. 

Surface  Course  or  Paving  Mixture. — A  sufiicient  quantity  of  sand 
was  spread  to  fill  the  voids.  It  was  about  i  in.  in  thickness  on  top 
of  the  foundation  course,  over  which  about  1  gal.  of  Tarvia  X  per 
sq.  yd.  was  applied.     Then  li-in.  crushed  trap  rock  was  spread  and 
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Mr.      lightly  rolled  to  a  depth  of  3  in.     About  2  gal.  of  Tarvia  X  per  sq.  yd. 
■  was  then  applied  by  the  penetration  method.     A  layer  of  |-in.  stone 
was  spread  and  rolled.    An  18-ton  roller  was  used. 

8eal    Coat. — About    1    gal.    per    sq.    yd.    was    applied,    over    which 
coarse  sand  was  spread  and  rolled. 

Cost  per  Square  Yard. 

Base  course $0 .305 

Surface  course 0.698 

Seal  coat * 0.219 

Hauling  binder 0.010 

Tar  heater 0.003 

Fuel 0. 021 

f 1.256 

Detailed  Cost  per  Square  Yard. 
Base  3  in.  thick. 

Per  square  yard. 

33.8  cu.  yd.  trap  rock,  at  $1.65 f55.77  $0,229 

3.3   "      "    screenings,  at    1.65 5.57  0.022 

Labor 0 .  054 

$0,305 

Surface  Course. 

Per  square  yard. 

Labor $59.06  $0,243 

lii-in.stone,  19.6eu.yd.,  at  $1.65         32. .34  0.133 

Sand,  6.5    "      "     "     1.21  7.86  0.032 

Binder  1st  coat,  262  gal.,   "     0.095       24.89  0.102  =  1.08  gal.  per  sq.  yd 

Binder  2d  coat,  480  gal.,  "     0.095       45.60  0.188  =  1.97  gal.  per  sq.  yd. 

343  sq.  yd.,  at  $0.698 $169.75  $0,698 

Field  Labor. 


Foreman 

Pouring 

Heating  binder. 
Spreading  sand. 
Rollerman 


No. 


Hours. 


243  sq.  yd.,  at  $0,069. 


Kate. 


$4.00 
2.25 
2.25 
2.25 
4.50 


First  Coat. 


$3.00 
3.37 
3.65 
5.63 
1.12 


Foreman 

Pouring 

Heating  binder 

Spreading  13^-in.  stone  , 
Rollerman 


Second 
Coat. 


$8.00 
3.53 
4.50 
2.53 
4.50 
5.62 
8.43 
6.19 


243  sq.  yd.,  at  $0,174. 


$42.30 
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Seal    Coat. 


Labor 

»:4-in.  stone,  5.0  cu.  yiL,  at   81.80 

Stind.  2.0 1.21 

Sfreenings,    1.0 1.(55 

Binder,  240  gal.  "       0.095 

213  sq.  yd.,  at  SO. 210 


$53.19 

Labor. 


Per  square  yard. 

$0,071 
0.037 
O.OIO 
0.007 
0.094  =  0.99  gal.  per  sq.  yd. 

$0,219 


Mr. 
Connell. 


Foreman 

Heating  binder 

Pouring  binder 

Spreading  sand 

Spreading  *4-in.  stone. 
Spreading  screenings. 
Rollerman , 


No. 


Hours. 


1 

6 

1 

6 

2 

10 

2 

10 

2 

16 

3 

3 

1 

3 

Rate. 


$4.00 
2.25 
2.25 
2.25 
2.25 
2.25 
4.50 


Totals. 


$3.00 
1.68 
2.81 
2.81 
4.50 
0.84 
1.68 


$17.32 


The  actual  time  for  laying  the  surface  course  was :  1st  coat,  6  hours, 
or  an  average  of  324  sq.  yd.  per  day;  2d  coat,  8  hours,  or  an  average 
of  243  sq.  yd.  per  day. 

The  actual  time  for  laying  the  seal  coat  was  6  hours,  or  an 
average  of  324  sq.  yd.  per  day. 

Section  Fifteen  :  34  +  50  to  36  +  25. 
Bituminous  Pavement,  Penetration  Method. 

Foundation  Course. — This  consists  of  l^-in.  crushed  trap  rock  and 
screenings,  spread  and  rolled  to  a  finished  depth  of  di  in. 

Surface  Course  or  Paving  Mixture. — Crushed  trap  rock  (l^-in.)  was 
spread  and  lightly  rolled  to  a  depth  of  2|  in.  Tarvia — 2.3  gal.  per 
sq.  yd. — was  then  applied,  after  which  a  layer  of  chips  was  spread 
and  rolled. 

Seal  Coat. — About  |  gal.  of  Tarvia  per  sq.  yd.  was  applied,  over 
wliich  chips  were  spread  and  rolled  with  an  18-ton  roller. 

Cost  per  Square  Yard. 

Base  course $0.30.5 

Surface  course  and  seal  coat O.Zia 

Fuel 0.021 

Hauling  binder 0.008 

Tar  heater 0.002 

$1,071 

Detailed  Cost  per  Square  Yard. 
Base  3i  in.  thick. 

Per  square  yard. 

57.4  cu.  yd.  trap  rock,  at  $1.65 $94.71  $0,229 

5.7    "      ••    screenings,  "     1.65 9.47  0.022 

Labor 0054 

$0,305 


Mr. 
Connell. 
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Surface  Course  and  Seal  Coat  Combined. 

Per  square  yard. 

Labor $100.77  fO.244 

1^-in.  stone,  40.3  eu.  yd.,  at  $1.05.  66.33  0.161 

Chips,  80  cii.  yd.,  at  $1.65 13.20  0.032 

Binder,  1  296  gal.,  at  $0.095 123.12  0.S98  =  3.14  gal.  per  &q.  yd. 

413sq.  yd.,  at  $0.735 $303.42  $0,735 

Labor. 


Foreman 

Pouring  and  carrying  tar 

Heating  tar • 

Spreading  IJ^-in.  stone 

Spreading  chips 

Rollerman 


No. 


Hours. 


106 
11 
48 
60 
16 
16 


Rate. 


$4.00 
2.25 
2.25 
2.25 
2.25 
2.25 
4.50 


Totals. 


$24.00 
29.81 
3.08 
13.50 
16.88 
4.-50 
9.00 


$100.77 


The  costs  of  the  first  coat  of  binder  and  the  seal  coat  were  not 
separated.  About  0.75  gal.  of  binder  per  sq.  yd.  was  used  for  a 
flush  coat. 

The  actual  time  of  laying  was  5  days  (4  full  days  and  2  part 
days),  or  an  average  of  80  sq.  yd.  per  day.  The  length  of  time  was 
due  to  poor  supervision. 


Section  Sixteen  :  36  +  25  to  37  +  75. 
Bituminous  Pavement,  Penetration  Method. 

Foundation  Course. — This  consists  of  1^-in.  crushed  trap  rock  and 
screenings,  spread  and  rolled  to  a  finished  depth  of  3^  in. 

Surface  Course  or  Paving  Mixture. — Crushed  trap  rock  (1^-in.) 
was  spread  and  slightly  rolled  to  a  depth  of  3  in.,  then  1^  gal.  of 
Bermudez  Koad  Asphalt  per  sq.  yd.  were  applied,  after  which  a 
layer  of  chips  was  spread  and  rolled. 

Seal  Coat. — Bermudez  (i  gal.  per  sq.  yd.)  was  applied,  over  which 
chips  were  spread  and  rolled,  an  18-ton  roller  being  used. 

Cost  per  Square  Yard. 

Base  course $0,305 

Surface  course 0.519 

Seal  coat 0.123 

Hauling  binder 0.005 

Tar  heaters 0.003 

Fuel 0 .  021 

$0,975 
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Detailed  Cost  per  Square  Yard, 
Base  3i  in.  thick. 


Mr. 
Connell. 


49.2  cu.  yd.  trap  rock,  at  §1.65 $81.18 

4.9   '•     •■     screenings,  at  $1.65 8.12 

Labor 


Per  square  vard. 

$0,239 
0.022 
0.0.i4 


$0,305 


Surface  Course. 

Per  square  yard. 


Labor $45.14 

1^-in.  stone,  34.5  cu.  yd.,  at  $1.65. .  56.92 

Chips 5.0   ' l.SO..  9.50 

Binder 550  gal.,  at  0.131 72.05 


354  sq.  yd.,  at  $0,519. 


$183.61 

Field  Labor. 


$0,128 
0.101 
0.027 
0.203  : 

$0,519 


1.55  gal.  per  sq.  yd. 


Foreman 

Pouring  asphalt 

Heating        "        

Carrying      "        

Spreading  l)^-in.  stone  chips - 

Rollerman 


No. 


Hours. 


Rate. 


$4.00 
2.25 
2.25 
2.25 
2.25 
2.25 
4.50 


Totals. 


$5.50 
5.06 
5.34 
5.06 

10.12 
5.06 
9.00 


$45.14 


Seal    Coat. 

Per  square  yard. 

Labor $11.53  $0,032 

Chips,  5.0  cu.vd.,  at  $1.90 9.50  0.027 

Binder,  173  ga'l.,  at  $0.131 22.66  0.064  =  0.49  gal.  per  .sq.  yd. 

354sq.  yd.,  at$0.123 643.09  $0,123 

Labor. 


Foreman 

Pourmg  asphalt 

Squeegee 

Heating  asphalt 

Carrying      "       

Si>reading  chips -. 

Rollerman 


No. 


Hours. 


$4.00 
2.25 
2.25 
2.25 
2.25 
2.25 
2.25 
4.50 


Totals. 


$2.00 
1.68 
0.84 
0.84 
1.68 
1.68 
1.12 
1.69 


$11.53 


Nothing  except  the  hinder  was  heated  on  the  ground.  The  chips 
were  delivered  hot  from  the  plant,  and  remained  warm  until  the  end 
of  the  job. 
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Mr. 
Connell, 


The  actual  time  of  laying  the  surface  course  was  1  day  and 
3  hours,  or  an  average  of  257  sq.  yd.  per  day.  The  actual  time  of 
laying  the  seal  coat  was  4  hours,  or  an  average  of  708  sq.  yd.  per  day. 


Section  Seventeen:  37  +  75  to  39  +  22. 
Bituminous  Pavement,  Penetration  Method. 

Surface  and  Base  Course  Spread  in  One  Course. — This  consists  of 
1^-in.  crushed  trap  rock,  spread  and  rolled  to  a  depth  of  6  in.  Standard 
Oil  Company's  Binder  "B"  (IJ  gal.  per  sq.  yd.)  was  then  applied,  over 
which  a  layer  of  |-in.  stone  was  spread  and  rolled. 

Seal  Coat. — Binder  "B"  (1.1  gal.  per  sq.  yd.)  was  applied,  after 
which  chips  were  spread  and  rolled,  an  18-ton  roller  being  used. 

Cost  per  Square  Yard. 

Surface  and  base  course ^'^•''155 

Seal  coat 0.177 

Fuel 0.031 

Hauling  binder 0.006 

Tar  heater 0.001 

$0,853 

Detailed  Cost  per  Square  Yard. 
Surface  and  Base  Course. 

Per  square  yard. 

Labor $41.90  $0,131 

IV^-in.  stone,  83.0  cu.  yd.,  at  $1.65.  135.30  0.390 

#in.  stone,    5.0  "      "      '^     1.80.  9.00  0.036 

Binder,  480  gal.,  at  0.08.  38.40  0.111  =  1.38  gal.  per  sq.  yd. 

347sq.  yd.,  at$0.648 $334.60  $0,648 

Field  Labor. 


No. 

Hours. 

Rate. 

Totals. 

1 
3 
3 
10 

3 

1 

18 
48 

3.T 

30 
16 
4 

$4.00 
3.25 
3.35 
3.35 
3.35 
4.50 

$9.00 

13.50 

7.03 

5.68 

4.. 50 

3.25 

^47  en    vfl      at  "ffiO  121                 

$41.90 

Seal  Coat. 

Labor $35 .  12 

Chips,  3.0  cu.  vd.,  at  $1.90 5.70 

Binder,  884  gai.,     at    0.08 30.73 

847  sq.  yd.,  at  $0.177 $61 .54 


Per  square  yard. 

$0,072 
0.017 
0.088  -  1.11  gal.  per  sq.  yd. 


.177 
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Labor. 


Foreman 

Pouring  and  carrying  oil 

Ht'ating  oil 

Spreading  chips 

Rollermau 


No. 


Hours. 


Bate. 


$4.00 
2.25 
2.25 
2.25 
4.50 


Totals. 


$6.00 
6.75 
3.65 
6.47 
2.25 


$25.12 


Mr. 
Connell. 


Tlie  actual  time  of  laying  the  surface  course,  excluding  the  base 
course,  was  2^  days,  or  an  average  of  154  sq.  yd.  per  day.  The  actual 
time  of  laying  the  seal  coat  was  1^  days,  or  an  average  of  231  sq.  yd. 
per  day.  Nothing  but  the  binder  was  heated.  The  IJ-in.  trap  rock 
was  spread  in  one  course,  without  screenings. 


Temperature,  Weather,  Etc. 


Date. 

Temperature. 

9  A.  M. 

12  NOON. 

3  P.  M. 

Standard  Oil 

Oct.  18,  '10.    Begun. 

Oct.  19,  '10. 

Oct.  21,  '10. 

Oct.  24,  '10. 

Oct.  25,  '10.     Finished. 

Oct.  13,  '10.    Begun. 

Oct.  14,  '10. 

Oct.  15,  '10. 

Oct.  17.  '10. 

Oct.  18,  '10. 

Oct.  19,  '10.    Finished. 

Oct.  26.  '10.    Begun. 

Oct.  27,  '10. 

Oct.  28,  '10.    Finished. 

Oct.  19,  '10.    Begun. 

Oct.  21,  -10. 

Oct.  22,  '10. 

Oct.  21,  '10. 

Oct.  25,  '10.     Finished. 

Nov.  14,  '10.    Begun. 

Nov.  15,  '10. 

Nov.  17.  '10. 

Nov.  18,  -10. 

Nov.  22.  '10.    Finished. 

59 
59 
55 
52 
55 

48 
60 
61 
60 
59 
59 

49 
58 
54 

59 
55 
52 
52 
55 

38 
33 
38 
38 
37 

65 
65 
57 
54 
60 

52 
68 
63 
65 
65 
65 

54 
65 
55 

65 
57 
53 
54 
60 

44 
39 
40 
44 
42 

66 
68 
59 
56 
60 

55 
69 

66 
66 
68 

56 
67 
56 

68 
59 

56 
60 

43 
40 
42 
40 
46 

Clear. 

Tarvia 

Clear. 
Cloudy. 
Clear. 
Cloudy. 

Clear 

Barber 
Penetration 

Fair. 

Cloudy. 

Cloudy. 

Clear. 

Clear. 

Clear. 

"  Modern 

Cloudy. 
Clear. 

Clear. 

Sanford  and  Strains 
(Penetration) 

Cloudy. 
Rain. 
Clear. 
Cloudy. 

Cloudy. 

Cloudy. 

Clear. 

Clear. 

Overcast. 
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THE  USE  OF  BITUMINOUS  MATEKIALS  BY  MIXING 

METHODS. 

Mr.  Arthur  H.  Blanchard,  M.  Am.  See.  C.  E. — Bituminous  pavements 

■  constructed  by  mixing  methods  may  be  considered  under  two  types. 

Type  A  has  as  its  characteristic  a  carefully-graded  aggregate,  and  may 

be  classified  with  sheet-asphalt  and  wood-block  pavements,  from   the 

standpoint  of  adaptability  under  certain  traffic  conditions,  while  Type 

B,  consisting  of  a  pavement  with  an  upper  course  containing  a  larger 

percentage  of  voids  than  Type  A,  is  suitable  for  residential  streets  in 

cities,  roads  on  State  trunk  lines,  etc.,  which  are  subjected  to  excessive 

motor-car   traffic   and   heavy   commercial   traffic,    considered   from   the 

standpoint  of  the  present  traffic  on  trunk  highways. 

Tn  the  construction  of  bituminous  pavements  of  Type  A,  the 
materials  for  the  aggregate  are  broken  stone  and  sand  of  graded  sizes 
mixed  so  as  to  form  a  dense  mixture,  while  the  tisual  bituminous 
materials  are  natural  asphalts,  oil-asphalts,  and  refined  tars,  either 
alone  or  in  combination  with  asphaltic  materials.  In  connection  with 
the  construction,  machines  are  used  to  heat,  and,  in  some  cases,  to  clean 
the  aggregate,  and  thoroughly  mix  it  with  the  bituminous  binders. 
These  plants  are  of  two  kinds,  stationary  and  portable.  The  results 
secured  by  the  use  of  pavements  of  this  character  have  been  very  satis- 
factory, from  the  standpoint  of  durability,  but  in  some  instances  the 
surfaces  have  been  slippery  and  in  other  cases  dusty.  Particular  atten- 
tion should  be  given  in  the  future  to  the  nature  of  the  material  used 
as  a  flush  coat,  as  it  is  possible  to  construct  a  pavement  of  this  type 
so  that  the  surface  will  not  be  either  slippery  or  dusty. 

Pavements  of  Type  B  are  usually  constructed  by  using  as  an  aggre- 
gate either  the  run  of  the  crusher  or  a  mixture  of  certain  sizes  of 
broken  stone,  with  or  without  sand,  and  a  bituminous  cement  of 
natural  asphalt,  oil-asphalt,  heavy  asphaltic  oil,  tar,  or  a  combination 
of  tar  and  asphaltic  materials.  The  two  methods  which  have  been 
adopted  in  constructing  pavements  of  this  type  are,  first,  the  hand- 
mixing  method,  in  connection  with  which  unheated  stone  is  generally 
used,  and  second,  by  mixing  the  aggregate  and  the  bituminous  material 
with  mechanical  mixers.  The  results — to  date — by  these  methods  in 
some  cases  have  proved  satisfactory  and  in  others  both  insufficient  and 
uneconomical.  The  results  have  generally  proved  satisfactory  when  the 
method  and  the  materials  were  adaptable  to  local  conditions,  when  the 
roads  were  well  constructed  with  a  bituminous  cement  of  good  quality, 
and  the  work  was  in  charge  of  a  competent  inspector.  Here,  again,  the 
function  of  the  flush  coat  and  the  course  of  mixed  aggregate  has  not  been 
fully  appreciated.  In  the  future  much  attention  should  be  devoted  to  the 
design  of  a  mixer,  including  a  dryer  as  an  essential  adjunct  under 
certain  conditions.  One  type  of  plant  of  this  character  should  be 
designed  so  as  to  be  economically  adaptable  to  road  work  on  which 
portable  crushers  are  used,  the  output  of  which  is  necessarily  limited. 
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Distributors   for   tlie  appliention   of   a   flush   coat  should   also   receive    ,    Mr. 

'  Blanchard. 

attention. 

In  Rhode  Island  bituminous  pavements  have  been  constructed  by 
the  mixing  method  since  1906.  Judging  from  the  results  obtained  to 
date  the  most  oeononiioal  and  efficient  pavements  for  heavy  combination 
trunk  line  traffic  under  normal  conditions  in  Rhode  Island  have  been 
those  constructed  with  tar  in  the  mix  and  an  oil-asphalt  flush  coat, 
the  oil-asphalt  which  has  proved  most  satisfactory  during  all  seasons 
of  the  year  being  a  Texaco  asphalt  having  a  melting  point  of  from 
90°  to  95°  cent.,  as  determined  by  the  test  proposed  by  the  Special 
Tommittee  of  this  Society.  The  first  pavement  of  this  type  was  built 
in  lOOS  in  East  Providence.*  When  inspected,  in  January,  1911,  the 
surface  was  in  an  excellent  state  of  preservation  and  practically  dust- 
less,  the  flush  coat  of  asphalt  being  in  such  condition  as  to  take  the 
prints  of  the  calks  of  horses'  hoofs,  although  the  air  temperature  was 
0°  cent.  The  average  traffic  for  12  hoxirs  on  this  road  during  the  sum- 
mer of  1909  was  355  horse-drawn  vehicles  and  810  motor  vehicles. 
Under  normal  conditions,  when  constructed  under  competent  super- 
vision, and  in  the  months  of  June  to  September,  inclusive,  a  pavement 
of  the  class  referred  to  will  cost  from  25  to  35  cents  per  sq.  yd.  more 
than  the  cost  of  ordinary  macadam. 

For  roads  subjected  to  traffic  consisting  of  90%  motor  cars  and  a 
light  horse-drawn  vehicle  traffic,  the  results  in  Rhode  Island  indicate 
that  a  flush  coat  on  a  bituminous  pavement  constructed  by  the  mixing 
method  is  not  necessary.  The  excellent  condition,  when  examined  in 
October,  1910,  of  the  1906  section  in  Charlestown  built  of  Providence 
tar,  and  the  1908  section  in  Narragansett  built  of  Tarvia,  are  evidence 
that  a  road  of  this  type  is  economical  and  efficacious.  The  summer 
traffic  during  1909  on  the  Narragansett  road  averaged  42  horse-drawn 
vehicles  and  410  motor  vehicles  for  a  period  of  12  hours.  A  road  of 
this  character  can  be  constructed,  under  normal  conditions,  during  the 
months  from  June  to  September,  inclusive,  with  refined  tar  or  an  oil- 
asphalt  for  from  15  to  25  cents  per  sq.  yd.  in  excess  of  the  cost  of  ordi- 
nary' macadam,  provided  the  construction  work  is. supervised  by  a  com- 
petent inspector.  The  estimates  given  are  based  on  1910  labor  and 
material  cost  data. 

The  1909  experimental  sections  built  in  Barrington,  while  the 
speaker  was  in  charge  of  bituminous  work  in  Rhode  Island,  have  been 
open  to  traffic  for  more  than  a  year.  The  sections  were  all  built  by  the 
mixing  method,  each  section  having  a  paint  coat  of  the  same  kind  of 
bituminous  material  as  was  used  in  the  mix.  The  materials  were  Mai- 
den Tarite,  Springfield  Tarite,  Tarite- Asphalt  E  (20%  asphalt),  Tarite- 
Asphalt  J  (10%  asphalt),  Texaco  Macadam  Binder  and  the  U.  G.  I. 
Road  Compound  No.  4.    When  examined  in  January,  1911,  the  various 

*The  construction  of  this  section  of  the  East  Providence  road  is  described  in  Trans- 
actions, Am.  See.  C.  E.,  Vol.  LXI,  p.  W5  et  .seq. 
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Mr.       sections   exhibited  the  following   characteristics:    The   Maiden   Tarite 

Blanehard.         lo-z^iim-  •  i  ^^  i  •       ^ 

and   bprmgneld   iarite  sections  presented  an  excellent,   close-grained, 

mosaic  surface,  the  surface  coat  on  the  top  of  the  stones  having  entirely 
disappeared.  The  surface  afforded  an  excellent  foothold  for  horses. 
There  has  been  a  slight  abrasion  of  the  road  metal  composing  the  upper 
surface.  Very  little  difference  was  noted  between  the  Tarite- Asphalt  E 
and  Tarite-Asphalt  J  sections,  except  that  the  mosaic  surface  of  the 
stones  was  more  apparent  in  the  latter  than  in  the  former.  The  sur- 
face presented  a  fairly  good  foothold  for  horses,  and  was  practically 
dustless.  On  the  section  constructed  with  Texaco  Macadam  Binder  the 
stones  composing  the  upper  layer  were  not  visible.  The  flush  coat  was 
remarkably  dustless,  and,  at  a  temperature  of  0°  cent.,  was  slightly 
impressed  by  the  calks  of  horses'  hoofs.  On  the  surface  constructed 
with  the  U.  G.  I.  Road  Compound  No.  4  the  stones  were  not  visible. 
The  surface  was  extremely  hard  and  smooth,  and  hence  slippery,  but 
was  dustless. 

The  road  on  which  these  various  sections  were  constructed  is  be- 
tween West  Barrington  and  Nayatt  Point,  in  the  Town  of  Barrington. 
Each  section  was  built  on  a  tangent,  and  the  grades  varied  from  0.50 
to  1.14  per  cent.  The  sub-grade  encountered  was  composed  of  a  very 
hard  layer  of  clay  and  sand  over  a  foundation  bed  of  bricks,  which 
had  been  placed  there  several  years  before  by  the  town  highway  authori- 
ties. Almost  the  entire  length  of  the  road  was  through  a  wooded  dis- 
trict, the  shade  being  very  dense.  Previous  to  reconstruction,  the 
road  had  been  surfaced  with  gi'avel.  In  June  and  July,  1909,  the 
average  traffic  for  8  hours  was  as  follows : 

Horse-drawn     vehi-  j  One-horse  vehicles 71 

cle    traffic.  (  Two-horse  vehicles 3 


r 


Motor   vehicle 
traffic. 


Motor  cycles   1 

Motor  runabovits  9 

Motor  touring  cars  (four  or  five 

seats)    43 

Motor  touring  cars  (six  or  seven 
seats)  including  limousines 
and   landaulets 17 


The  contract  was  let  originally  for  ordinary  macadam  construction, 
and  later  a  secondary  agreement  was  drawn  up  by  which  the  extra 
labor  required  on  the  bituminous  work  was  paid  for  as  per  agreement 
covering  prices  for  different  grades  of  labor  plus  a  commission  of  15 
per  cent.  The  prices  paid  to  laborers  on  bitiiminous  work  were  $2.00 
per  day  of  10  hours  for  experienced  men,  and  $1.75  per  day  for  ordinary 
laborers.  One-horse  teams  and  drivers  were  paid  $3.50,  and  two-horse 
teams  and  drivers  $5.00  per  day. 

The  following  plant  equipment  was  iised:  A  Kelly- Springfield 
15-ton  roller;   a  tar-coating  machine  manufactured  by  the  American 
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Tar  Company,  the  rent  of  wliieh  was  $2.00  per  day.     The  contractor        Mr. 
supph'od    fliroo   tar   kettles,   niixinp:   platforms,   square-pointed    shovels, 
pails,  dijtpers,  and  rakes,  at  a  rent  of  $0.25  per  kettle  and  accessories 
per  day.     Brooms,  potato-hooks,   and  steel-bodied  wheel-barrows  were 
supplied  by  the  State. 

The  macadam  was  built  in  two  courses:  The  foundation  course  con- 
sisted of  broken  stone  varying  from  1^  to  2f  in.  in  longest  dimensions, 
which  was  6  in.  deep  when  loose,  and  was  rolled  to  4  in.  The  top 
course  consisted  of  stone  of  the  same  quality,  varying  in  size  from 
I  to  li  in.,  which  was  3  in.  deep  when  loose,  and  was  rolled  to  2  in. 
The  rock  used  was  a  chlorite  gneiss,  having  the  following  characteris- 
tics: 

Determinations.  Results. 

Specific  gravity   2.80 

"Weight  per  cubic  foot 175        lb. 

Water  absorbed  per  cubic  foot 0.46  lb. 

Percentage  of  wear  4.6 

French  coefficient  of  wear 8.6 

Hardness    15.7 

Toughness    8 

Cementing    value Fair. 

The  width  of  macadam  was  14  ft.  and  the  crown  throughout  was 
I  in.  per  ft.  The  top-course  stone  was  mixed  by  hand  with  bituminous 
material  until  all  stones  were  thoroughly  coated.  Most  of  the  mixing 
was  done  by  hand,  with  long-handled,  square-pointed  shovels,  on  plank 
platforms  composed  of  three  sections,  each  8  ft.  square.  The  tar-coat- 
ing machine  was  used  on  the  sections  built  with  Springfield-Tarite  and 
the  U.  G.  I.  No.  4  Road  Compound.  This  machine  and  the  method  of 
using  it  was  described  by  the  speaker  in  a  paper  on  "Use  of  Binding 
Materials  in  the  Construction  of  Metalled  Eoads."*  The  mixing  gang 
consisted  of  three  experienced  and  five  common  laborers.  The  flush- 
coat  gang  consisted  of  one  experienced  and  two  common  lalwrers.  In 
applying  the  flush-coat  house  brooms  were  used,  the  material  being 
supplied  to  the  spreader  in  steel-bodied  wheel-barrows. 

Table  1  contains  general  information  and  Table  2  cost  data  relative 
to  the  various  experimental  sections;  Table  3  gives  analyses  of  the 
bituminous  materials  used.  The  analyses  were  made  in  accordance 
with  the  methods  proposed  by  the  Special  Committee  of  this  Society 
appointed  "To  Report  on  Bituminous  Materials  for  Road  Construction, 
and  on  Standards  for  their  Test  and  Use." 

The  following  notes,  relative  to  details  of  construction  are  of  inter- 
est ;  they  were  taken  from  the  records  of  the  Resident  Engineer,  Irving 
W.  Patterson,  Jun.  Am.  Soc.  C.  E. 

*  Presented  before  the  Second  International  Road  Congress  at  Brussels,  in  August,  1910. 
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TABLE  3. — Analyses  of  Bituminous  Materials. 


Mr. 
Blancbard. 


Maiden 
Tarite. 

Texaco 

Macadam 

Binder. 

Tarite- 
Asphalt 

(20%). 

Tarite- 
Asphalt 

(10%). 

Spring- 
field 
Tarite. 

U.  G.  I. 
Road 
Com- 
pound 
No.  4. 

1.222 
0.4 
0.4 
25.0 
0.1 

0.965 
0.3 
0.0 
0.3 
0.0 
99.6 
8.0 
0.2 

1.176 

0.5 

0.1 
18.6 

0.0 
74.0 
27.4 

1.211 

0.6 

0.0 
£2.5 

0.1 
69.5 
26.3 

1.244 

0.2 

0.4 

24.5 

0.0 

1.167 

0.3 

Water  sol\it)le,  inorganic 

0.1 
2.4 

\sh        

0.1 

29.4 

30.7 

22.1 

Melting  point,  original  material 
fc^vapoiatioii  in  5  hours  at  170° 

15.0 
62 
2 
15 

16.6 
65 
46 
105 

19.1 
110 
29 
58 
77 

Sticky 

10.5 
70 
2 
12 

17.5 
80 

1 
2 

13.5 
67 

1 
10 

18.0 
85 

1 

2 

11.9 
63 
3 
15 

15.5 

74 

Penetration  residue,  4°  cent 

Penetration  residue,  2.5°  cent. . . 
Evaporation  in  5  hours  at  205° 

0.5 
3 

Character  of  solution,  sticky  or 

Distillation  to  300°  cent 

19.7 
0.0 
0.4 
7.8 
8.3 
3.2 

18.7 
0.3 
1.0 
3.3 
9.4 
4.7 

20.7 
0.0 
0.3 
4.8 

10.9 
4.7 

16.8 

0.0 

105°  to  17(t°  cent 

0.0 

0.0 

10.4 

•-'70°  to  300°  cent 

6.4 

Maiden  Tarite. — At  the  prevailing  temperature,  the  material  re- 
fused to  run  from  the  bungs  of  the  barrels  with  sufficient  rapidity  to 
keep  the  work  constantly  progressing.  For  this  reason  the  heads  of 
the  barrels  wore  knocked  out  and  the  contents  emptied  into  the  kettles 
in  a  very  short  time.  On  this  section  rolling  was  done  each  day  until 
a  thorough  compacting  had  been  effected  and  the  material  had  set  up  so 
that  there  was  no  appreciable  movement  under  the  wheels  of  the  roller. 
Rolling  was  never  done  until  the  material  had  been  down  over  night. 
The  first  day  rolling  was  done  about  9  a.  m.,  before  the  material  had 
softened  excessively.  Later,  as  the  material  began  to  set  up,  rolling 
was  delayed  until  the  middle  of  the  day  because  in  the  earlier  hours 
the  stiffness  of  the  surface  did  not  allow  of  compacting.  The  surface 
had  set  up  in  such  a  manner  that  painting  might  have  been  done  at 
the  end  of  about  6  days. 

Texaco  Macadam  Binder. — The  weather  conditions  during  the  con- 
struction of  this  section  were  the  most  unfavorable  during  the  entire 
period  of  construction.  Owing  to  frequent  rains  and  almost  constant 
mists,  it  was  impossible  to  keep  the  stone  dry.  Work  was  carried  on, 
however,  except  when  rain  was  actually  falling,  because  of  the  late- 
ness of  the  season  and  the  desire  to  finish  to  a  certain  point  before 
weather  conditions  i)revented   further   bituminous   construction.     The 
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Mr.       stone  was  mixed  with  no  great  difficulty  when  dry,  but  when  damp,  as 

'  was  generally  the  ease,  it  was  very  difficult  to  get  it  coated.     The  material 

was  exceedingly  slow  in  setting  up.     It  was  impossible  to   apply  the 

flush  coat  until  3  weeks  after  laying  the  stone.     Even  at  that  time  the 

surface  felt  very  elastic  under  foot  pressure. 

Tarite- Asphalt  (10%). — The  heads  of  the  barrels  had  to  be  removed 
in  order  to  allow  the  material  to  flow  into  the  kettles.  Mixing  was 
difficult,  because  of  the  low  temperature  and  the  consequent  stiffness 
of  the  bituminous  materials.  Owing  to  the  rapidity  with  which  the 
material  hardened  on  contact  with  the  cold  stones,  it  was  necessary  to 
mix  very  small  ])atches  at  one  time.  Rolling  on  this  section  was  done 
in  the  middle  of  the  day.  Rolling  was  also  done  on  the  day  the 
material  was  laid  because  if  the  surface  was  left  unrolled  over  night 
permanent  compacting  was  made  very  difficult.  At  the  end  of  2  days 
the  surface  had  set  up  sufficiently  to  allow  painting. 

Tariie- Asphalt  (20%). — The  quantity  of  material  used,  the  manner 
of  rolling,  and  the  length  of  time  necessary  for  setting  up  varied  very 
slightly  from  the  experience  with  Tarite-Asphalt  (10%),  but  there  was 
somewhat  more  difficulty  in  removing  the  material  from  the  barrels. 

Springfield  Tarite. — Rolling  was  done  on  this  section  in  the  warm 
part  of  the  day,  because  the  season  was  rather  late,  and  the  mornings 
and  evenings  being  cold,  the  material  was  stiffened  so  much  that  rolling 
did  not  compact  the  surface  well.  The  flush-coat  might  have  been 
applied  on  the  third  day. 

V.  G.  I.  No.  4  Road  Compound. — The  first  section  laid  with  this 
material  was  allowed  to  remain  over  night  before  rolling,  but  this  sec- 
tion was  never  compacted  as  well  as  where  the  rolling  followed  close 
after  the  laying  of  the  surface.  Rolling  in  the  early  morning  appeared 
to  affect  the  surface  in  no  way  except  to  break  up  the  stones  of  the 
No.  2  course.  Rolling  in  the  middle  of  the  day,  except  on  the  day  on 
which  the  material  was  laid,  appeared  to  be  but  slightly  more  effective 
than  rolling  in  the  early  morning.  Hence  it  was  found  absolutely 
necessary  to  roll  very  soon  after  laying  the  No.  2  course.  The  great 
change  produced  by  relatively  slight  changes  of  temperature  can  be 
judged  from  the  fact  that  in  the  early  morning  at  this  season  of  the 
year  the  material  in  the  barrels  might  be  split  to  pieces  with  an  axe, 
while  earlier  in  the  season  it  would  flow  slowly  from  the  bungs. 

Based  on  experience  acquired  while  in  charge  of  bituminous  work 
in  Rhode  Island,  and  investigations  conducted  in  the  United  States  and 
Europe,  the  speaker  considers  that  many  of  the  failures  of  bituminous 
pavements  constructed  by  mixing  methods  have  been  due  to  one  or 
more  of  the  following  factors:  Poor  bituminous  binder;  bituminous 
material  not  adapted  to  the  method  used;  the  use  of  an  insufficient 
quantity  of  bituminous  material;  poor  mix;  an  aggregate  unsatisfactory 
in  quality;  injudicious  selection  of  sizes  of  road  metal  in  the  aggre- 
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gate;  aggregate  covered  with  dust  or  dirt;  dain]i  broken  stone  or  sand;  Mr. 
overheated  broken  stone,  sand,  or  bituminous  material;  the  use  of  ex-  ^"^  *'  " 
cessively  heavy  three-wheel  rollers;  the  coating  of  the  bituminous- 
covered  aggregate  with  roadside  dust,  either  before  rolling  or  preceding 
the  apiilioation  of  the  tlusli-coat;  insufficient  bond  between  the  founda- 
tion course  of  macadam  .ind  the  bituminous  course,  due  in  certain 
cases  to  over-comi)actiiig  the  lower  course;  and,  finally,  incompetent 
supervision  of  the  handUng  of  materials  and  of  the  details  of  con- 
struction. 

i\   C.   PiLLSBURY,   M.   Am.   Soc.    C.   E. — -lioad   surfaces   should  be      Mr. 
designed,   as   nearly   as  possible,  for  the   traffic   to  be   sustained,   and, 
at  the  present  time,  it  seems  that  it  is  possible  to  draw  the  line  closely 
between  the  necessity  for  a  mixed  bituminous  macadam  and  for  a  less 
oxjxnisive  type  on  the  one  hand,  and  a  superior  pavement  on  the  other. 

There  is  no  doubt  that  it  is  possible  to  construct  on  a  suitable 
base  a  mixed  bituminous  macadam  which  will  sustain  extremely  heavy 
horse-drawn  vehicle  traffic,  and  it  is  even  possible  that  in  the  future 
a  pavement  may  be  found  which  will  sustain  the  very  heaviest  horse- 
drawn  vehicle  traffic.  On  the  other  hand,  there  is  no  doubt  that  even 
the  most  successful  bituminous  macadam  constructed  by  penetration 
or  layer  methods  will  not  sustain  a  traffic  equal  in  weight  to  that  which 
may  be  borne  by  the  mixed  composition. 

This  seems  to  prove  the  sviperiority  of  a  mixed  aggregate  over 
other  kinds  of  bituminous  macadam  when  heavy  loads  drawn  by  horses 
must  be  sustained.  For  medium  traffic,  partly  or  even  almost  alto- 
gether automobile,  it  seems  that  the  penetration  and  layer  methods 
of  construction  will  answer.  They  are  less  expensive,  of  course,  but 
if  the  mixing  method  is  superior  in  one  case,  why  should  it  not  be  in 
the  other?  It  is  probable  that  its  superiority  will  give  much  greater 
permanence,  and  that  this  may  prove  it  to  be  more  economical.  On 
the  other  hand,  a  large  volume  of  swiftly-moving  automobile  traffic 
maj-  disturb  the  actual  surface,  causing  abrasion  to  such  an  extent 
that  either  mixed,  penetration,  or  layer  treatment  will  be  badly  dis- 
turbed on  the  surface  after  two  or  three  years,  so  that  it  would  be 
economy  in  any  case  to  restore  the  surface  continually  before  destruc- 
tion by  surface  applications  of  some  form  of  bitumen. 

The  speaker  does  not  intend  these  remarks  to  be  an  argument  in 
favor  of  one  method  of  construction  over  another;  they  are  simply  made 
for  the  purpose  of  calling  attention  to  the  fact  that  it  is  of  first 
importance  to  consider  whether  it  is  economy  to  construct  bituminous 
macadam  by  the  mixing  method  instead  of  laying  the  most  expensive 
pavements,  such  as  vitrified  brick,  wood  block,  sheet-asphalt,  first-class 
granite,  etc.,  or  instead  of  cheaper  types  of  bituminous  surfaces. 

The  speaker  believes  that  there  are  many  cases  where  an  asphaltic 
bituniinous  macadam  could  be  laid  which  would  answer  all  the  pur- 
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Mr.  poses  now  served  by  brick  or  wood  block,  except  that  wood  block 
is  quieter.  Bituminous  macadam,  however,  is  quieter  than  brick 
or  ^anite-block  pavements.  The  cost  of  such  pavement  should  not 
exceed  one-half  that  of  the  brick  or  other  more  expensive  forms  men- 
tioned above.  Asphaltic  bituminous  macadam  must  be  constructed 
only  of  selected  materials  placed  with  the  greatest  care. 

The  actual  operation  of  mixing  and  placing  an  aggregate  may  be 
accomplished  at  a  low  cost  by  careless  methods,  but  the  results  will 
be  uncertain,  and,  without  doubt,  will  result  in  failures  in  many  cases. 
So  much  depends  on  the  personal  factor,  that  skilled  and  experienced 
labor  should  be  employed.  This  leads  to  a  question  of  machinery 
versus  hand  labor.  From  experience  the  speaker  has  no  doubt  that 
machine  work  is  more  satisfactory,  as  machinery  may  be  used  which 
will  mix  uniformly  and  thoroughly.  It  is  almost  impossible  to  obtain 
a  uniform  product  by  hand  mixing. 

One  of  the  most  interesting  roads,  on  which  both  hand  and  machine 
mixing  were  used,  was  constructed  in  the  summer  of  1910  on  the 
State  highway  between  the  City  of  Lynn  and  the  Town  of  Revere,  in 
Massachusetts.  This  road  carries  all  the  business  traffic  between  Boston 
and  Lynn  and  other  cities  and  towns  north  and  east,  as  well  as  a  large 
volume  of  automobile  travel. 

If  the  road  had  not  been  subject  to  very  heavy  horse-drawn  vehicle 
traffic,  a  mixed  bituminous  macadam  would  not  have  been  constructed. 
The  traffic  was  so  heavy  that  the  Massachusetts  Highway  Commission 
thought  it  advisable  to  use  a  bituminous  material  which  was,  as  far 
as  known,  least  likely  to  oxidize  and  lose  its  plastic  and  adhesive 
qualities  until  after  the  greatest  period  of  wear  had  been  obtained. 
It  was  finally  decided  to  use  a  composition  of  natural  oil  and  refined 
natural  asphalt,  and  to  mix  this  in  a  thorough  manner  with  an  excel- 
lent quality  of  trap  rock. 

The  work  was  complicated  and  made  difficult  and  expensive  by  the 
necessity  of  keeping  the  road  open  to  travel.  The  entire  width  of 
the  roadway  was  only  22  ft.,  hence  only  11  ft.  were  available  at  one 
time. 

At  first  the  mixing  was  done  by  hand,  but  the  cool  nights  and 
mornings  made  it  difficult  to  combine  the  stiff  bituminous  material 
with  the  cold  stone  satisfactorily,  and  it  was  found  that  the  work  was 
progressing  too  slowly.  Hence,  it  was  decided  to  mix  by  machinery. 
Two  Smith  concrete  mixers  were  used.  The  stone  was  heated  and  the 
mixing  accomplished  with  entire  satisfaction.  The  two  Smith  mixers 
turned  out  daily  sufficient  material  to  cover  about  800  sq.  yd.  of  surface. 
This  amount  kept  three  steam  rollers  busy,  and  was  all  that  could 
possibly  be  handled. 

This  practical  type  of  surface  and  the  method  of  operation  is  to 
be  strongly  recommended  for  roads  which  are  somewhat  remote  from 
a  central  mixing  plant  and  are  subjected  to  heavy  traffic. 
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Frank    J.    Eppele,    Esq.*    (by   letter). — In    Mercer   County,   New     Mr. 
Jersey,  four  pieces  of  road  have  been  re-surfaced  to  a  depth  of  li  in.    pp®  ®' 
or  more  after  compression  with  materials  called  by  some  special  trade 
name,  where  the  mineral   aggregate  was  coated  mechanically  with   a 
bituminous  binder.     These  roads  are  giving  by  far  the  best  and  most 
satisfactory  results. 

This  work  has  been  done  at  a  cost  of  about  70  cents  per  sq.  yd., 
under  a  guaranty  of  5  years,  and,  after  2  years  of  service,  does  not 
show  any  appreciable  indication  of  wear;  in  fact,  judging  by  present 
surface  conditions,  these  roads  should  last  for  a  period  of  15  years 
without  any  material  expense.  The  writer  understands,  however,  that 
similar  work  would  cost  at  the  present  time  from  80  to  90  cents  per 
sq.  yd.,  due  to  increases  in  the  cost  of  labor  and  materials,  and  the 
question  of  royalties  to  be  paid  under  patents  granted  for  the  con- 
struction of  a  bituminous  road  having  21%  or  less  of  voids. 

A  mineral  aggregate  of  the  desired  proportions  as  to  size,  coated 
mechanically  with  the  required  amount  of  a  first-class  bitumen  of  the 
proper  consistency,  will,  without  doubt,  give  an  ideal  wearing  surface 
for  new  as  well  as  re-surfaced  roads,  but,  under  existing  circumstances, 
and  in  accord  with  a  recent  legal  decision,  it  is  practically  impossible 
to  compile  a  specification,  under  which  bids  could  be  received  with 
unlimited  competition,  without  infringement  on  certain  patent  rights. 
On  the  other  hand,  to  ask  for  bids  under  a  specification  calling  for  a 
restricted  form  of  construction,  or  any  special  kind  of  pavement, 
would  immediately  meet  with  disfavor  in  the  eyes  of  the  public,  and 
raise  the  cry  of  favoritism,  regardless  of  the  merits  involved.  With- 
out open  competition,  it  is  useless  to  expect  the  cost  of  this  form  of 
construction  to  be  brought  within  the  limit  of  reasonable  expendi- 
ture for  general  highway  improvement,  and  so  its  use  will  probably 
be  restricted  to  districts  of  fixed  realty  value  and  population.  If  this 
is  true,  we  are  forced  to  eliminate,  when  considering  methods  of 
bituminous  construction,  the  mechanical  coating  of  the  mineral  aggre- 
gate having  a  low  percentage  of  voids,  and  to  -confine  our  thoughts 
practically  to  the  spreading  of  the  road  metal,  the  application  of  the 
asphaltic  binder  to  the  surface,  by  hand  or  otherwise,  and  then  to 
depend  on  its  penetration  qualities  to  give  a  variable  condition  of 
coated  work. 

Being  dependent,  then,  on  the  penetration  method  to  produce  the 
form  of  construction  for  future  highway  improvement  which  will  be 
within  an  allowable  range  of  cost,  as  well  as  a  method  of  re-surfacing 
roads  already  constructed,  the  main  question  seems  to  be  one  of  proper 
asphaltic  binder  to  be  used.  On  this  question  it  is  the  writer's  judg- 
ment that  a  fluxed  natural  asphalt  will  give  the  best  and  most  lasting 
results,  and,  in  the  end,  prove  to  be  the  cheapest  bitumen  to  use,  even 
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Mr.     if  the  initial  cost  is  somewhat  above  that  of  the  artificial  bitumens 
'  now  on  the  market. 

William  H.  Connell,  Esq.* — The  following  discussion  is  confined 
to  a  general  description  of  the  experimental  sections  on  White  Plains 
Road  which  were  built  in  order  that  a  comparison  might  be  made  as 
to  the  cost  and  durability  of  bituminous  pavements  laid  by  the  mixing 
and  by  penetration  methods,  with  water-bound  macadam  and  other 
types  of  pavements. 

The  White  Plains  Koad  experimental  pavements  consist  of  eighteen 
sections,  ranging  in  length  from  100  to  3.50  ft.,  with  a  width  of  21  ft. 
Fourteen  of  these  sections  comprise  the  bituminous  pavement  group, 
two  of  which  consist  of  a  wearing  surface  of  broken  stone  and  sand 
with  an  asphaltic  binder,  built  by  the  mixing  method  and  laid  on  a 
concrete  foundation.  The  wearing  surfaces  of  twelve  sections  were 
laid  on  a  broken  stone  foundation,  five  built  by  the  penetration  and 
seven  by  the  mixing  method.  In  all  but  one  section  built  by  the 
mixing  method  the  stone  was  heated.  The  remaining  four  are  made 
up  as  follows :  Hassam  Portland  Cement  Concrete  Pavement,  water- 
bound  macadam,  Sicilian  Asphalt  Company's  Asphalto,  which  in 
appearance  resembles  ground  Kentucky  Rock  Asphalt,  and  a  surface 
application  of  asphalt  binder  and  sand  on  an  old  macadam  strip.  In 
all  but  one  section,  where  paving  gravel  was  used  in  the  wearing 
surface,  the  stone,  both  for  foundation  and  wearing  surface,  was 
Clinton  Point  crushed  trap  rock. 

The  section  built  with  the  surface  application  and  those  built  by  the 
penetration  methods  are  discussed  under  Topics  Nos.  5  and  6, 
respectively. 

These  experiments  were  made  with  a  view  to  determine  by  a 
service  test  a  suitable  medium-priced  pavement  for  suburban  resi- 
dential streets,  and  also  a  cheaper  grade  of  pavement  for  country  roads 
and  parkways,  where  the  constantly  increasing  automobile  trafiic  has 
made  it  imperative  to  lay  something  better  than  a  water-bound 
macadam  pavement.  Therefore,  it  is  to  be  hoped  that  the  information 
obtained  through  observation  of  these  experiments  will  be  of  value, 
both  from  an  engineering  and  an  economic  point  of  view.  The  main- 
tenance cost  of  water-bound  macadam  subjected  to  automobile  traffic 
is  appalling,  and  consequently  it  will  be  necessary  in  the  future  to 
construct  a  pavement  where,  even  though  the  initial  cost  may  be  a 
little  higher,  the  maintenance  cost  will  be  very  much  lower. 

Accurate  cost  data  of  the  construction  of  the  various  sections  have 
been  kept,  and  cost  data  of  the  maintenance  will  be  also  be  kept. 
Analyses  of  the  bituminous  binders  have  been  made  by  the  United 
States   Office  of  Public  Roads,   in   accordance  with  their  methods   of 

*  Assistant  Commissioner  of  Public  Works,  Borough  of  the  Bronx,  New  York  City. 
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testing  bituminous  binders,  und  in  accordance  with  the  recommenda-     Mr. 
tions   of  the   Special   Conimittee   of   the  American    Society   of   Civil 
Engineers    on    "Bituminous    Materials    for   Road    Construction,"    and 
levels  have  been   taken   which   will  ninke   it  possible  to   ascertain  the 
amount   of  wear  at   any  time. 

It  is  the  intention  to  take  a  traffic  census  of  the  road  once  each 
month  up  to  December,  1911.  The  census  will  be  taken  on  Fridays, 
Saturdays,  Sundays,  and  Mondays,  in  order  to  take  into  account  two 
holidays  and  two  normal  week  days.  Due  to  the  fact  that  the  speaker 
considers  that  these  sections  should  undergo  a  year's  use  before  any 
very  definite  knowledge  as  to  their  relative  merits  can  be  expressed, 
he  does  not  desire  to  report  on  their  present  condition. 

The  White  Plains  Koad  is  a  wide  thoroughfare  extending  northeast- 
ward through  the  northerly  section  of  the  Borough  of  the  Bronx  to 
Mount  Vernon,  and  on  toward  White  Plains.  The  experimental  road- 
way is  laid  on  the  east  side  of  the  road,  and  extends  from  the  inter- 
section of  White  Plains  Avenue  and  the  Boston  Road  to  Burke 
Street,  a  distance  of  4 120  ft.  The  maximum  grade  is  1%  and  the 
crown  is  i  in.  to  1  ft.  No  streets  intersect  White  Plains  Road  between 
the  Boston  Road  and  Burke  Street,  therefore  all  the  sections  will  be 
subjected  to  the  same  amount  of  traffic.  A  double-track  electric  railway 
runs  along  W^hite  Plains  Avenue,  and  the  pavement  is  carried  up  to 
the  outside  girder  rail  of  the  track. 

The  water-bound  macadam  section  was  laid  as  a  basis  of  compari- 
son, both  with  regard  to  wear  and  cost  of  construction.  The  cost  of 
experimental  work  of  this  character,  where  the  sections  are  short  and 
all  differ  in  methods  of  construction,  is  necessarily  high,  as  the 
organization  can  hardly  be  perfected  in  making  satisfactory  progress 
before  the  section  is  completed.  Therefore  it  may  be  safe  to  assume 
that  the  excess  cost  of  the  water-bound  macadam  may  be  used  to 
determine  the  percentage  to  be  deducted  from  the  actual  cost  of  any 
other  section,  in  order  to  ascertain  its  normal  cost.  The  total  cost 
per  square  yard  of  the  ordinary  macadam,  6  in.  deep,  as  laid  on  this 
road,  was  $0,771,  which  is  about  25%  in  excess  of  the  average  cost. 

Work  on  the  experimental  road  was  begun  on  September  29th,  and 
wds  completed  on  November  22d,  1910.  The  number  of  sections  under 
construction  at  the  same  time  ranged  from  two  to  nine.  It  will  be 
observed,  from  the  lateness  of  the  season  and  daily  record  of  the 
temperature  taken  during  the  period  of  construction,  that  the  work  was 
not  done  under  the  most  favorable  conditions.  The  temperature  when 
the  work  was  in  progress  varied  from  40  to  79°  Fahr.,  the  average 
being  57°  Fahr.  However,  it  was  thought  better  to  make  a  start 
and  finish  this  season  than  wait  about  9  months  for  more  perfect 
conditions. 
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Mr.  It  is  to  be  observed  that  the  labor  item  is  somewhat  high.     This  is 

■  partly  due  to  the  rate  of  pay,  namely,  $2.25  for  an  8-hour  day,  and 
partly  to  the  fact  that  the  style  of  work  was  entirely  new  to  the  fore- 
man as  well  as  to  the  men.  There  are  several  points  which  stand  out 
in  connection  with  the  work,  which  it  may  be  worth  while  noting, 
namely:  the  comparatively  low  cost  of  Section  5,  where  the  binder  was 
mixed  with  cold  stone  in  a  concrete  mixer;  the  high  cost  per  square 
yard  for  fuel  where  the  stone  was  heated;  the  additional  cost  per 
square  yard  for  mixing  tar  and  asphalt;  the  excess  of  binder  used  in 
the  seal  coat  of  several  sections;  the  high  cost  of  handling  the  Amiesite 
pavement,  due  entirely  to  the  paving  mixture  being  stiff,  owing  to  cold 
weather;  the  difference  in  the  cost  of  the  concrete  foundations  laid  by 
the  mixing  method  and  that  by  the  process  of  spreading  cement  and 
screenings  mixed,  sprinkling  and  rolling,  as  in  water-bound  macadam; 
and  the  high  cost  of  labor,  namely,  $0,054  per  sq.  yd.,  for  spreading  and 
rolling  the  broken  stone  foundation  course,  due  to  re-handling  the 
material. 

The  methods  of  construction  used  on  White  Plains  Road,  both  for 
penetration  work  and  the  mixing  method,  were  rather  crude,  and  unless 
a  suitable  pressure  machine  is  used  for  penetration  work  which  will 
insure  an  equal  distribution  of  bituminous  binder,  and  unless  an 
economical  mixer  is  used  for  heating  and  mixing  the  stone  and 
bituminous  binder,  thereby  decreasing  the  labor  cost,  the  cost  of  work 
of  this  character  will  be  unnecessarily  high  in  comparison  with  water- 
bound  macadam.  The  method  of  construction,  therefore,  should  be 
taken  into  consideration  in  comparing  the  relative  cost  of  the  various 
sections  with  the  water-bound  macadam. 

A  description  of  the  methods  of  construction,  the  binders  used,  and 
cost  data  relative  to  the  various  sections  constructed  by  the  mixing 
method,  follows.  A  traffic  census  taken  in  January,  1911,  and  a  table 
of  temperatures,  are  also  appended. 

White  Plains  Avenue  Experimental  Pavements. 

Section  One:  0  +  00  to  3  +  25. 

Bituminous  Pavement,   Mixing  Method,  laid  by  the  Barber  Asphalt 

Company. 
Foundation  Course. — A  concrete  foundation  was  laid,  to  a  finished 
depth  of  4i  in.,  in  the  proportions  of  1:3:6. 

Surface  Course  or  Paving  Mixture. — The  paving  mixture  consists 
of  the  following  mineral  aggregate  by  weight,  73%  paving  gravel,  19^% 
sand,  1J%  dust,  and  5.4%  Bermudez  Asphalt,  55°  penetration.  The 
mixing  was  done  at  the  Barber  Asphalt  Plant,  then  laid  at  a  tempera- 
ture of  220°  and  rolled  to  a  finished  depth  of  If  in.  with  a  10-ton 
roller. 
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Seal  Coat. — From  0  +  00  to  1  +  52,  ^  gal.  of  Asphaltic  Cement      Mr. 
per  sq.  yd.  was  apiiliod,  over  which  sand  was  spread. 

Cost  per  Square  Yard. 

Concrete  foundation, $0,689 

Surface  course 0.715 

Seal  coat 0.085 

81.489 

Detailed  Cost  per  Square  Yard. 
Concrete  Base,  4J  in.  thick. 

Per  square  yard. 

Labor $108.00  $0,219 

li^-in.  stone,  86cu.  yd.,  at$1.65 141.90  0.185 

Sand,  43    "      "      "     1.21 52.03  0.068 

Cement,        95  bbl..         "      1.35 128.25  0.167 

767  sq.  yd.,  at  $0.6:^9 $190.18  $0,639 

Labor. 


No. 

Hours. 

Rate. 

Totals. 

Foreman 

1 

22 

2 

1 
1 

24 

528 
48 
24 
24 

$5.00 
1.75 
1.75 
3.00 
6.00 

$15.00 
115.50 

10.50 

Timekeeper 

Team 

9.00 
18.00 

$168.(0 

Surface  Course, 
The  cost  was  about  71 J  cents  per  sq.  yd.,  estimated  from  the  cost 
of  Bronx  55°  penetration,  deducting  $27  for  the  difference  in  the  cost 
of  gravel  and  trap  rock. 

Field  Labor. 


Foreman  . . . 
Laborers  . . . 
Watchman.. 

Tampers 

Rakers 

•Smonthers. . 
Rollerman. . 
Timekeeper. 


No. 

1 

Hours. 

Rate. 

Totals. 

8 

$5.00 

$5.00 

12 

96 

1.75 

21.00 

1 

8 

1.75 

1.75 

4 

32 

2..50 

10.00 

3 

24 

2.50 

7.50 

2 

16 

2.00 

4.00 

1 

8 

4.50 

4.50 

1 

8 

3.00 

8.00 

767  sq.  yd.,  at  $0,074. 


$56.75 


Seal  Coat. 


Labor 

Chips.  5  cu.  vd.,  at  $1.9(i. 
Binder,  89  gal.,  at  $0.131 . 

3.59  s<i.  yd.,  at  S0.085 


$9.22 

9.50 

11.66 


$30.38 


Per  square  yard. 
$0,026 
0.027 
0.032  =  0.248  gal.  per  sq.  yd. 


$0,085 


Mr. 
Oonnell. 
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Labor. 


Foreman 

Pouring  asphalt. 

Squeegee 

Heating  asphalt. 
Carrying  asphalt 
Spreading  chips. 


No. 


Hours. 


Rate. 


85.00 
2.25 
2.25 
2.25 
2.25 
2.25 


Totals. 


$2.50 
1.68 
0.84 
0.84 
1.68 
1.68 


$9.22 


The  actual  time  of  laying  the  surface  course  was  8  hours,  or  an 
average  of  767  sq.  yd.  per  day.  The  actual  time  of  laying  the  seal  coat 
was  3  hours,  or  an  average  of  957  sq.  yd.  per  day. 

Section  Two:  3  +  25  to  6  +  50. 

Bituminous  Pavement  constructed  by  the  Mixing  Method  and  laid  in 
accordance  with  Borough  of  The  Bronx  Specifications. 

Foundation  Course. — This  consists  of  IJ-in.  crushed  trap  rock, 
thoroughly  rolled  with  an  18-ton  roller  to  a  finished  depth  of 
about  3f  in. 

Surface  Course  or  Paving  Mixture.- — The  paving  mixture  is  com- 
posed of  two  parts  of  crushed  trap  rock  passing  through  a  l|-in.  ring 
and  not  containing  more  than  5%  of  dust,  one  part  of  sand  and  7.4% 
by  weight  of  Berniudez  Asphalt,  55°  penetration.  The  mixing  was 
done  at  an  asphalt  plant,  and  the  paving  mixture  was  laid  at  a 
temperature  of  220°  and  rolled  to  a  finished  depth  of  2^  in.  with  a 
10-ton  roller. 

Seal  Coat.—Fxora.  3  +  25  to  4  +  78,  i  gal.  of  Asphaltic  Cement 
per  sq.  yd.  was  applied,  over  which  chips  were  spread  and  rolled. 

Cost  per  Square  Yard. 

Base  course $0,283 

Surface  course 0.751 

Seal  coat 0.081 


Detailed  Cost  per  Square  Yard. 


106.4  cu.  yd.  trap  rock,  at  $1.65. 
Labor 


$175.56 


Surface  Course. 


$1,115 


Per  square  yard. 

$0,229 

0.054 

$0,283 


Mixing  at  plant $110.48 


Labor. 

Hauling 

Asphalt  cement,  1  600  gal.,  at  $0,131. 
%-in.  stone...    54    cu.  vd.    "    1.25  . 

Sand 3054  '"   ""       "    0.75  . 

Dust 2  760  1b.  "    3.50  . 

Grit 3cu.  yd.    '•    1.25  . 

Coal 8  030  1b.  "    3.00  . 

767  sq.  yd.,  at  $0.751 


51.25 

93.84 

209.60 

67.50 

22.87 

4.83 

3.75 

12.05 

$576.17 


Per  square  yard. 

$0,144 

0.067 

0.122 

0.273  :=  2.09  gal.  per  sq.  yd. 
0.088 
0.030 
0.006 
0.005 
0.016 


$0,751 
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Field  Labor. 

Mr 
Connell 

No. 

Hours. 

Rate. 

Totals. 

Foreman 

1 

8 

I 
3 
1 
1 
1 

8 

64 

24 

32 

24 

8 

8 

8 

$5.00 
1.75 
1.75 
2.50 
2.50 
2.00 
4.50 
3.00 

$5.00 
14.00 
5.25 
10.00 
7.50 
2.00 
4.50 
3.00 

Rakers 

767  S(i   V.I..  at  «;0.067 

$51.25 

Labor 

Chips 3  ou.  yd. 

Asphalt  cement.  .95  jjal. 

Seal  C 
$' 

at  $1.90.. 

"      0.13..       IS 

■•      6. .50..         ] 

$2f 

0.\T. 

Per  square  yard. 
).52            $0,026 

.70              0.016 
J. 85               0.035  =  0 

.53               0.004 

.19             $0,081 

36  gal.  per 

sq.  yd. 

La  BO 

No. 

Hours. 

Rate. 

Totals. 

1 
1 
2 

11 
11 
23 

$1.75 
1.75 
1.75 

$2.. 38 
2.38 
4.76 

Spreading  chips 

$9.52 

Tlie  actual  time  of  laying  the  surface  course  was  8  hours,  or  an 
average  of  767  sq.  yd.  per  day. 

Section  Three:  6  +  50  to  8  +  00. 
Bituminous  Pavement,  Mixing  Method. 

Foundation  Course. — A  concrete  base  was  laid,  under  the  super- 
vision of  Mr.  C.  L  Williams,  of  Utica,  N.  Y.,  to  a  finished  depth  of 
4.^  in.;  li-in.  stone  was  spread  to  a  depth  of  6  in.,  then  screenings  and 
cement  mixed  dry  in  proportions  of  3:1  were  spread,  rolled,  and 
sprinkled  with  water.  The  operation  was  repeated  until  the  voids  were 
filled.    An  18-ton  roller  was  used. 

Paving  Mixture  or  Surface  Course. — The  paving  mixture  is  com- 
I>osod  of  2  parts  of  crushed  trap  rock  passing  through  a  l|-in.  ring 
and  not  containing  more  than  5%  of  dust,  1  part  of  sand,  and  8%  of 
Bermudez  asphalt,  55°  penetration.  The  mixing  was  done  at  an 
asjihalt  plant,  and  the  paving  mixture  was  laid  at  a  temperature  of 
220°  and  rolled  to  a  finished  depth  of  2  in.  with  a  10-ton  roller. 

Seal  Coat. — The  surface  course  was  painted  with  about  i  gal.  of 
Asphaltic  Cement  per  sq.  yd.,  over  which  chips  were  spread  and  rolled. 


Mr. 
Connell. 
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Cost  per  Square  Yard. 

Concrete  foundation $0,502 

Surface  course 0.90 

Seal  coat 0.08 


$1,482 


Detailed  Cost  per  Square  Yard. 
Concrete  Base,  4f  to  5  in.  thick. 


Labor 

IJ^-in.  stone 59     cu.  yd.,  at  $1.65 

Screenings 9.0  '•      "       "    1.65 

Cement 20^bbl.  "    1.35 

354  sq  yd.  at $0.45 

Spreading  IJ^-in.  stone 0.052 

Total $0,502 


$19.96 
97.35 
14.85 
27.34 

Pel 

square  yard 

$0,056 
0.275 
0.042 
0.077 

$159.50 


).45 


Labor. 


No. 

Hours. 

Rate. 

Totals. 

1 
5 

1 

9 

4;^ 

6 

$4.00 
2.25 
4.50 

$4.50 

12.09 

Rollernaan 

3.37 

$19.96 

Surface  Course. 


Mixing  at  plant $105.14 

Labor  in  field 32.06 

Hauling 40.80 

Asphalt  cement,  742.5  gal.,  at  $0.13  96.52 

Trap  rock 22.5cu.  vd.,  at  1.2.'S  28.12 

Sand 9.0       "'        "    0.75  6.75 

Dust 14401b.,         "    3.50  2.52 

Coal,  soft,  5  300  lb "    3.00  7.95 

"    hard,     400   " "    6.00  1.20 

354  sq.  yd.,  at  $0.907 $321 .06 


Cost 
per  square  yard. 

$0,297 
0.090 
0.115 
0.273  =  2.1  gal.  per  sq.  yd. 

0.079 
0.020 
0.008 
0.022 
0.003 

$0,907 


Field  Labor. 


No. 

Hours. 

Rate. 

Totals. 

1 

8 

1 

2 

3 

1      . 

1 

1 

6 
48 
6 
12 
18 
6 
6 
6 

$5.00 
1.75 
1.75 
2.50 
2.50 
2.00 
4.50 
3.00 

$3.75 
10  50 

Laborers 

Watchman 

1  81 

3  75 

5  62 

1  50 

3  38 

Timekeeper  

2  25 

354  sq.  yd.,  at  $0.090 

$32.06 
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Seal  Coat. 


Labor 

Chips 8  en.  yd.,  at  $1.90 

Asphalt  cement,  82.5  pal..      ••     0.13 
••      6.50 


Wood,  1^  cord. 

354  sq.  yd.,  at  $0,080. 


Per  square  vard. 
$8.80  $0,025" 

5.70  O.OKi 

10.72  0.030  =  0.23  gal.  per  sq.  yd. 

3.25  0.010 


.       $28.47 

Labor. 


$0,081 


Mr. 
Connell. 


Heatinp  asphalt. . 
Pourintr  asphalt. 
SpreuiliiiK  chips. 
Timekeeper 


No. 


Hours. 


Rate. 


$1.75 
1.75 
1.75 
3.00 


Totals. 


$1.31 
2.62 
2.62 
2.25 


$8.80 


The  actual  time  of  laying  the  surface  course  was  5  hours,  or  an 
average  of  454  sq.  yd.  per  day. 

Section  Four:  8  +  00  to  11  +  25. 

Bituminous  Pavement,  Mixing  Method,  laid  under  the  supervision  of 
the  Standard  Oil  Company. 

Foundation  Course. — This  consists  of  l^-in.  crushed  trap  rock 
thoroughly  rolled  with  an  18-ton  roller  to  a  finished  depth  of 
about  3|  in. 

Surface  Course  or  Paving  Mixture. — The  paving  mixture  consists 
of  the  following  mineral  aggregate  by  weight:  58%  of  |-in.  crushed 
trap  rock,  20%  of  f-in.  chips,  15%  of  sand,  and  7%  of  Standard  Oil 
Company's  Special  Asphalt  Binder.  The  binder,  stone,  and  sand  were 
heated  on  the  ground  and  mixed  by  hand  on  mixing  boards;  the  mix- 
ture was  spread  and  rolled  to  a  finished  depth  of  2.^  in.  with  an  18-ton 
roller. 

Seal  Coat. — From  9  +  95  to  10  +  66,  I  gal.  per  sq.  yd.  was  applied, 
over  which  chips  were  spread  and  rolled. 

Cost  per  Squ.vre  Yard. 

Base  course $0,283 

Surface  course 0.964 

HauliriK  binder 0.009 

Fuel 0.063 

Asphalt  and  stone  heaters 0.004 

$1,323 

Detailed  Cost  per  Square  Yahd. 

Base,  3|  in.  thick. 

Per  square  yard. 

106.4  cu.  yd.  trap  rock,  at  $1.6.5 $175.56  $0,229 

Labor 0.054 

$0,283 
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Surface  Course. 

Per  square  yard. 

Labor $368. 14  $0.4«0 

?i-in.  stone,  60  cu.  vd.,  at  $1.80..       108.00  0.140 

Chips,  18  cu.  yd.,  at  $1.90 34.20  0.045 

Sand,  12  cu.  yd.,  at  $1.21 14.52  0.019 

Binder,  2  688  gal.,  at  $0.08 215.04  0.280  =  3.5  gal.  per  sq.  yd. 

767  sq.  yd.,  at  $0.964 $739.90  $0,964 

Field  Labor. 


Foreman. . 
Spreading 
Mixing: 


Wheeling 

Heating  and  carrying  oil 

Heating  .stone 

Rollermen 


767  sq.  yd.,  at 


No. 


Hours. 


24 

48 

24 

48 

192 

108 

280 

96 

120 

235 

39 


Rate. 


$4.00 
4.00 
2.25 
2.25 
2.25 
2.25 
2.25 
2.25 
2.25 
2.25 
4.50 


Totals. 


$12.00 
24.00 
6.75 
13.50 
54.00 
30.37 
78.75 
27.00 
33.75 
66.09 
21.93 


$368.14 


During-  the  first  3  days  one  gang  worked;  during  the  last  3  days  I 
two  gangs  worked.  The  total  quantity  laid  was  767  sq.  yd.,  or  an  { 
average  of  85  sq.  yd.  per  day  per  gang.  ( 

Section  Five:  11  +  25  to  14  +  50. 

Bituminous  Pavement,  Mixing  Method,  laid  under  the  supervision  of 
the  Texas  Company. 

Foundation  Course. — This  consists  of  l^-in.  crushed  trap  rock, 
thoroughly  rolled  with  an  18-ton  roller  to  a  finished  depth  of  about 
3|  in. 

Surface  Course  or  Paving  Mixture. — The  paving  mixture  consists 
of  |-in.  trap  rock  and  6.7%  by  weight  of  Texas  Macadam  Binder. 
The  binder  was  heated  and  mixed  with  the  cold  stone  in  a  standard 
concrete  mixer  on  the  g-round.  The  paving  mixture  was  spread,  and 
rolled  with  an  18-ton  roller  to  a  finished  depth  of  2|  in. 

Seal  Coat.— Yrom  12  +  36  to  13  +  03,  a  seal  coat  of  Texas  55 
Special  (about  li  gal.  per  sq.  yd.)  was  applied,  over  which  chips  were 
spread  and  rolled. 

Cost  per  Square  Yard. 

Base  course $0,283 

Surface  course 0.721 

Tar  heater 0.001 

Fuel 0.021 

Hauling  binder 0.006 

$1,032 
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Detailkd  Cost  pkr  Square  Yard. 
Base,  3.^   in.  thick. 

Per  square  yard. 

108.6  cii.  yii.  trap  rock,  at  $1.65 $179.19  $0.22>.) 

Labor 0.0.54 

$0,283 

Surface  Course. 

Per  square  yard. 

Labor $182.86  $0.2:^4 

?i-in.  stone.  SI  cu.  yd.,  at  $1.80.         145.80  0.186 

Binder.  1  728  gal.,  at  $0. 12 207.36  0.265  =  2.2  gal.  per  sq.  yd. 

Concrete  mixer  irent),?  days, 

at  SI. 00 28.00  0.036 

782sq.  yd..  at$0.721 $564.02  $0,721 

Field  Labor. 


Mr. 
Connell. 


Foreman 

Spreading 

Feeding  mixer. . 

Wlieeling 

Heating  binder. 

Rollernian 

Mixer  engineer. 


No. 


Hours. 


44 
90 
171 
132 
25 
48 
9 
44 


Rate. 


$4.00 
2.25 
2.25 
2.25 
2.25 
2.25 
4.50 
4.50 


Totals. 


$22.00 
25.31 
48.09 
37.12 

7.03 
13.50 

5.06 
24.75 


7»2sq.  yd.,  at$0.234. 


$182.86 


The  actual  time  of  laying  the  surface  course  was  5  days  and  4 
hours,  or  an  average  of  142  sq.  yd.  per  day. 

Section  Six:  14  +  50  to  17  +  75. 
Amiesite,  laid  under  the  supervision  of  the  Amiesite  Company. 
Foundation    Course. — This    consists    of    li-in.    crushed    trap    rock 
and  sufficient  screenings  to  fill  the  voids.     This  was  spread,  and  tlicn 
rolled  witli  an  18-ton  roller  to  a  finished  depth  of  3J  in. 

Surface  Course  or  Paving  Mixiure. — The  paving  mixture  was 
shipped  from  the  Amiesite  plant,  and  laid  in  two  courses:  the  first 
course  was  composed  of  l^-in.  stone  witli  binder,  etc.;  laid  and  rolled 
to  a  finished  depth  of  2  in.  The  second  or  wearing  course  was  com- 
posed of  f-in.  stone,  binder,  etc.,  laid  and  rolled  to  a  finished  depth  of 
1  in.  The  paving  mixture,  therefore,  had  a  finished  depth  of  3  in.  An 
18-ton  roller  was  used. 

Cost  per  Square  Yard. 

Base  course $0,829 

Surface  Course- 
Labor,  spreading 0.1.55 

"        unloading 0.132 

Hauling 0.179 

$0,795* 

*  Does  not  include  cost  of  Amiesite. 
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Detailed  Cost  per  Square  Yard. 
Base,  3J  in,  thick. 


106.4  cu.  yd.  trap  rock,  at  $1 .65 

21.3    "    "     screenings,  at  $1 .  65 

Labor  

Surface  Course 
Field  Labor. 

$175.56 
35.11 

Per  square  yard. 
$0,229 
0.046 
0.054 

$0,329 

No. 

Hours. 

Rate. 

Totals. 

1 
17 

21 

356 

15 

$4.00 
2.85 
4.50 

$10.. 50 

100.12 

Rollerman 

1 

8.43 

766  sq  yd    at  $0  155 

$119.05 

$2 

47 

$0.0C3persq.  yd. 

Labor  Unloading  12  Cu.  Yd.  Amiesite  from  Railroad  Cars. 


No. 

Hours. 

Rate. 

Totals. 

1 
9 

34 
29T 

$4.00 
2.85 

$17.00 

83.90 

766  sq   yd    at  $0  132                                                                                                        

$100.90 

Hauling  from  Railroad  Depot. 


No. 

Hours. 

Rate. 

Totals. 

$5.00 

r       3 

15 

$9.38 

7 

56 

5.00 

35.00 

9 

27 

5.00 

16.88 

Teams 

6 

8 

21 
52 

5.00 
5.00 

13.12 
32.50 

3 

18 

5.00 

7.50 

3 

24 

5.00 

15.00 

4 

13 

5.00 

8.12 

766  sq.  yd.,  at  $0. 179 

$137.50 

The  actual  time  of  laying  the  surface  course  was  2  days  and  4 
hours,  or  an  average  of  306  sq.  yd.  per  day.  The  material  was  very 
hard,  due  to  the  length  of  time  it  remained  in  the  cars,  making  the 
work  of  unloading  from  the  cars  and  laying  the  surface  very  difficult. 
Under  favorable  conditions  the  labor  should  be  reduced  by  YO  per  cent. 
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Skction  Seven:  17  +  75  to  20  +  67. 
Sicilian  Asphalt,  laid  by  the  Sicilian  Asphalt  Company. 

Foundation  Course. — This  consists  of  l^-in.  crushed  trap  rock, 
rolled  with  an  IS-ton  roller  to  a  finished  depth  of  4^  in. 

Surface  Course  or  Paving  Mixture. — The  paving  mixture  is  called 
"Asphalto,"  and  was  mixed  at  the  Sicilian  Asphalt  Company's  plant, 
hauled  to  Wliite  Plains  Avenue  and  spread.  The  paving  mixture  was 
not  rolled  until  comparatively  cool,  and  then  a  Sicilian  Asphalt  10-ton 
grooved  roller  was  used.  The  finished  depth  was  li  in.  A  light  layer 
of  cement  was  then  sprinkled  over  the  surface. 

Cost  per  Square  Yard. 

Base  course $0,382 

Surface  course- 
Field  labor 0.030 

Cement 0.001 

Hauling 0.087 

$0,500* 

Detailed  Cost  per  Square  Yard. 
Base,  4J  in.  thick. 

Per  square  yard. 

129.9  cu.  v(l.  trap  rock,  at  $1.65 $214.33  $0,299 

13.0    ■•     "    screenings,  at  $1.65 21.40  0.029 

Labor 0.054 

$0,382 

Surface  Course. 
Field  Labor. 


Mr. 
Connell. 


Foreman 

Spreading 

Rakers... 

Spreading  cement. 
Rollerman 


No. 


Hours. 


Rate. 


$5.00 
1.75 
2.50 
1.75 
4.50 


718  sq.  yd.,  at  $0.030 

Cement,  2J4  bags,  at  $1.35  per  bbl 


$0,840 


$0,001  per  sq.  yd. 


Totals. 


$3.12 

10.93 

3.12 

1.31 

3.. 37 


$21.85 


Hauling. 

19  loads,  at  $3.25 $61.75  $0,087  per  sq.  yd. 

The  actual  time  of  laying  the  surface  course  was  5  hours,  or  an 
average  of.  1148  sq.  yd.  per  day. 

Section  Eight:  20  +  67  to  22  +  75. 

Bituminous  Pavement,  Mixing  ]\rethod,  laid  under  the  supervision  of 

the  Barrett  Manufacturing  Company. 

Foundation  Course. — This  consists  of  li-in.  crushed  trap  rock  and 

screenings,  rolled  with  an  18-ton  roller  to  a  finished  depth  of  3|  in. 

*  Cost  of  Asphalto  not  included. 
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Surface  Course  or  Paving  Mixture. — The  paving  mixture  consists 
of  3  parts  of  |-in.  crushed  trap  rock,  1  part  of  chips  and  6^%  by 
weight  of  Tarvia  X.  The  stone  and  Tarvia  X  were  heated  on  the 
ground  and  mixed  by  hand  on  mixing  boards,  spread,  and  rolled  with 
an  18-ton  roller  to  a  finished  depth  of  2|  in. 

Seal  Coat. — About  0.6  gal.  per  sq.  yd.  of  Tarvia  X  was  applied, 
over  which  chips  were  spread  and  rolled. 

Cost  per  Square  Yard. 

Base  course $0,805 

Surface  course 0.913 

Seal  coat 0.137 

Hauling  binder 0.009 

Tar  and  stone  heaters O.OOa 

Fuel 0 .  063 

$1,429 

Detailed  Cost  per  Square  Yard. 

Base,  3|  in.  thick. 

Per  square  yard. 

68.1  cu.  yd.  trap  rock,  at  $1.65 $112.36  $0,329 

6.8"    '•     screenings,  at  $1.65 11.23  0.022 

Labor 0.054 

$0,305 

Surface  Course. 

Per  square  yard. 

Labor $206.60  $0,421 

l^in.  stone,6cu.  yd.,at$1.65.  9.901  „  „„ 

%in.      "     43      "          "      1.80.  77.40  f  "•^'' 

Chips,           14      "          "      1.90.  26.60  0.054 

Binder,  1  344  gal.,  at  0.095 127.68  0.261  =  2.7  gal.  per  sq.  yd. 

491  sq.  yd.,  at  $0.913 $448.18  $0,913 

Field  Labor. 


Foreman 

Spreading 

Mixing 

Wheeling 

Heating  binder. 

Heating  stone. . 

Rollerman 


No. 


Hours. 


43 
42 
169 
142 
94 
150 
29 
17 


Rate. 


$4.00 
2.25 
2.25 
2.25 
2.25 
2.25 
2.25 
4.50 


Totals. 


$21.00 
11.81 
47.53 
89.93 
26.43 
43.19 
8.15 
9.56 


491  sq.  yii.,  at  $0,421. 


$206.60 


Seal  Coat. 


Labor 

Chips,  3.5  cu.  yd.,  at  $1 .90. 
Binder,  288  gal.,  at  $0.095. . 

491  sq.  yd.,  at  $0.137 


$33.24 

6.65 

27.36 

$67.25 


Per  square  yard. 

$0,068 
0.014 
0.055  —  0.58  gal.  per  sq.  yd. 


.137 
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Labor. 


Foreman 

Pourinir  binder 

Siiuet'tree 

Heatitic  iiiui  carrying  binder 

Spreading  chips 

Wheeiinfj  ami  heating  chips. 
RollerniHu 


No. 


Hours. 


Bate. 

$4.00 

2.25 

2.25 

2.25 

2.25 

2.25 

4.50 

Totals. 


$4.00 
2.25 
2.25 
7.31 
4.50 
9.00 
3.93 


$33.24 


The  actual  time  of  laying  the  surface  course  was  6  days  and  2 
hours,  or  an  average  of  78^  sq.  yd.  per  day.  The  actual  time  of  laying 
the  seal  coat  was  1  day,  or  an  average  of  491  sq.  yd.  per  day.  The 
chips  required  heating,  as  they  were  wet  and  cold. 

Section  Nine  :  22  +  75  to  24  +  50. 
Bituminous  Pavements,  Mixing  Method. 

Foundation  Course. — This  consists  of  1^-in.  crushed  trap  rock  and 
screenings,  spread  and  rolled  to  a  finished  depth  of  3|  in. 

Surface  Course  or  Paving  Mixture. — From  22  -|-  75  to  23  +  02, 
tlie  binder  consists  of  a  mixture  of  tar  and  10%  of  refined  Bermudez 
asphalt.  From  23  +  02  to  24  +  00,  the  binder  consists  of  a  mixture 
of  tar  and  15%  of  Bermudez  asphalt  of  60°  penetration.  From  24  +  00 
to  24  +  40,  the  binder  consists  of  a  mixture  of  tar  and  15%  of  Ber- 
mudez apshalt  of  110°  penetration.  From  24  +  40  to  24  +  50,  Ber- 
mudez asphalt  of  110°  penetration  was  used  for  a  binder.  The  paving 
mixture  consists  of  3  parts  of  |-in.  stone,  1  part  of  chips,  and  7%  by 
weight  of  bitumen.  The  stone  and  binder  were  heated  on  the  ground, 
mixed  by  hand  on  mixing  boards,  spread,  and  rolled  with  an  18-ton 
roller  to  a  finished  depth  of  2|  in. 

Seal  Coat. — About  0.6  gal.  of  asphalt  per  sq.  yd.  was  applied,  over 
which  chips  were  spread  and  rolled. 

Cost  per  Square  Yard. 

Base  course $0,305 

Surface  course 1 .034 

Seal  coat 0.146 

Fuel 0.063 

Hauling  binder 0.009 

Tar  and  stone  heaters 0.002 

Mixing  binder 0.076 

$1.P35 

Detailed  Cost  per  Square  Yard. 
Base,  3|  in.  thick. 

Per  square  yard. 

57.8  cu.  yd.  trap  rock,    at  $1  65 $94.54  $0,229 

5.7   ••      ■•    screenings,   "    1.65 9.45  0.022 

Labor 0.054 

$0,305 


Mr. 
Connell. 
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Surface  Course. 


Labor $197.84 

1^-in.  stone,       5  cu.  yd.,  at  81.65  .  8.25  I 

^-in.      "          37    "      ••      "      1.80  .  66.60) 

Chips,                  12 1.90  .  22.80 

Binder,           lllSgal.,        '•      0.118.  131.57 


413  sq.  yd.,  at  $1.034 $437.06 

Field  Labor. 


Per  square  yard. 
$0,479 

0.181 

0.0.55 

0.319  =  2.7  gal.  per  sq.  yd. 

$1,034 


Foreman 

Spreading 

Mixing 

Wheeling 

Heating  binder. 

RoUerman 


No. 


Hours. 


47 
46 
184 
146 
192 
18 
17 


Rate. 


$4.00 
2.25 
2.25 
2.25 
2.25 
2.25 
4.50 


Totals. 


$23.50 
12.93 
51.75 
41.06 
53.98 
5.06 
9.56 


413  sq.  yd.,  at  $0,479. 


$197.84 


Seal  Coat. 

Labor $23. 50 

Chips,  3  cu.  yd.,  at  $1.90  5.70 

Binder,264  gal.,  at$0.118 31.15 

413  sq.  yd.,  at  $0.146 $60.35 


Per  square  yard. 

$0,056 
0.014 
0.076  =  0.64  gal.  per  sq.yd. 

$0,146 


Labor,  Mixing  Tar  and  Asphalt  on  Ground. 


Foreman 3  hours 

Laborers 2  men,    9  hours. 

3-24   "  . 


$1.50 
2.53 
6.75 


288  gal.,  at  $0.037 $10.78 

This  labor  included  part  of  two  days,  requiring  heating  up  twice 
and  emptying  from  kettles  to  barrels  for  future  use.  The  material 
should  be  mixed  as  used,  requiring  only  an  extra  kettle  kept  hot,  with 
asphalt  in  it  ready  to  mix. 

Labor. 


Foreman 

Pouring 

Squeegee 

Heating  and  carrying  binders. 

Spreading  chips 

Wheeling  and  heating  chips. . . 
RoUerman 


No. 


Hours. 


Rate. 


$4.00 
2.25 
2.25 
2.25 
2.25 
2.25 
4.50 


Totals. 


$3.00 
1.68 
1.68 
5.34 
3.37 
5.62 
2.81 


Total 

Mixing  binder  at  plant,  $31 .56  : 


).076  per  sq.  yd. 


$23.50 
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The  cost  of  this   section   is  high  because   the   work   was  not  con-      Mr. 
tinuous,  due  to  waiting  for  binder  and  also  due  to  cold  weather,  which  '^'^"'isll. 
made  the  stone  harder  to  heat.     The  chips  were  wet  and  cold,  and 
required  heating. 

The  actual  time  of  laying  the  surface  course  was  6  days,  or  an 
average  of  69  sq.  yd.  per  day.  The  actual  time  of  laying  the  seal 
coat  was  6  hours,  or  an  average  of  551  sq.  yd.  per  day. 

Section  Ti:n  :  24  +  50  to  27  +  97. 
Bituminous  Pavement,  Mixing  Method. 

Foundation  Course. — This  consists  of  l^-in.  crushed  trap  rock  and 
screenings,  spread  and  rolled  to  a  finished  depth  of  3|  in. 

Surface  Course  or  Paving  Mixture. — The  paving  mixture  consists 
of  3  parts  of  |-in.  trap  rock,  1  part  of  §-in.  trap  rock  chips,  and  6% 
by  weight  of  refined  tar.  The  binder  and  stone  were  heated  on  the 
ground,  and  mixed  by  hand  on  mixing  boards,  spread,  and  rolled  with 
an  18-ton  roller  to  a  finished  depth  of  2|  in.  The  binder  used  was 
refined  tar  made  up  in  accordance  with  specifications  drawn  up  by 
the  Office  of  Public  Roads,  of  the  United  States  Department  of  Agri- 
culture. 

Seal  Coat. — About  0.6  gal.  per  sq.  yd.  was  applied,  over  which 
chips  were  spread  and  rolled. 

Cost  per  Square  Yard. 

Base  course $0,305 

Surface  course 0.868 

Seal  coat 0. 135 

Fuel 0. 063 

Haulinp  binder 0.008 

Tar  and  stone  heaters 0.003 

$1,382 

Detailed  Cost  per  Square  Yard. 

Base,  3|  in.  thick. 

Per  square  yard. 

113.6  cu.  yd.  trap  rock,  at  $1.65 $187.44  $0,229 

11.3    "      '■  screenings,  "     1.65 18.74  0.022 

Labor 0.054 


$0,305 


Surface  Course. 


Per  square  yard. 

Labor $308.91  $0.-377 

5-4-lD.  stone.  82.5  cu.  yd.,  at  $1.80....       148.50  0.181 

Chips,  27.5  cu.  yd.,  at  $1.90 52.25  0.064 

Binder,  2  016  gal.,  at  $0.10 201.60  0.216  =  2.46  gal.  per  sq.  yd. 

819  sq.  yd.,  at  $0.868 $711.26  $0,868 
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Mr. 
Connell. 


Field  Labor. 


Foreman 

Spreading 

Mixing 

Wheeling  stone. 

Heating  stone. . 

Heating  tar 

Rollerman 


No. 


819  sq.  yd.,  at  i 


52 
20 
63 

201 
99 

140 
36 

200 

176 
23 
24 


Rate. 


$4.00 
2.25 
2.25 
2.25 
2.25 
2.25 
2.25 
2.25 
2.25 
2  25 
4.50 


Totals. 


$26.00 
5.62 
17.71 
56.53 
27.84 
39.37 
10.12 
56.25 
49.50 
6.47 
13.50 


$308.91 


Seal  Coat. 

Labor $50.89 

Chips,  6.0  eu.  yd.,  at  $1.90 11.40 

Binder,  480  gal.,       "     O.lO 48.00 

819  sq.  yd.,  at  $0.135 $110.29 

Labor. 


Per  square  yard. 

$0,063 
0.014 
0.059  =  0.59  gal.  per  sq.  yd. 

$0,135 


Foreman 

Boring 

Squeegee 

Heating  tar 

Carrying  tar 

Spreading  chips. 
Wheeling  chips. . 
Rollerman 


No. 


Hours. 


819  sq.  yd.,  at  $0,062. 


Rate. 


$4.00 
3.25 
2.25 
3.35 
3.25 
8.35 
3.25 
4.50 


Totals. 


$4.50 
2.81 
3.81 

15.18 
9.84 
2.53 
8.73 
4.50 


$50.89 


The  actual  time  of  laying  the  siu-face  course  was  6  days  and  4 
hours,  or  an  average  of  126  sq.  yd.  per  day.  The  actual  time  of  lay- 
ing the  seal  coat  was  1  day  and  2  hours,  or  an  average  of  655  sq.  yd. 
per  day.    The  chips  were  not  heated. 


Cost  of  Base  Course,  Fuel,  Hauling  Binder,  Tar  Kettles,  Stone 

Heaters,  Etc. 

3^-in.  Macadam  Base.  Per  square  yard. 

379.5  cu.  yd.  li^-in.  trap  rock,  at  $1.65 $626.17  $0,339 

37.9    "    "                screenings,'-     1.65 62.61  0.023 

Labor 0.054 

2  733  sq.  yd $0,305 
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S^l^-in.  Maciidam  Base.  Per  square  yard.  Mr 

221.3  cu.  vd.  IJ^in.  trap  rock,  at  Sl.O") S365.14  $0,229  Connell 

44.2"    ""  sereeuiugs,  •'      1.C5 7S.02  0.046 

Labor 0.054 

1592  sq.  yd $0,329 

3?^-in.  Macadam  Base.  Per  square  yard. 

321.4  cu.  yd.  li^-in.  trap  rock,  at  $4.165 $.530.31  $0,229 

Labor 0.054 

2  316  sq.  yd $0,283 

41.^-in.  Macadam  Base.  Per  square  yard. 

129.9  cu.  yd.  lK»-in.  trap  rock,  at  $1.05 $214.33  $0,299 

13.0    ••    ••  screenings,"      1.65 21.43  0.029 

Labor 0.054 

718  sq.  yd $0,382 

4^-in.  Macadam  Base.  Per  square  yard. 

59  cu.  yd.  IV^-in.  trap  rock,  at  $1.65 $97.35  $0,275 

Labor 0.051 

354  sq.  yd $0,329 

Spreading  Base  Course. 

Foreman,      98  hours,  at  50     cents $49.00 

Laborers,  1  149     "       "    28}^    "      323.15 

Rollerman,    82     "       '•    56J4    "      46.12 

7  713  sq.  yd.,  at  $0.054 $418.27 

Fuel. 

41  cords,  at  $6 . .50 $266 .50 

SI1.04H  per  sq.  yd.  on  5  568  sq.  yd. 
Estimated:  $0.(121  per  sq.  yd.  for  penetration  and  mixing  with  cold  stone. 
$0,063    "    ' mixing  with  hot  stone. 

The  heating  surface  required  to  heat  the  stone  was  twice  the  area 
of  that  required  to  heat  the  tar  and  asphalt,  therefore  the  mixing 
jobs  when  the  stone  was  heated,  required  three  times  the  quantity  of 
wood  u.sed  on  penetration  or  cold  stone  sections,  when  the  binder  only 
was  heated. 

Hauling  Binder. — The  cost  of  hauling  12  000  gal.  was  $93.70  = 
.$0.0078  per  gal.,  the  cost  for  the  same  haul  should  be :  5  loads  ^=  500  gal. 
X  5  =  2  500  gal.  per  day,  at  $().50  =  $0.0026  per  gal. 

Tar  Kettles  and  Stone  Healers. — Tar  kettles  cost  about  $100;  their 
life  is  10  years.  Interest  at  4%  for  10  years,  plus  sinking  fund  = 
$8,006  per  year  for  10  years  =  $120.06.  The  total  cost  is  $120.06  for 
10  years  =  $12,006  per  year;  120  working  days  =  10  cents  per  day. 

Stone  heaters  of  flat  plates  cost  about  $15.00;  their  life  is  10  years; 
interest  at  4%  for  ton  years,  plus  sinking  fund  =  $1.20  per  year 
for  10  years  =  $18.00.  Total  cost  $1.80  per  year;  120  working  days 
=  li  cents  per  day. 


Mr. 
Connell. 
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Table  of  Temperatures. 


Pavement. 


Barber  Asphalt. 


Bronx  Asphalt,  55. 


Bronx  Asphalt. 


S.  O.  Mixture. 


Texas  Oil  Mix. 


Amiesite , 


Sicilian  Asphalt. 


Tarvia  Mixture  , 


(Flush  Coat) 

Tar  and   Asphalt  Mix- 
ture   


U.  S.  Tar. 


Date. 


Sept.  29,  '10. 


Begun  . . .  ( 
Finished  .  ( 


Sept.  30, '10.    Begun... 
Oct.  1, '10.     Finished.. 

Oct.  14,  '10.    Begun  . . . 
Oct.  15,  '10.     Finished. 

Nov.  9. '10.    Begun.... 

Nov.  10,  '10 

Nov.  11,  '10 

Nov.  12,  '10 

Nov.  14,  '10 

Nov.  15,  '10.    Finished 

Oct.  5, '10.    Begun.... 

Oct.  6,  '10 

Oct.  8,  '10 

Oct.  10, '10 

Oct.  11, '10 

Oct.  13, '10 

Oct.  14. '10 

Oct.  15,  '10.    Finished. 

Nov.  7,  '10     Begun 

Nov.  9,  '10 

Nov.  10, '10 

Nov.  11,  '10.    Finished 

Oct.  19,  '10.    Begun... 
Oct.  21,  '10.     Finished, 

Oct.  26,  '10.    Begun  ... 

Oct.  27, '10 

Oct.  28, '10 

Oct.  29, '10 

Oct.  31, '10 

Nov.  1,  '10.    Finished  . 

Nov.  10, '10 

Nov.  11, '10 

Oct.  20, '10.     Begun... 

Oct.  27, '10 

Oct.  31,  '10 

Nov.  1,'10 

Nov.  2,  '10 

Nov.  7,  '10 

Nov.  9,  '10 

Nov.  10, '10 

Oct.  21, '10.     Begun.. 

Oct.  22, '10 

Oct.  24, '10 

Oct.  25, '10 

Oct.  26,  '10 

Oct.  27, '10 

Oct.  2H,  '10 

Oct.  29, '10 

Oct.  31,  '10.     Finished 


Temperature. 


A.  M.         12  NOON.         3  P.  M 


CO 

61 

39 
48 
44 
35 
38 
33 

71 
72 
54 
56 
59 
48 

eo 

61 

34 
39 

48 
44 

59 
55 

49 

58 
54 
44 
40 
44 
48 
44 

49 
58 
40 
44 
52 
34 


65 


65 
57 

54 
65 
55 
48 
49 
53 
54 
48 

54 
65 
49 
53 
57 
40 
45 
54 

57 
53 
54 
60 
54 
65 
55 
48 
49 


Weather. 


67 

Clear. 

67 

Hazy. 

Clear. 

69 

Fair. 

Cloudy. 

46 

Cloudy. 

55 

Clear. 

43 

Cloudy. 

Cloudy. 

43 

Cloudy. 

40 

Cloudy. 

76 

Cloudy. 

79 

Clear. 

Cloudy. 

52 

Clear. 

69 

Clear. 

55 

Clear. 

69 

Fair. 

Cloudy. 

43 

Clear. 

46 

Cloudy. 

55 

Clear. 

43 

Cloudy. 

68 

Clear. 

59 

Cloudy. 

56 

Clear. 

67 

Cloudy. 

56 

Clear. 

Clear. 

53 

Clear. 

56 

Clear. 

55 

Clear. 

43 

Cloudy. 

56 

Clear. 

67 

Cloudy. 

53 

Clear. 

56 

Clear. 

60 

Cloudy. 

43 

Clear. 

46 

Overcast 

55 

Clear. 

59 

Cloudy. 

Rain. 

56 

Clear. 

eo 

Cloudy. 

56 

Clear. 

67 

Cloudy. 

56 

Clear. 

Clear. 

53 

Clear. 

Papers.]      DISCUSSION  :   ROAD  CONSTRUCTION   AND  MAINTENANCE     413 
Traffic  Census,  White  Plains  Road.     Taken  Between  the  Hours      Mr. 

CoDuell. 
OF   6   A.   M.    AND   9   P.    M. 


Friday, 

January  6th, 

1911. 


Saturday, 

Jaiiuarv  ~th, 

nil']. 


Sunday,     i     Monday, 

January  8tb,  January  9th, 

1911.  1911. 


Horse  without  vehicle 

Horse  vehicle,  light 

Horse  vehicle,  heavy 

2  horse  vehicle,  light 

2  horse  veliicle,  heavy 

3-horse  vehicle 

4horse  vehicle 

-passenger  car 

4  or  5-passenger  ear 

()-  or  "-passenger  car 

Freight  truck,  omnibus,  etc 

Fraction  engine 

2-traction  engine 

Miscellaneous  heavy  traffic  , 


15 

48 
5 

38 
1 
4 
2 

12 
9 

17 


1 
36 
51 

8 
59 

3 

5 

27 

12 

21 


2 
84 

48 
6 
45 


18 
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EXPERIMENTS  ON  RETAINING  WALLS  AND 
PRESSURES  ON  TUNNELS. 

Discussion.* 


By  J.  R.  Worcester,  M.  Am.  Soc.  C.  E. 


Mr.  J.  R.  Worcester,  M.  Am.  Soc.  C.  E.  (by  letter). — In  reading  Pro- 

fessor Cain's  admirable  paper  relating  to  experiments  on  retain- 
ing walls,  the  writer  has  looked  in  vain  for  a  word  of  caution  as  to 
the  effect  which  time  plays  in  modifying  the  condition  of  equilibrium 
within  a  mass  of  earth.  The  author  evidently  considers  it  necessary  to 
allow  (by  using  a  factor  of  safety)  for  a  possible  lessening  of  the 
angle  of  friction  on  account  of  a  change  in  the  amount  of  moisture, 
and  possible  vibrations,  but  states  that  in  a  great  majority  of  cases 
the  greatest  thrust  will  occur  where  the  earth  has  been  recently 
deposited.  It  would  appear  that  he  neglects  a  possibility,  if  not  a 
probability,  of  a  readjustment  of  the  earth  particles  through  the  influ- 
ence of  time,  by  which  the  angle  of  friction  is  lessened  if  not  wholly 
cancelled. 

The  theory  that  cohesion  in  the  earth  and  frictional  resistance  on 
the  back  of  the  retaining  wall  account  for  the  experimental  results 
seems  indisputable,  but  such  experiments  mvist  needs  be  carried  through 
in  a  reasonable  time,  and,  in  that  respect,  at  least,  must  needs  differ 
from   actual  constructions  which  are  intended   to  be  permanent. 

It  is  well  known  that  unbraced  excavations  can  often  be  carried 
vertically  to  considerable  depths  in  safety,  but  that  not  infrequently — 
as  many  have  learned  to  their  sorrow — such  unbraced  banks  have  sub- 
sequently caved  in.     The  slides  in  the  Culebra  cut  may  be  mentioned 

♦This  discussion  (of  the  paper  by  William  Caia.  M.  Am.  Soc.  C.  E.,  published  in 
Proceedings  for  January,  1911,  but  not  presented  at  any  meeting),  is  printed  in  Proceed- 
ings in  order  that  the  Views  expressed  may  be  brought  before  all  members  for  further 
discussion 
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as  a  similar  illustration.     To  be  sure,  the  delayed  motion  of  the  eartli       Mr. 
(or  rock)   may  be  attributed  to  the  effect  of  moisture,  but  that  does  ^<"'ce8ter- 
not  invalidate  the  argument,  as  one  always  has  to  reckon  with  water. 

It  is  also  a  matter  of  common  knowledge  that,  in  braced  excava- 
tions, the  pressure  on  the  sheeting  and  bracing  frequently  increases 
in  time  to  an  extent  enormously  exceeding  the  original  pressure.  In 
many  instances  this  has  caused  a  failure  long  delayed. 

Another  instance  of  the  effect  of  time  is  found  in  many  retain- 
ing walls,  in  which  a  very  slow  motion  has  occurred,  though  the 
walls  appeared  to  be  entirely  stable  when  first  built. 

A  frictional  or  tangential  force  along  the  back  of  the  wall  may 
tend  to  prevent  motion,  but  it  is  difficult  to  conceive  of  this  tangential 
foi'ce  being  perpetually  present  on  the  back  of  a  stationary  wall  after 
the  back-filling  has  become  settled  and  consolidated.  In  the  interior 
of  the  mass  of  earth  at  rest  the  author  admits  that  the  reaction  be- 
tween particles  is  not  along  inclined  lines,  but  rather  that  the  lines 
of  pressure  are  vertical  and  horizontal.  The  vertical  lines  of  force 
are,  of  course,  caused  by  gravity,  and  the  horizontal  lines  by  the 
tendency  of  particles  to  wedge  in  between  those  below  and  to  spread 
them. 

If  this  conception  of  the  forces  within  a  mass  of  earth  is  reason- 
able, it  would  seem  as  if  it  might  also  be  extended  to  the  pressure 
against  an  immovable  vertical  wall.  One  must  then  consider  whether 
it  is  possible  for  a  horizontal  pressure  to  cavise  the  wall  to  move, 
without  changing  the  conditions  and  introducing  the  inclined  stresses. 
It  would  seem  within  the  bounds  of  possibility  that  a  very  minute 
motion  might  be  produced,  and  that  this  would  be  followed  by  a 
readjustment  of  stresses  in  the  earth  by  which  the  forces  would  gradu- 
ally resume  the  horizontal  direction.  ^ 

The  nature  of  the  soil  undoubtedly  has  much  to  do  with  this  ques- 
tion. In  some  kinds  of  clay  there  appears  to  be  a  sort  of  viscosity,  such 
as  is  frequently  seen  in  pitch  and  other  materials,  or  a  tendency  toward 
a  slow  flowing.  No  amount  of  pressure  would  cause  a  sudden  motion, 
but  time  will  effect  a  motion  under  a  slight  pressure  or  even  the  force 
of  gravity  alone.  It  appears  that  this  condition  is  produced  by  the 
very  minute  particles,  each  moving  individually  into  a  position  in 
which  the  surrounding  forces  balance.  If  one  cuts  a  vertical  face 
in  such  material  one  cannot  force  the  exposed  particles  out  of  their 
position  by  crowding  them  from  behind,  but  each  in  its  turn  will 
feel  the  pressure  unbalanced  and  will  slowly  move  out.  This  may  not 
be  true  to  the  same  extent,  with  granular  materials  of  large  diameter, 
but  a  familiar  instance  is  seen  in  fine  wet  sand.  If  a  small  excava- 
tion is  dug  in  a  wet  beach  sand,  the  banks  will  stand  vertically  at  first, 
but,  by  watching  closely,  one  may  see  the  particles,  beginning  at  the 
foot  of  the  bank   where   there  is  most  water,  gradually  moving  out. 
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Mr.         overcoming'  the  force  of  cohesion,  and  ever  tending  to  seek  a  condi- 


Worcester. 


tion  with  a  level  surface.  It  seems  quite  likely  that  a  similar  tendency 
would  exist  in  almost  all  soils,  to  greater  or  less  degree,  though  per- 
haps it  might  be  safely  neglected  in  a  mass  of  hard,  irregularly-shaped 
fragments  of  stone  which  could  interlock. 

The  point  which  the  writer  wishes  to  make  is  that  a  word  of  cau- 
tion should  accompany  this  argument  for  the  frictional  and  cohesive 
forces;  that  they  cannot  always  be  relied  on;  and  that  sometimes 
the  Rankine  theory  may  be  better  than  the  wedge  theory  in  design- 
ing, even  though  it  does  not  seem  to  fit  the  experimental  results. 

Another  warning  may  not  be  amiss,  in  considering  the  safe  thick- 
ness to  allow  for  retaining  walls,  and  that  is  the  effect  of  frost,  where 
the  surface  of  the  ground  is  level  and  likely  to  retain  moisture.  The 
swelling  force  of  freezing,  under  these  circumstances,  may  be  more 
than  sufficient  to  overcome  the  beneficial  effects  of  both  cohesion  and 
friction.  Presumably  this  must  be  provided  for  in  the  "factor  of 
safety,"  and  is  in  itself  a  justification  for  a  very  appreciable  factor. 

It  may  be  well  to  emphasize  the  fact  that  a  large  part  of  the 
author's  assumed  factor  of  safety  seems  to  be  absorbed  in  keeping 
the  resultant  within  the  middle  third  of  the  base.  The  proportions 
between  width  of  wall  and  height,  determined  on  pages  77  and  78,* 
are  such  as  to  keep  this  resultant  just  within  the  base.  If,  with 
these  same  proportions  of  wall,  the  factor  were  assumed  so  that  the 
resultant  were  within  the  middle  third,  it  would  be  found  to  be  nearer 
1|  than  3.  The  author's  statement  on  page  79,*  that  he  "does  not 
advocate  the  middle-third  limit  method  in  design,"  is  not  wholly  clear, 
but  the  implication  is  that  the  resultant  should  be  well  within  this 
limit.  In  this  case,  it  seems  as  if  the  factor  of  safety  would  be  wholly 
absorbed  in  thus  locating  the  resultant,  and  would  leave  nothing  for 
other  elements  of  uncertainty. 

*  Proceedings,  Am.  Soc.  C.  E.,  for  January,  1911. 
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WATER  PURIFICATION  PLANT,  WASHINGTON,  D.  C. 

RESULTS  OF  OPERATION. 

Discussion.* 


By  Messrs.  Allen  Hazen,  George  A.  Johnson,  Morris  Knowles, 
AND  George  C.  Whipple. 


Allen  Hazkn,  M.  Am.  Soc.  C.  E.  (by  letter). — This  paper  contains     Mr. 
a  most  interesting  and  instructive  record  of  the  actual  operation  of  a 
large  filter  plant,  and  also  a  record  of  a  number  of  experiments.     The 
author   has   described   some   useful   arrangements    for   improving   the 
efficiency  or  reducing  the  cost. 

The  utility  of  raking,  as  an  intermediate  treatment  between  scrap- 
ings, seems  to  have  been  clearly  demonstrated.  Its  practical  effect  is 
to  allow  a  greater  quantity  of  water  to  be  passed  between  scrapings, 
thereby  saturating — if  the  term  may  be  used — the  surface  layer  with 
clay  and  other  fine  matter  before  removing  it,  instead  of  taking  it  o€ 
when  only  a  thin  surface  layer  of  it  has  been  thus  saturated. 

The  large  proportion  of  the  total  purification  that  takes  place  in 
passing  through  three  reservoirs  successively,  holding  in  the  aggregate 
a  quantity  of  water  equal  to  about  7  days'  use,  is  very  striking.  Taking 
all  the  records,  the  percentage  remaining  after  passing  through  these 
reservoirs,  is  as  follows : 

Sediment  for  the  year,  1909-1910,  Table  2 17% 

Turbidities,  5-year  average,  Table  3 25% 

Bacteria,  5-year  average,  Table  4 24% 

Bacteria,  selected  winter  months  with  high  numbers 

in  the  raw  water 20% 

Bacteria,  selected  summer  months  with  high  num- 
bers in  the  raw  water 2.5% 

♦This  discussion  (of  the  paper  by  E.  D.  Hardy,  M.  Am.  Soc.  C.  E.,  published  in  Pro- 
ceedings for  December.  1910,  and  presented  at  the  meeting  of  February  15th,  1911),  is  printed 
in  Proceedings  in  order  that  the  views  expressed  may  be  brought  before  all  members  for 
further  discussion. 


Mr. 
Hazen. 
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There  is  considerable  seasonal  fluctuation  in  the  results  of  settling 
and  filtering,  as  is  shown  in  Table  21. 

TABLE  21.— Average  Removal  op  Turbidity  and  Bacteria  by  Wash- 
ington Filters  for  Whole  Period,  Arranged  by  Seasons. 


Winter. 

Spring. 

Summer. 

Fall. 

136 

96 

144 

42 

83 

28 

27 

15 

4 

3 

1 

0.5 

24 

29 

19 

36 

12 

10 

4 

3 

3 

1 

0.3 

1 

16  600 

4  150 

4  100 

1  960 

6  300 

980 

160 

270 

149 

29 

18 

22 

38 

24 

4 

14 

2.4 

3.0 

11.2 

8.2 

0.90 

0.70 

0.44 

1.12 

Year. 


I  raw 

Turbidity,  in  parts  per  million:  -|  settled  . 
I  filtered. 

(  settling 

Percentage  left  from;  -  filtering 

( both 

(  raw 

Bacteria  per  cubic  centimeter:-;  settled. 
( filtered. 

(  settling 

Percentage  left  from:  <  filtering 

both 


105 

26 

2 

25 
8 
2 

6  700 

1  940 

54 


29 
2.8 
0.81 


The  fluctuation  in  the  efficiency  of  the  plant  as  a  whole  by  seasons 
is  greater  with  the  turbidity  than  with  the  bacteria.  During  the  winter 
the  effluent  contains  3%  of  the  turbidity  of  the  raw  water,  and  in 
summer  only  0.3  per  cent.  Most  of  this  difference  is  represented  by 
the  increased  efiiciency  of  the  filters  in  summer,  and  only  a  little 
of  it  by  the  increased  efficiency  of  settling.  With  bacteria,  on  the  other 
hand,  the  seasonal  fluctuation  of  the  plant  as  a  whole  is  comparatively 
small,  but  the  settling  and  storage  processes  are  much  more  efficient 
in  summer  than  in  winter,  the  filters  being  apparently  less  efficient. 
The  writer  believes  that  they  are  only  apparently  less  efficient,  and  not 
really  so,  the  explanation  being  that  some  bacteria  always  grow  in  the 
under-drains  and  lower  parts  of  the  filter,  and  are  washed  away  by  the 
effluent.  The  average  number  of  bacteria  in  summer  in  the  settled 
water  is  160  per  cu.  cm.  and  in  the  filtered  water  18.  These  are  very  low 
numbers.  It  is  the  writer's  view  that  nearly  all  of  these  18  represent 
under-drain  bacteria,  and  practically  bear  no  relation  to  those  in  the 
applied  water,  and,  if  this  view  is  correct,  the  number  of  bacteria 
actually  passing  through  the  various  processes  is  at  all  times  less  than 
the  figures  indicate.  In  the  warmer  part  of  the  year  the  difference  is 
a  wide  one,  and  the  hygienic  eflSciency  of  the  process  is  much  greater 
than  is  indicated  by  the  gross  numbers  of  bacteria. 

The  reduction  of  the  typhoid  death  rate  has  not  been  as  great  with 
the  change  in  water  supply  as  was  the  case  at  Lawrence,  Albany,  and 
other  cities,  apparently  because  the  Potomac  water  before  it  was  filtered 
was  not  the  cause  of  a  large  part  of  the  typhoid  fever. 

The  sewage  pollution  of  the  Potomac  is  much  less  than  that  of  the 
Merrimac  and  the  Hudson,  and  it  is  perhaps  not  surprising  that  this 
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relatively  small  amount  of  pollution  was  less  potent  in  causing  typhoid     Mr. 
fever  than  the  greater  pollution  of  rivers  draining  more  densely  popu- 
lated areas. 

The  method  of  replacing  the  washed  sand  hydraulically  seems  to 
have  worked  better  than  could  have  been  reasonably  anticipated,  and 
the  writer  believes  that  this  was  due,  in  part,  to  the  excellent  method 
of  manipulation  described  in  the  paper.  It  is  his  feeling,  however, 
that  part  of  the  success  is  attributable  to  the  very  low  uniformity 
coefticient  of  the  sand.  In  other  words,  the  sand  grains  are  nearly  all 
of  the  same  size,  due  to  the  character  of  the  stock  from  which  the 
filter  sand  was  prepared;  and,  therefore,  there  is  much  less  opportunity 
for  separation  of  the  sand  according  to  grain  sizes  than  there  would  be 
with  the  filter  sand  which  has  been  available  in  most  other  cases. 

Filter  sand  with  a  uniformity  coefficient  as  low  as  that  obtained 
at  Washington  has  been  rarely  available  for  the  construction  of  sand 
filters,  and  while  the  method  of  hydraulic  return  should  certainly  be 
considered,  it  will  not  be  safe  to  assume  that  equally  favorable  results 
may  be  obtained  with  it  with  sands  of  high  uniformity  coefficients 
until  actual  favorable  experience  is  obtained. 

The  writer  believes  that  in  calculating  the  cost  of  the  water  used 
in  the  plant  itself  the  price  chosen  by  the  author,  covering  only  the 
actual  operating  expenses  of  pumping  and  fi.ltering,  is  too  low.  The 
capacity  of  the  whole  Washington  Aqueduct  system  is  reduced  by  what- 
ever quantity  is  used  in  this  way,  and,  in  calculating  the  cost  of  sand 
handling,  the  value  of  the  water  used  should  be  calculated  on  a  basis 
which  will  cover  the  whole  cost  of  the  water,  including  all  capital 
charges,  depreciation,  operating  expenses,  and  all  costs  of  every  descrip- 
tion. On  this  basis  the  water  used  in  the  sand-handling  operations 
would  probably  be  worth  five  or  more  times  the  sum  mentioned  by 
the  author. 

The  cost  of  operation  of  the  plant  has  come  within  the  estimates 
made  in  advance,  and  has  certainly  been  most  reasonable.  The  cost  of 
filter  operations  has  averaged  only  about  50  cents  per  million  gallons, 
and  is  so  low  that  it  is  obvious  that  the  savings  which  may  be  made 
by  introducing  further  labor-saving  appliances  would  be  relatively 
small.  It  will  be  remembered  that  ten  or  fi^fteen  years  ago  the  cost  of 
operating  such  filters  under  American  conditions  was  commonly  from 
$2  to  $5  per  million  gallons. 

The  experiments  represented  by  Tables  17  to  19,  inclusive,  serve  to 
show  that  preliminary  filtration,  or  multiple  filtration,  or  any  system  of 
mechanical  separation  is  incapable  of  entirely  removing  the  finer 
clay  particles  which  cause  the  residual  turbidity  in  the  effluent.  They 
also  show  that  this  turbidity  may  be  easily  and  certainly  removed  by 
the  application  of  coagulant  to  the  raw  water  during  the  occasional 
periods  when  its  character  is  such  as  to  require  it. 
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Mr.  These   general   propositions   were   understood  by   those   responsible 

^^^""  for  the  original  design  of  the  plant,  as  is  shown  by  the  author's  quota- 
tions. These  experiments,  however,  were  necessary  in  order  to  demon- 
strate and  bring  home  the  conditions  to  those  who  thought  differently, 
and  who  believed  that  full  purification  could  be  obtained  by  filtration 
alone,  or  by  double  filtration,  without  recourse  to  the  occasional  use 
of  coagulant. 

The  experiments  briefly  summarized  in  Table  20  are  of  the  greatest 
interest  and  importance.  Six  small  filters,  otherwise  alike  and  like 
the  large  filters,  all  received  the  same  raw  water  and  were  operated  at 
different  rates  to  determine  the  effect  of  rate  on  efficiency. 

That  the  experimental  results  from  the  filter  operating  at  the  same 
rate  as  the  large  filters  were  on  the  whole  somewhat  inferior  to  those 
from  the  large  filters  for  approximately  the  same  period,  may  be 
attributed  to  the  fact  that  the  experimental  filter  was  new  while  the 
large  filters  had  been  in  service  for  some  time  and  had  thereby  gained 
in  efficiency.  The  greatest  difference  was  in  the  coli  results  in  Table 
20,  where  it  is  shown  that  24%  of  the  10-cu.  cm.  effluent  samples  from 
the  experimental  filter  contained  coli,  in  comparison  with  only  from 
1  to  3%  of  such  samples  from  the  main  filters. 

The  results  from  the  experimental  filter  operating  at  a  rate  of 
1  000  000  gal.  per  acre  daily  may  fairly  be  excluded,  as  the  effluent 
probably  contained  more  under-drain  bacteria  in  proportion  than 
filters  operated  at  higher  rates.  The  number  of  bacteria  in  the  filter 
operating  at  a  3  000  000-gal.  rate  were  1.7%  of  those  in  the  applied 
water;  for  the  filter  operating  twice  as  fast,  the  percentage  was  2.4; 
and,  for  the  one  operating  more  than  ten  times  as  fast,  was  only  3.0; 
thus  indicating  a  surprisingly  small  increase  in  the  number  of  bacteria 
with  increase  in  rate. 

Further  and  more  detailed  study  by  the  writer  of  the  unpublished 
individual  results,  briefly  summarized  in  Table  20,  confirms  the  sub- 
stantial accuracy  of  the  comparison  based  on  the  average  figures  as 
stated  in  that  table. 

It  must  be  kept  in  mind,  in  considering  these  results,  that  the 
number  of  bacteria  in  each  case  is  made  up  of  two  parts,  namely,  those 
coming  through  the  filter- — -which  number  is  presumably  greater  as  the 
rate  is  greater — and,  second,  those  coming  from  harmless  growths  in 
the  under-drains  and  lower  parts  of  the  filter — the  numbers  of  which 
per  cubic  centimeter  are  presumably  less  as  the  rate  is  greater — and 
these  two  parts,  varying  in  opposite  directions,  may  balance  each 
other,  as  they  seem  to  do  in  this  case,  through  a  considerable  range. 
It  may  thus  be  that  the  number  of  bacteria  really  passing  the  filter 
varies  much  more  with  the  rate  than  is  indicated  by  the  gross  results. 

It  is  also  of  interest  to  note  that  the  sand  filter  (called  a  pre- 
liminary filter)   in  Table  18,  filled  with  the  same  kind  of  sand,  when 
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operated  at  an  average  rate  of  50  000  000  gal.  per  acre  daily  for  a  year,     Mr. 
allowed  18%  of  the  applied  bacteria  to  pass,  in  comparison  with  3% 
found  in  Filter  No.  6  of  Table  20,  operated  at  an  average  rate  of 
38  000  000  gal.  per  acre  daily. 

There  was  one  point  of  difference  in  the  manipulation :  the  pre- 
liminary filter  was  washed  by  a  reversed  current  of  water,  as  mechani- 
cmI  filters  are  washed,  while  Filter  No.  G  was  cleaned  by  scraping  off 
the  surface  layer,  as  is  usual  with  sand  filters.  Whether  the  great 
difference  in  bacterial  results  with  a  relatively  small  difference  in  rate 
is  to  be  attributed  to  this  difference  in  manipulation  the  writer  will 
not  undertake  to  state. 

If  the  experimental  results  of  Table  20  indicate  correctly  the 
conditions  which  obtain  in  filtering  Potomac  water,  then  increasing 
the  rate  of  filtration  so  as  to  double  it,  or  more  than  double  it,  would 
make  but  little  difference  in  the  quality  of  the  effluent  as  measured 
by  the  usual  bacterial  methods.  If  the  increase  in  rate  were  accom- 
panied by  the  preliminary  filtration  of  the  water,  then,  presumably, 
there  would  be  little  change  in  the  quality  of  the  effluent,  and  the 
maintenance  of  excellent  results  might  be  incorrectly  attributed  to  the 
intluence  of  the  preliminary  filter. 

It  would  also  seem  that  the  apparatus  which  is  sometimes  used  for 
determining  and  controlling  the  rate  with  more  than  the  ordinary 
degree  of  precision  is  hardly  justified  by  such  experimental  results 
as  those  presented  by  the  author. 

In  contrast  to  these  results  may  be  mentioned  those  obtained  by 
Mr.  H.  W.  Clark,*  for  experimental  filters  operated  with  Merrimac 
River  water,  at  rates  ranging  from  3  000  000  to  16  000  000  gal.  per  acre  - 
daily.  The  results  are  the  average  of  nearly  two  years  of  experimental 
work,  the  period  having  been  nearly  coincident  with  that  covered  by 
the  author's  experiments,  and  of  many  hundreds  of  bacterial  analyses 
of  each  effluent,  and  form,  with  the  author's  experiments,  the  most 
thorough-going  studies  of  the  effect  of  rate  on  efficiency  that  have  come 
to  the  writer's  attention. 

Mr.  Clark's  results  are  given  in  Table  22. 

TABLE  22. 


Effect  ive 
size  of  sand. 

Filter  No. 

Rate, 

in  gallons  per 

acre  daily. 

Bacteria  per 

cubic 

centimeter  in 

effluent. 

Bacterial 
efficiency. 

B.  Coli 

in  1  cu.  cm. 

(percentage  of 

positive  tests). 

0.28 
0.25 
0.22 
0.22 
0.22 

A 
B 

C 
D 
E 

3  000  000 
5  000  000 
7  500  000 
10  0(J0  000 
16  000  000 

48 
85 
105 
110 
280 

99.1 
98.4 
98.1 
98.0 
95.0 

5.0 
24.0 
25.0 
25.0 
38.0 

*  Journal,  New  England  Water- Works  Association,  Vol.  24,  p.  589. 
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It  will  be  seen  that  the  number  of  bacteria  passing  increases 
rapidly  with  the  rate,  and  whether  the  total  number  of  bacteria  is  con- 
sidered or  the  B.  coli  results,  the  number  passing  is  approximately 
in  proportion  to  the  rate.  In  other  words,  doubling  the  rate  substan- 
stially  doubles  the  number  of  bacteria  in  the  effluent. 

This  is  entirely  in  harmony  with  all  the  Lawrence  experimental 
results  extending  over  a  period  of  20  years.  There  have  been  occa- 
sional apparent  exceptions,  but,  on  the  .whole,  experience  with  Merri- 
mac  River  water  has  uniformly  been  that  more  bacteria  pass  as  the 
rates  are  higher. 

The  theory  sometimes  advanced,  that  the  efficiency  of  filtration  is 
controlled  to  a  certain  extent  by  gelatinous  films,  and  that,  as  far  as 
thus  controlled,  is  less  dependent  on  rate,  would  not  seem  to  be  borne 
out  by  these  results.  The  Merrimac  River  water,  carrying  large 
amounts  of  organic  matter,  would  certainly  seem  better  adapted  to  the 
formation  of  such  films  than  the  clay-bearing  Potomac  water,  com- 
paratively free  from  organic  matter;  but  it  is  the  Potomac  water  which 
seems  to  show  the  least  influence  of  rate  on  efficiency. 

The  experiments  show  that  turbidity  passes  more  freely  at  the 
higher  rates  with  the  Potomac  water,  as  has  also  been  found  to  be 
the  case  with  other  clay-bearing  waters. 

In  the  last  lines  of  Table  20  are  given  cost  per  million  gallons  for 
filtering  at  various  rates.  There  is  no  discussion  of  these  figures,  and 
as  they  differ  considerably  from  those  which  the  writer  has  been 
accustomed  to  use,  the  calculation  in  Table  23,  made  three  years  ago  for 
a  particular  case,  may  be  of  interest. 


TABLE  23. — Relative  Cost  of  Filtering  at  Different  Rates. 


Nominal  rate,  in  millions  of  gallons 
per  acre  daily: 


30 


Percentage  which  average  yield  is  of  nomi- 
nal rate 

Average  output  per  acre,  in  millions  of 
gallons  per  day 

Cost  of  that  part  of  filters  per  acre  de- 
pendent on  rate 

Cost  of  that  part  of  filters  per  acre  not 
dependent  on  rate 

Total  cost  of  filters  per  acre 

Cost  per  million  gallons  of  capacity 

Cost  per  million  gallons  of  average  daily 
output 

Capital  charges  and  depreciation  at  6%  on 
cost  per  million  gallons 

Operating  expenses,  the  same  at  all  rates. . 

Total  cost  of  filtering,  excluding  pumping, 
storage,  and  all  auxiliaries 

Relative  cost 


85 
2.55 

$13  000 

50  000 
60  000 
30  600 

24  400 

4.00 
1.00 

5.00 
1.29 


4, 

$20  000 

50  000 
70  000 
14  000 


00 


$40  000 

50  000 

90  000 

9  000 

12  000 


1.97 

1.00 


2.97 
0.77 


65 

13.0 

$80  000 

50  000 

130  000 

6  500 

10  000 

1.64 
1.00 

3.64 
0.68 
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When  the  costs  of  pumping,  pure-water  reservoirs  usually  neces-    Mr. 
sary,  etc.,  arc  taken  into  account  (which  add  equally  to  the  cost  at  all    ^^®°" 
rates),  the  cost  of  filtering  will  vary  less  with  the  rate  than  is  indicated. 

The  eflfect  of  rate  on  cost,  as  calculated  in  Table  23,  and  also  the 
percentages  of  the  bacteria  of  the  raw  water  found  in  the  effluents  by 
the  author  and  by  Mr.  Clark,  are  shown  on  Fig.  10. 

Considering  all  these  results  together,  and  also  all  the  other  evi- 
dence known  to  the  writer  bearing  on  this  point,  it  seems  clear  that 
filters  are  not  as  sensitive  to  changes  in  rate,  within  reasonable  limits, 
as  has  been  frequently  assumed;  but,  on  the  other  hand,  there  is 
usually  a  substantial  increase  in  the  percentage  of  bacteria  passing 
through  a  filter  with  increased  rate. 
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Filters  furnish  relative,  not  absolute,  protection  against  infectious 
matter  in  the  raw  water.  The  higher  the  bacterial  efficiency,  the  more 
complete  is  this  relative  protection. 

The  cost  of  filtering  does  not  decrease  in  inverse  ratio  to  the  rate, 
but  at  a  much  slower  rate.  This  is  especially  true  with  rates  of  more 
than  5  000  000  or  6  000  000  gal.  per  acre  daily. 

In  general,  a  rate  of  filtration  may  rationally  be  selected  at  which 
the  value  of  the  possible  danger  resulting  from  an  increase  in  rate  is 
equal  to  the  saving  that  may  be  made  in  cost  by  its  use.  This  point 
must  be  a  matter  of  individual  judgment.  The  tendency  of  the  last  few 
years  has  been  to  use  higher  rates,  or,  in  other  words,  to  cheapen  the 
process  and  to  tolerate  a  larger  proportion  of  bacteria  in  the  effluent. 
The  use  of  auxiliary  processes  has  been  favorable  to  this,  especially 
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Mr.     the  use  of  chloride  of  lime,  in  connection  with  either  the  raw  water  or 
P^==^^-  the  effluent. 

By  the  judicious  use  of  this  substance,  efficiency  may  be  main- 
tained while  using  higher  rates  than  would  otherwise  have  been 
desirable. 

The  writer  believes  that  there  will  be  many  cases  where  the  added 
risk  of  using  too  high  a  rate  is  not  worth  the  relatively  small  saving  in 
cost  that  accompanies  it. 
Mr.  George  A.  Johnson,  Assoc.  M.  Am.  See.  C.  E.- — This  paper  con- 

.  ohnson.  ^^-^^^  information  of  an  exceedingly  interesting  nature.  There  is  com- 
paratively little  difficulty  in  obtaining  accurate  figures  on  the  cost  of 
construction  of  water  purification  works,  but,  with  costs  of  operation  of 
such  works,  it  is  different.  The  data  available  in  published  reports 
and  papers  are  usually  more  or  less  fragmentary,  and  unexplained  local 
conditions  with  reference  to  the  character  of  the  raw  water,  the  cost 
of  labor  and  supplies,  and  methods  of  apportioning  these  costs,  intro- 
duce variables  so  wide  as  frequently  to  render  the  published  figures 
almost  useless  for  purposes  of  comparison. 

Mr.  Hardy's  paper  is  noteworthy  in  that  it  presents  certain  rela- 
tively new  features  of  slow  sand  filter  operation  which  have  been  only 
lightly  touched  on  in  water  purification  literature  up  to  the  present 
time.  These  refer  particularly  to  means  whereby  a  filter  may  be  con- 
tinued in  service  without  removing  a  portion  of  the  surface  layer  of  the 
filter  surface  itself  when  the  available  head  has  become  exhausted,  and 
to  methods  whereby  washed  sand  may  be  expeditiously  and  more 
economically  restored  to  the  filter  than  has  been  the  case  hitherto. 

Sand  handling  is  the  most  important  item  of  expense  in  the  oper- 
fition  of  a  slow  sand  filter.  Quite  recently  a  charge  of  $1.50  per  cu.  yd. 
for  sand  scraping,  transportation  to  sand  washers,  washing,  and  restor- 
ing to  the  filter,  was  not  considered  exorbitant,  but  the  improved 
methods  developed  during  recent  years  at  Washington,  Philadelphia, 
Albany,  and  more  recently  at  Pittsburg  (at  all  of  which  places  hydrau- 
lic ejection  plays  an  important  part),  have  shown  the  feasibility  of 
reducing  this  figure  by  nearly,  if  not  quite,  two-thirds. 

The  practice  observed  at  Washington  of  raking  over  the  surface 
of  the  sand  layer  when  the  available  head  becomes  exhausted,  in  order 
to  avoid  the  cost  and  loss  of  time  necessitated  by  shutting  down  the 
filter  and  scraping  off  the  surface  layer,  is  unquestionably  one  of  the 
most  striking  advances  in  slow  sand  filter  operation  in  recent  years. 
In  rapid  sand  filter  operation,  to  prolong  the  period  of  service  between 
washings,  agitation  of  the  filter  surface  has  been  used  to  advantage 
for  many  years.  The  full  value  of  surface  raking  may  not  be  gen- 
erally appreciated,  but  the  results  which  have  followed  a  trial  of  this 
procedure  at  Washington,  Philadelphia,  and  Pittsburg  have  shown 
that  the  output  of  filtered  water  between  scrapings  may  be  doubled  or 
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trcMod  thereby,  witli  no  injury  to  the  filter  itself  or  to  the  quality  of  Mr. 
the  filtered  water.  The  cost  of  raking  over  the  surface  of  a  1-acre  slow  °  °^*'°" 
sand  filter  unit  is  less  than  $10  at  all  the  above-mentioned  places,  which 
fact  in  itself  shows  the  great  saving  in  money  and  time  effected  by 
periodically  substituting  surface  raking  for  scraping.  Under  ordinary 
conditions  it  has  been  found  that  a  filter  can  be  raked  to  advantage 
at  least  twice  between  scrapings. 

In  the  case  of  filters  thus  raked,  a  deeper  penetration  of  suspended 
matter  into  the  sand  layer  is  inevitable,  but  at  Pittsburg,  as  at  Wash- 
ington, such  penetration  docs  not  extend  more  than  about  2  in.  below 
the  filter  surface.  When  the  filter  is  finally  scraped,  a  deeper  layer  is 
removed,  of  course,  but  it  is  clearly  more  economical  to  remove  a  deep 
layer  at  one  operation  than  to  remove  separately  several  thinner  layers 
of  an  equal  total  thickness. 

The  lost-time  element  is  an  important  one,  and  at  Washington  this 
was  the  main  reason  for  trying  surface  raking.  It  became  necessary  to 
increase  the  output  of  the  filters,  and  the  ordinary  scraping  consumed 
so  much  time  that  the  sand-handling  force  was  increased,  working  day 
and  night.  The  raking  expedient  introduced  at  this  time  overcame  this, 
and  Mr.  Hardy  states  that  it  is  still  followed  when  the  work  is  at  all 
pressing.  The  speaker  has  found  at  Pittsburg,  as  Mr.  Hardy  has  found 
at  Washington,  that  raking  is  nearly  if  not  quite  as  effective  as  scrap- 
ing in  restoring  the  filter  capacity. 

Eleven  years  ago  the  speaker  was  connected  with  the  preliminary 
investigations  into  the  best  methods  of  purifying  the  Potomac  River 
water  for  Washington.  It  then  appeared  that  while  for  the  greater 
part  of  the  time  during  an  average  year  the  Potomac  River  could 
be  classed  among  the  clear  waters  of  the  East,  there  were  periods 
when  excessive  turbidity  made  it  necessary  to  consider  carefully  methods 
of  preparatory  treatment  before  this  water  could  be  filtered  effectively 
and  economically.  As  Mr.  Hardy  has  said,  considerable  prejudice 
existed  against  the  use  of  a  coagulating  chemical,  and  the  expedient 
was  therefore  adopted  of  giving  the  water  a  long  period  of  sedimenta- 
tion in  order  to  remove  enough  of  the  suspended  matter  to  allow  the 
clarified  water  to  be  treated  on  slow  sand  filters.  The  expert  com- 
mission, consisting  of  Messrs.  Hering,  Fuller,  and  Hazen,  recommended 
the  occasional  use  of  a  coagulating  chemical,  but  this  recommendation 
was  not  carried  out. 

The  Potomac  River  is  somewhat  peculiar,  in  that  the  turbidity 
of  its  waters,  as  shown  by  the  results  presented  in  Mr.  Hardy's  paper, 
ranges  from  3  000  to  practically  nothing.  The  bacterial  content  also 
varies  widely,  and  Mr.  Hardy's  tables  show  this  variation  to  be  from 
76  000  to  325  per  cu.  cm.  Such  a  water  as  this  requires  particularly 
careful  preparatory  treatment.  The  Dalecarlia  Reservoir  has  a  capacity 
of  something  like  2  days'  storage,  the  Georgetown  Reservoir  the  same, 
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Mr.  and  the  McMillan  Park  Reservoir  nearly  3  days,  making  a  total  sedi- 
o  nson.  ,^^gJ^^r^^joJ-^  ^f  more  than  7  days.  Without  the  use  of  a  coagulant,  it  is 
significant  that  during  a  period  of  five  years,  even  with  7  days'  sedi- 
mentation, the  average  maximum  turbidity  of  the  water  delivered  to  the 
filters  was  106  parts  per  million,  and  the  maximum  average  turbidity 
in  one  month  was  250  parts  per  million.  The  water  filtration  engineer 
can  readily  understand  that  waters  as  turbid  as  this  cannot  be  treated 
economically  and  efficiently  in  slow  sand  filters.  It  would  appear  that 
coagvilating  works  might  advantageously  have  been  installed  at  the 
entrance  to  the  Dalecarlia  Reservoir.  If  this  had  been  done,  and  coagu- 
lant had  been  added  to  the  water  at  times  when  it  was  excessively  tur- 
bid, a  considerably  shorter  period  of  subsequent  sedimentation  than  now 
exists  would  in  all  probability  have  rendered  the  water  at  all  times 
amenable  to  efiicient  and  economical  slow  sand  filter  treatment. 

The  prejudice  in  Washington  against  the  use  of  coagulants  has  also 
manifested  itself  in  other  localities,  but  the  results  which  have  been 
obtained  during  the  past  twenty  years  from  rapid  sand  filters  and  from 
slow  sand  filters,  treating  waters  previously  coagulated  with  salts  of 
iron  or  alumina,  have  shown  how  thoroughly  unreasonable  were  these 
objections.  In  this  connection  it  is  interesting  to  note  that  there  are  in 
the  United  States  more  than  350  rapid  sand  filter  plants,  and  that  nearly 
12%  of  the  urban  population  of  Continental  United  States  is  being 
supplied  with  water  filtered  through  rapid  sand  filters,  in  connection 
with  all  of  which  a  coagulating  chemical  is  used  in  the  preparatory 
treatment. 

Attention  has  repeatedly  been  called  to  the  fact  that  the  relatively 
high  typhoid  death  rate  in  Washington,  since  the  filter  plant  was  in- 
stalled, was  a  possible  indication  that  the  filters  were  inefficient.  It  is 
true  that  there  has  not  been  the  marked  reduction  in  the  typhoid  death 
rate  in  Washington,  following  the  installation  of  the  water  filtration 
works,  that  has  been  observed  in  other  cities  in  America.  For  the  six 
years  prior  to  the  date  on  which  filtered  water  was  supplied  to  the  citi- 
zens of  Washington,  the  average  typhoid  fever  death  rate  was  59  per 
100  000  population,  as  against  37  per  100  000  for  the  five  j  ears  follow- 
ing, a  reduction  of  37  per  cent.  At  Albany,  N.  Y.,  where  the  first 
modern  slow  sand  filter  was  built  in  1899,  the  tyi^hoid  death  rate  has 
been  reduced  by  75  per  cent.  At  Cincinnati,  Ohio,  the  average  death 
rate  from  typhoid  ranged  around  50  per  100  000  for  years,  but  since 
the  installation  of  the  filtration  plant  it  has  been  reduced  to  a  point 
which  places  that  city,  with  respect  to  freedom  from  typhoid  fever,  at 
the  head  of  all  the  large  cities  in  America;  in  1910  the  death  rate  from 
typhoid  in  Cincinnati  was  6  per  100  000.  Similarly,  at  Columbus,  Ohio, 
where  the  typhoid  death  rate  before  the  installation  of  the  filtration 
plant  in  1906  was  even  higher  than  at  Cincinnati,  it  was  reduced  to 
less  than  13  per  100  000  in  1910,  whereas,  for  the  previous  five  years, 
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it  was  61  per  100  000.  Philadelphia,  before  the  installation  of  the  filtra-  Mr. 
tion  works,  had  a  typhoid  death  rate  of  60  or  more  per  100  000,  and  in 
1010  the  death  rate  from  this  disease  was  17.  Pittsburg,  at  least  that 
part  of  it  now  supplied  with  filtered  water,  for  years  had  a  typhoid  death 
rate  of  more  than  130  per  100  000,  but  the  present  rate  is  about  12  per 
100  000. 

TABLE  24. — Typhoid  Fever  Death  Rates  in  Cities  of  the  United 
States  With  Populations  in  1910  of  100  000,  or  More. 

Statistics  gathered  by  correspondence  and  from  Reports  of  the  Bureau 
of  the  Census,  Department  of  Commerce  and  Labor,  Mortality 
Statistics. 

Note.— statistics  from  Birmingham,  Ala.,  Dayton,  Ohio,  Fall  River,  Mass.,  Louisville, 
Ky.,  Memphis,  Tenn.,  Oakland,  Cal.,  and  Providence,  R.  I.,  are  not  included,  as  they  are 
incomplete. 


City. 


Albany,  N.  Y 

Atlanta,  Ga 

Baltimore,  Md 

Boston,  Mass 

Bridgeport.  Conn..., 

Buffalo.  N.  Y 

Cambridge.  Mass — 

Chicago.  Ill 

Cincinnati,  Ohio 

Cleveland,  Ohio 

Columbus.  Ohio 

Denver,  Colo 

Detroit,  Mich 

Grand  Rapids.  Mich 
Iiidianapnlis.  Ind. . . 
Jersey  <  'ity.  N.  J. . . 

Kansas  ( 'ity,  Mo 

L..S  AuKeles,  Cal... 

Lowell.  Mass 

.Milwaukee.  Wis 

Alinneapolis.  Minn.. 

Nashville.  Tenn 

Newark,  N. J 

New  Haven,  Conn.. 

New  York.  N.  Y 

New  Orleans,  La. . . 

Omaha.  Nebr 

Paterson.  N.  J 

Philadelphia,  Pa... 

Pittsburg'.  Pa 

Richm<jnd,  Va 

Rochester.  N.  Y 

St.  Louis.  Mo 

St.  Paul,  Minn 

San  Francisco.  Cal. 

Scranton,  Pa 

Syracuse.  N.  Y 

Toledo.  Ohio 

Worcester,  Mass... 
Washington,  D.  C. 


Typhoid  Fever  Death  Rate  per  100  000  Population. 


Average 

Average 

Average 

for  six 

for  five 

for  11 

1906. 

1907. 

1908. 

1909. 

1910. 

years, 

1900-05, 

inclusive. 

years, 

1906-10, 

inclusive. 

years, 

1900-10, 

inclusive. 

20 

20 

11 

19 

15 

25 

17 

21 

50 

64 

47 

44 

43 

65 

50 

58 

S4 

41 

31 

23 

41 

36 

34 

35 

22 

io 

26 

14 

11 

23 

16 

20 

10 

13 

13 

13 

9 

15 

12 

14 

24 

29 

21 

23 

20 

29 

23 

26 

18 

10 

10 

9 

12 

18 

12 

15 

18 

18 

15 

12 

14 

27 

16 

22 

71 

46 

19 

13 

6 

54 

31 

44 

20 

19 

13 

12 

19 

51 

17 

36 

45 

38 

110 

17 

13 

61 

45 

51 

68 

67 

58 

24 

30 

37 

49 

42 

22 

28 

22 

19 

16 

17 

22 

19 

39 

30 

30 

17 

27 

34 

28 

31 

39 

29 

26 

22 

31 

76 

30 

55 

20 

14 

10 

8 

10 

19 

12 

16 

38 

40 

35 

23 

38 

48 

35 

42 

18 

23 

19 

18 

12 

35 

18 

27 

7 

9 

24 

11 

21 

19 

14 

17 

31 

26 

17 

21 

45 

19 

28 

23 

33 

26 

18 

20 

58 

38 

29 

34 

66 

85 

62 

53 

48 

54 

58 

56 

18 

24 

12 

11 

13 

17 

16 

17 

54 

30 

84 

20 

17 

44 

31 

38 

15 

17 

12 

12 

12 

19 

14 

17 

30 

56 

31 

25 

28 

40 

34 

37 

28 

24 

22 

31 

75 

20 

36 

27 

4 

11 

10 

5 

7 

25 

7 

17 

74 

60 

36 

22 

17 

47 

42 

45 

141 

135 

5.3* 

13* 

12* 

132 

71 

104 

44 

41 

50 

24 

22 

66 

36 

53 

17 

16 

12 

9 

13 

15 

13 

14 

18 

16 

15 

15 

14 

33 

16 

25 

21 

17 

12 

20 

20 

14 

18 

16 

57 

27 

17 

15 

20 

29 

24(?) 

11 

76 

11 

11 

14 

18 

35 

26 

10 

16 

15 

12 

30 

14 

17 

15 

45 

36 

40 

31 

32 

36 

37 

36 

12 

14 

10 

8 

16 

17 

12 

15 

52 

36 

39 

33 

23 

59 

37 

49 

•  Filtered  water  section  for  Allegheny  District  not  includt 
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Mr.      TABLE  25. — Average  Monthly  Results  for  the  Period,  1905-1910. 

Johnson.  


Mr. 

Knowles. 


Reservoirs. 

Period  of 
sedimen- 
tation, 
in  days. 

Turbidity, 
in  parts 

per 
million. 

Bactei-ia 

per  cubic 

centimeter. 

Percentage  Removed. 

Turbidity. 

Bacteria. 

"2.2 

2.2 
2.8 

106 
.50 
38 
26 

6  400 
5  000 
3  400 
2  000 

53 
24 
31 

22 

32 

McMillan 

41 

7.2 

75 

69 

While  it  may  perhaps  seem  unreasonable  to  single  out  Washington 
as  a  particular  sufferer  in  this  respect,  it  is  highly  probable  that  a  large 
share  of  the  typhoid  is  still  caused  by  secondary  infection,  flies,  im- 
pure milk,  and  private  and  public  wells.  The  speaker  remembers  dis- 
tinctly that  ten  years  ago,  when  he  made  an  investigation  into  the 
purity  of  the  water  of  about  100  pviblic  wells  in  that  city,  a  large  num- 
ber of  them  showed  unmistakable  evidence  of  being  polluted  with 
sewagic  matter.  Conclusive  evidence  would  be  secured  to  dispel  any 
doubt  as  to  the  sanitary  quality  of  the  filtered  product  if  hypochlorite 
of  lime  were  added  to  the  filtered  water  throughout  one  year  or  through- 
out the  typhoid  months.  It  seems  strange  to  the  speaker,  that  for  this, 
if  for  no  other  reason,  this  safe  and  non-injurious  germicide  has  not 
as  yet  been  used  at  Washington,  in  view  of  the  fact  that  at  the  present 
time  it  is  being  used  continuously  or  intermittently  in  the  treatment 
of  the  water  supplies  of  scores  of  the  most  important  cities  of  this 
country,  among  which  may  be  mentioned  New  York,  Philadelphia,  Cin- 
cinnati, Pittsburg,  St.  Louis,  and  Minneapolis. 

Morris  Knowles,  M.  Am.  Soc.  C.  E.  (by  letter). — This  description 
of  the  operation  of  the  Washington  Filtration  Works  is  timely  and  of 
great  interest.  It  is  ten  years  since  the  writer,  in  collaboration  with 
Charles  Oilman  Hyde,  M.  Am.  Soc.  C.  E.,  presented  a  similar 
record  for  the  Lawrence,  Mass.,  filter.  That  paper  was  the  first  com- 
plete, detailed,  and  continuous  history  of  the  actions  and  results 
obtained  for  a  long  period  of  time  with  such  a  purification  works.* 
Since  then,  the  art  of  filtration  has  advanced  in  many  ways,  particu- 
larly in  regard  to  the  methods  of  cleaning  slow  sand  filters  and  in 
the  accompanying  processes.  It  is  well,  therefore,  again  to  take  account 
of  stock  and  see  really  what  progress  has  been  made.  Therefore, 
Mr.  Hardy's  paper,  giving  a  description  of  the  operations  of  a  system 
thoughtfully  designed,  after  long  consideration  of  the  problem,  and  of 
operations   carried  on   under  efficient   and  economical   administration, 

*  Transactions,  Am.  Soc.  C.  E.,  Vol.  XLVI,  p.  258. 
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with  tliorou^li  ivconl  of  all  details,  should  furnish  a  groundwork  for      Mr. 
the  careful  consideration  of  the  question  stated  above. 

The  writer,  using  as  a  text  some  of  the  ideas  given  in  the  paper, 
but  more  particularly  some  of  those  becoming  prevalent  elsewhere, 
desires  to  discuss  methods  and  costs  of  operation,  especially  in  relation 
to  sand  handling;  and  to  offer  suggestions  looking  toward  greater 
efficiency,  as  well  as  economy,  in  carrying  out  the  standard  and  well- 
tried  methods. 

Theory  of  Slow  Sand  Filtration. — First,  what  is  the  process  of  slow 
sand  filtration?  The  answer  to  this  question  involves  many  factors, 
some  of  which  are  even  yet  but  imperfectly  understood.  In  the  early 
history  of  filtration,  at  the  time  of  the  construction  of  the  London 
filters,  only  the  straining  capacity  of  the  sand  bed,  to  remove  gross 
particles,  was  known.  Later,  when  the  organic  contents  of  water  had 
become  better  understood,  the  chemical  or  oxidizing  powers  of  the 
process  were  recognized  as  performing  an  important  part.  Finally, 
co-existent  with  the  discovery  of  the  so-called  "germ  theory  of  disease," 
a  study  of  the  bacterial  action  of  filters  resulted  in  the  recognition 
of  its  importance.  It  is  now  universally  thought  that  each  of  these 
factors  performs  its  useful  function;  that  the  size  of  the  sand,  the 
amount  of  organic  matter  remaining  on  the  surface  of  the  bed,  the 
turbidity  of  the  applied  water,  and  the  bacterial  content  of  the  influent, 
are  some  of  the  things  on  which  depends  the  determination  of  the 
relative  importance  of  each  process. 

Engineers  have  been  taught  to  believe,  by  the  German  school  of 
thought,  that  the  film  of  organic  matter  on  the  surface  of  the  sand 
plays  a  very  important  role  in  filtration.  This  Schmutzdecke,  as  it 
is  called,  has  been  considered  so  precious  that  stress  has  been  placed 
on  treating  it  with  great  care.  It  was  not  to  be  wholly  removed  at 
the  time  of  cleaning,  and  it  was  not  to  be  walked  on,  or  indented, 
or  in  any  other  way  consolidated  or  destroyed.  In  fact,  in  some 
cases,  the  wasting  of  the  first  water  after  cleaning  has  been  advocated, 
for  the  reason  that  not  a  sufficient  amount  of  this  organic  film  would 
be  left  on  top  of  the  sand  to  begin  the  filtration  process  properly 
immediately  after  the  cleaning. 

In  late  years,  however,  there  has  been  a  tendency  to  depart  from 
this  fundamental  doctrine  of  slow  sand  filtration.  Various  new 
processes  for  cleaning  the  sand  surface  have  been  advocated;  some  of 
these  partly  destroy  and  others  completely  exterminate  any  semblance 
of  a  bacterial  film  on  the  sand  bed.  These  ideas,  advanced  without  any 
real  and  serious  discussion  of  their  intrinsic  merits,  or  their  effects  on 
the  public  health,  are  not  founded  on  long  continuous  records  of  such 
results  as  are  necessary  to  establish  confidence  in  the  final  value  of 
any  of  these  methods. 

Rapid   advances   along   this   line   have   been   made   more   recently, 
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the  resultant  need  of  complete  repair  of  filtration  beds.  Because  of  the 
rough  treatment  of  the  sand  surface,  a  penetration  of  organic  matter 
and  filth  into  the  bed  had  taken  place.  This  caused  deep  clogging, 
prevented  the  usual  yield  of  water,  and  brought  about  a  lessened 
bacterial  efiiciency,  due  to  the  attempt  to  force  water  through  the 
filters,  and  because  some  organic  matter  and  growths  in  the  lower 
part  of  the  bed  had  furnished  a  breeding  place  for  more  bacteria. 

All  these  endeavors  to  reduce  the  work  of  cleaning  have  been  com- 
mendable, because  scraping  and  sand  handling  are  the  items  of 
greatest  expense  in  slow  sand  filter  maintenance.  Every  one  has  been 
desirous  of  minimizing  this  cost.  However,  as  the  writer  will  endeavor 
to  show,  it  seems  that  attempts  along  this  line  should  be  with  the  idea 
of  doing  more  economically,  as  well  as  efficiently,  the  things  which  one 
knows  will  accomplish  the  proper  results,  rather  than  unwisely  to  adopt 
new  methods  which  have  not  been  tried  for  a  long  enough  period  to 
determine  their  effect  on  the  public  health. 

Pittshurg  Methods. — When  first  taking  up  the  problem  of  design 
in  Pittsburg,  in  1902,  the  writer  had  presented  to  him  for  considera- 
tion and  adoption,  a  suggestion  that  a  certain  method  of  cleaning 
sand  filters,  which  would  involve  the  washing  of  the  sand  in  place 
(similar  to  that  recently  tried  at  the  Jerome  Park  Experiment 
Station,  New  York  City),  would  be  advisable  and  economical.  The 
decision  then  made  has  never  been  regretted.  As  this  plan  involved 
such  a  complete  departure  from  those  principles  which  had  been  well 
tried  and  had  proven  successful,  it  was  believed  that  it  was  not  safe 
to  adopt  such  a  method  on  the  municipal  filtration  works,  from  which 
the  people  were  to  derive  their  drinking  water.  There  is  more  to 
be  considered  in  such  a  problem  than  mere  economy  of  operation;  the 
economy  of  human  life,  the  effect  on  which  requires  far  longer  than 
a  few  months  of  trial  to  determine,  is  a  much  more  important  factor. 
Believing  that  no  one  should  depart,  until  after  a  long  period  of  con- 
clusive experimentation,  from  that  principle  which  is  known  to  be 
safe  (viz.,  to  take  off  a  small  portion  of  the  clogging  surface),  the 
writer  studied  to  determine  more  efficient  and  economical  methods  of 
accomplishing  this  end. 

A  device  for  scraping  the  material,  in  just  the  same  way  as  with 
shovels,  but  more  efficiently  and  more  exactly,  was  developed  by  George 
P.  Baldwin,  M.  Am.  Soc.  C.  E.,  under  the  general  supervision  of  the 
Bureau  of  Filtration,  of  which  the  writer  was  in  charge.  However,  on 
account  of  the  unfortunate  and  earlier  arrangement  of  other  con- 
structive matters,  which  the  City's  Legal  Department  advised  could 
not  be  changed  without  upsetting  the  contract,  the  entrance  doors  to 
the  original  forty-six  filters  were  not  built  large  enough  to  permit 
the   rapid   and   economical   transfer   of   these   machines,    and,    as   this 
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act  takes  so  large  a  proportion  of  the  total  time  of  operation,  it  has  Mr. 
not  been  found  economical  to  use  them.  The  additional  ten  filters, 
recently  constructed,  with  doors  especially  designed  and  large  enough 
to  pass  the  machines,  have  not  yet  been  placed  in  operation.  This 
is  said  to  be  on  account  of  lack  of  funds  and  of  employees.  Therefore, 
there  has  been  no  opportunity  to  demonstrate  what  the  scraping 
machines  can  do,  under  the  conditions  for  which  they  were  designed 
to  operate.  The  restoring  machine,  a  complementary  device  in 
mechanical  operation,  which  simply  replaces  the  sand  in  the  same  way 
that  it  would  be  if  wheeled  back,  with  a  small  percentage  of  moisture, 
has  accomplished  its  purpose  well  and  economically.  The  sand  is 
placed  in  the  filters  so  that  there  is  no  further  settling;  with  a  smooth 
surface,  needing  no  additional  adjustment;  with  absolutely  no  possi- 
bility of  sub-surface  clogging;  and  with  the  filters  starting  off  exceed- 
ingly well  in  operative  results. 

Washington  Methods. — In  Washington,  it  is  stated  that  the  filters 
are  still  cleaned  by  the  old-fashioned  method  of  scraping  with  shovels, 
throwing  the  sand  into  piles,  and  afterward  removing  it  with  a 
movable  ejector.  Between  scrapings  there  is  also  an  occasional  mid- 
period  action  of  raking  the  unwatered  sand  surface,  for  the  purpose 
of  stirring  up  the  dirty  film.  This  process  does  not  remove  any  of 
the  clogging  material  from  the  bed,  but  it  is  said  that  no  injurious 
effects  are  produced,  and  that  it  is  economical.  It  is  stated  that  the 
so-called  "Brooklyn  method,"  of  stirring  the  surface  of  the  sand  while 
the  water  is  on  the  bed,  has  been  tried  at  Washington,  but  with  un- 
satisfactory results.  It  seems  to  have  been  advocated  with  greater 
fervor  in  some  other  places. 

The  method  of  dry  raking  does  not  remove  the  dirty  material,  but 
loosens  up  the  pores  of  the  surface,  and  through  this  porosity  permits 
clogging  to  penetrate  deeper  into  the  filter.  The  method  of  raking 
with  water  on  the  bed,  although  it  removes  some  of  the  organic  dirt, 
also  permits  deeper  penetration  of  the  remainder.  The  latest  devised 
system  of  washing  the  sand  in  place,  called  the  "Blaisdell  method," 
thoroughly  destroys  the  Schmutzdecke  above,  and,  at  the  same  time, 
must  permit  the  formation  of  a  subsidiary  one  below.  In  the  Nichols 
method,  the  material  removed  by  scraping  is  conveyed  by  an  ejector 
to  a  portable  separator  where  it  receives  a  single  washing;  the  dirty 
water  overflows  to  the  sewer,  while  the  washed  sand  is  discharged 
through  a  hose  and  deposited  on  the  recently  scraped  surface.  As  the 
latter  is  partly  impregnated  with  impurities,  there  is,  by  this  process, 
a  tendency  toward  sub-surface  clogging.  All  these  processes  are 
marked  and  serious  departures  from  the  well-tried  method  of  cleaning 
slow  sand  filters,  which,  it  is  well  known,  will  operate  successfully  to 
purify  polluted  river  waters  and  make  them  safe  to  drink.  In  all  there 
is  the  danger  that  they  have  not  been  sufficiently  and  carefully  tried, 
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Mr.  under  scientific  observation,  as  to  results  and  possible  effects  on  the 
•  public  health,  to  be  sure  that  the  bacterial  efficiency  can  long  continue 
to  be  satisfactory,  with  the  application  of  specifically  infected  waters. 
It  is  dangerous,  and  may  even  jeopardize  the  safety  of  human  lives, 
to  experiment  on  water  which  is  furnished  for  drinking  purposes. 
There  is  also  the  added  danger,  well  known  from  past  experience, 
that  in  a  few  years  (it  may  be  more  or  less,  depending  on  the  extent 
and  intensity  of  the  new  workings)  the  filters  will  need  renovation, 
partly,  if  not  wholly,  throughout  the  entire  bed.  Thus,  considering 
the  total  cost  during  a  long  term  of  years,  the  apparently  cheaper 
method  may  become  the  most  expensive. 

There  is  also  an  interesting  query  in  regard  to  the  Washington 
method  of  replacing  sand  in  the  filters,  and  it  is  worthy  of  most  care- 
ful thought  and  attention.  If  the  process  described  can  be  carried 
on  with  success  and  safety,  it  will  prove  to  be  a  long  and  progressive 
step  in  the  methods  of  operation.  The  difficulty,  however,  is  in 
determining  from  any  short-term  runs  whether  such  a  process  can  be 
continued  permanently  without  impairing  the  efficiency  of  the  sand 
bed.  Apparently  good  conditions  may  change,  after  a  few  years'  trial, 
and  be  followed  by  unsafe  results  and  predicaments.  This  replacing 
of  sand  with  whatever  dirt  and  detritus  may  travel  with  it  in  the 
carrying  water  is  certainly  not  equivalent  to  the  care  with  which 
it  has  been  understood  that  sand  should  be  deposited  in  filters.  It 
is  not  comparable  with  the  care  with  which  it  is  placed,  when  wheeled 
from  a  washer,  where  dirty  water  overflows  the  lip,  or  where  it  is  placed 
by  a  machine  restorer  in  the  filter,  where  the  transporting  water  also 
overflows  the  weir  and  is  carried  to  the  sewer. 

These  cheap  and  rapid  methods  of  doing  the  work,  advanced  in 
the  interests  of  economy,  and  the  idea  that  sand  filters,  receiving 
polluting  waters,  can  operate  at  higher  rates  than  those  which  we  have 
demonstrated,  and,  therefore,  have  been  led  to  believe  are  safe,  is  a 
speeding  up  of  the  whole  organization  and  of  operating  conditions. 
It  is  like  speeding  up  a  machine  for  the  purpose  of  getting  a  greater 
output,  with  the  usual  result  that  fast  running  means  quicker  wearing 
out  of  both  man  and  machine.  Quicker  operations  generally  mean 
carelessness  in  doing  the  work,  especially  in  municipal  service.  Care- 
lessness is  engendered  by  the  thought  that  such  work  can  be  handled 
in  a  rough  and  rapid  way,  and,  further,  by  the  ridicule  of  all  these 
things,  which  we  have  learned  to  be  careful  about,  as  old-fogyish,  out- 
of-fashion,  and  archaic.  Carelessness  in  operation  breeds  contempt  for 
the  art.  Some  of  the  less  efficient  filter  -plants,  from  the  standpoint 
of  effect  on  the  public  health,  may  reflect  such  ill-considered  methods. 

Economy  with  Efficiency  in  Operation. — It  is  particularly  important 
to  find  out  whether  one  can  secure  the  desired  economy,  and,  at  the 
same  time,  the  required  efficiency.  The  development  of  efficiency  in 
every  line  of  human  endeavor  is  receiving  much  attention  at  present, 
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;md  not  the  least  cause  for  this  is  the  growing  recognition  of  the  Mr. 
demand  for  a  high  standard  of  service  for  the  rate  charged.  One  of  ""^  ®^" 
the  first  requirements  is  to  have  well-defined  ideals  and  standards. 
When  one  knows  how  to  secure  a  good  and  safe  result,  it  is  nnwise  to 
(loiiart  therefrom  for  a  mere  whim,  or  to  secure  a  supposedly  lessened 
expense,  unless  other  facts  be  also  determined  favorably.  The  desire 
for  economy  must  be  tempered  by  good  sense,  which  means  that  one 
should  be  willing  to  change  a  method  only  when  the  wisdom  of  such 
has  been  clearly  demonstrated.  Efficient  service  can  only  be  secured  by 
good  discipline,  accompanied  by  fair  dealing.  This  means  employing 
no  more  men  than  are  actually  necessary,  paying  them  on  the  basis  of 
the  standard  of  service  and  output  produced,  taking  an  interest  in  the 
working  conditions,  and  providing  for  their  health  and  welfare. 

About  twelve  years  ago,  the  writer  made  some  investigations  of  the 
efficiency  of  laboring  gangs  in  scraping  and  handling  sand  at  filter 
beds,*  and  found  that  ten  men  was  the  most  economical  number  to 
use  in  scraping  the  surface  of  the  Lawrence  filter,  as  then  built  and 
operated.  This  result  was  determined  by  numerous  studies  of  the 
output  per  man  per  minute,  with  different  numbers  of  men  working 
under  different  conditions.  This  same  sort  of  study  has  been  carried 
further  by  adepts  in  the  art,  in  reference  to  shop  and  similar  manage- 
ment, but  one  fails  to  find  corresponding  development  along  this  line 
in  municipal  organization  except  by  a  few  of  the  scattered  Bureaus  of 
^Nfunicipal  Eesearch.  These  results,  also,  have  related  to  a  few  of  the 
more  common  operations,  such  as  determining  the  cost  per  mile,  or  per 
square  yard,  of  street  cleaned,  or  per  million  gallons  of  water  pumped. 

The  cost  of  the  management  of  water-works,  one  of  the  largest 
factors  of  public  enterprise,  has  never  been  investigated  extensively  and 
thoroughly.  There  is  much  possibility  in  planning  for  greater  efficiency 
and  in  determining  what  can  be  accomplished  under  economical  admin- 
istration. Every  one  is  aware  of  the  multiplicity  of  men  in  municipal 
service.  Some  of  these  are  entirely  incompetent,  others  partly  so;  the 
recent  appointees  may  be  more  efficient,  but  the  majority  of  them 
gradually  deteriorate  under  the  subtle  influence  of  the  prevailing  atmos- 
phere, and  each  new  incoming  administration  places  more  and  more 
men  on  the  work,  without  reason  or  necessity.  All  these  tendencies 
have  made  the  cost  and  maintenance  of  public  work  greater  and  greater, 
and,  at  the  same  time,  have  resulted  in  frequently  and  steadily  de- 
f-reasing  the  output  and  efficiency  per  employee. 

The  Washington  situation,  however,  presents  an  admirable  con- 
trast to  this,  because  of  the  methods  of  administration  of  the  public 
works  of  the  District  of  Columbia  and  their  freedom  from  petty 
political  influence.  The  limited  number  of  employees  has  tended  toward 
economy,  and  rendered  this  plant  the  envy  of  all  who  have  desired  to 
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Mr.  obtain  good  management.  Its  cost  items  have  been  looked  on  as  a 
■  result  long  hoped  for,  but  seldom  obtained.  It  is  to  be  regretted,  there- 
fore, that  such  an  abrupt  change  in  methods  of  removing  clogging 
material  and  replacing  sand  has  taken  place  without  years  of  experi- 
mental trial  on  filters  not  furnishing  drinking  water  to  the  public,  and 
without  an  attempt,  under  such  excellent  conditions,  to  maintain  the 
efficiency  by  a  better  labor  output  and  by  improved  working  and 
machine  methods  in  the  performance  of  the  older  and  established  order 
of  doing  things. 

In  preparing  water  for  the  use  of  the  people,  the  realms  of  the 
unknown  are  so  much  larger  than  those  which  have  been  investigated 
and  developed  that  there  may  be  many  factors  affecting  the  public 
health,  and  many  ways  in  which  it  is  dangerous  to  depart  from  well- 
known  and  surely  safe  methods.  Who  can  say  that  in  some  subtle 
and,  at  present,  unknown  manner,  the  failure  in  some  places,  where 
filtration  is  practiced,  to  reduce  the  death  rate  from  typhoid  fever  may 
not  be  due  to  the  introduction  of  radical  departures  from  the  older, 
slower,  safer,  and  more  efficient  methods  which  have  produced  such 
excellent  results,  both  in  America  and  in  Europe?  Further,  in  cases 
where  there  has  been  a  falling  off  in  the  typhoid  death  rate,  the  failure 
to  secure  an  accompanying  improvement  in  general  health  conditions, 
which  follows  so  closely  in  communities  supplied  by  water  filtered  in 
accordance  with  the  more  conservative  principles,  may  be  due  to  the 
introduction  of  some  of  these  not  thoroughly  tried  processes.  Some  day 
full  information  may  be  available  as  to  the  influence  of  these  methods 
of  plant  operation  on  the  health  of  the  community.  Until  that  time, 
is  it  not  a  much  better  policy  to  follow  the  principles  which  have  been 
proven  by  many  years  of  experience  to  produce  safe  results,  and  to 
make  the  foremost  object  the  improvement  of  the  methods  of  operation 
in  accordance  with  these  established  triiths? 

There  is  opportunity  for  the  upbuilding  of  greater  efficiency  in  the 
conduct  of  employees  and  in  securing  the  maximum  output,  because  of 
more  comfortable  and  healthful  conditions  than  usually  exist.  The 
elimination  of  political  influence  from  municipal  service  is  a  task 
which  challenges  the  people  of  to-day.  The  operating  and  managing 
engineer  is  in  a  position  to  perform  an  important  part  in  accomplishing 
this  end.  The  number  of  employees  can  be  reduced  to  those  actually 
needed,  and  the  way  opened  for  the  employment  of  men  who  thoroughly 
understand  the  necessities  of  honesty  and  efficiency  in  the  conduct  of 
public  affairs.  It  should  be  remembered  that  to  design  and  construct 
well  is  only  half  the  job;  to  operate  economically  and  efficiently  is  even 
more  than  to  build,  and  requires  just  as  good  talent,  just  as  keen  appre- 
ciation of  the  various  problems,  and  is  even  more  essential  to  public 
welfare.  It  seems  to  the  writer  that  the  logical  development  of  the  art 
of  obtaining  economy  as  well  as  efficiency  should  be  along  these  lines, 
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ratlier  than  to  revolutionize  metliods  without  having  a  long-period  test      Mr. 
of  (heir  value,  and  at  the  same  time  allow  political  influences  to  con-  ^°<^^^i^s- 
trol.  to  a  large  extent,  the  labor  item. 

rrclhninary  Tr'Catment. — The  decision  as  to  the  preliminary  treat- 
ment of  the  Potomac  River  water  before  filtration  is  of  interest,  par- 
ticularly because  various  other  decisions  have  been  reached  in  dift'erent 
sections  of  the  country.  However,  in  the  main,  these  decisions  have 
been  due  to  diiferences  in  the  character  of  the  waters,  but  it  nuist  be 
evident  that  they  have  sometimes  been  the  result  of  ill-considered  action, 
iir  the  desire  to  promote  some  special  interest.  The  use  of  preliminary 
filters,  which  involves  a  large  investment,  is  not  always  to  be  com- 
mended, particularly  because  at  times  of  reasonably  good  water  the 
removal  of  some  of  the  organic  matter  is  really  injurious  and  lessens 
I  he  effect  of  the  final  filters. 

For  a  long  time,  the  writer  has  believed  that,  where  other  things  are 
(•(pial,  and  where  there  is  no  important  reason  for  double  or  prelimi- 
nary filtration,  long  periods  of  storage,  accompanied  by  the  use  of 
coagulant  at  times  of  severe  and  extreme  muddiness,  as  planned  at 
Washington,  solves  the  problem  in  the  most  practical  and  economical 
way.  It  is  true  that  the  investment  for  a  large  storage  basin  may 
'•qual,  or  even  exceed,  that  required  for  preliminary  filters;  but  the  influ- 
ence of  storage  on  the  quality  of  raw  water  is  never  injurious,  and,  by 
ripening  the  condition  of  the  water,  may  be  greatly  beneficial  in  the 
process  of  filtration. 

The  storage  available  in  such  a  basin  makes  it  possible  to  shut  off 
the  supply  from  the  river  during  the  worst  conditions  of  the  water. 
The  duration  of  the  most  troublesome  spells  ordinarily  does  not  exceed 
a  few  days,  and  it  is  usually  possible  to  secure  sufficient  capacity  in 
the  basin  to  tide  over  these  periods.  Then  again,  long  periods  of 
storage,  in  addition  to  assisting  in  breaking  up  organic  matter,  permit 
the  dying  out  of  bacteria,  particularly  many  of  the  pathogenic  kind, 
and,  therefore,  the  water  is  rendered  much  safer  from  this  standpoint. 
In  other  words,  there  is  additional  insurance  in  long  storage  against 
the  faulty  and  careless  operation  of  incompetent  filter  employees.  The 
addition  of  coagulant,  especially  the  fact  that  only  a  very  small  invest- 
ment of  capital  is  required  for  the  necessary  apparatus  for  dosing  the 
water,  and  that  the  cost  of  the  coagulating  materials  has  to  be  met  only 
when  used,  seems  to  give  the  process,  in  a  most  satisfactory  manner,  the 
requirement  for  economical  management  and  thoroughness  in  pre- 
jiaring  the  water  for  final  filtration. 

Parking  Pnhlic  WorJiS. — It  is  disappointing  that  the  author  has  not 
mentioned  some  of  the  steps  contemplated  in  reference  to  the  land- 
scape treatment  of  the  Washington  filtration  area.  Probably  every  one 
has  been  impressed  by  the  barren  aspect  of  the  works  as  they  are 
approached,   and   as   one  looks   over  them.     Recently,   however,  it   is 
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Whipple. 


stated  that  some  steps  have  been  taken  to  lay  out  the  grounds,  treat 
Knowies.  ^j^^  surface  in  an  attractive  manner,  and  make  a  park  of  the  area. 
The  writer  has  a  firm  opinion  that  when  an  investment  is  made  for 
public  works,  it  costs  but  little  in  addition  to  construct  buildings  along 
appropriate  architectural  lines,  to  treat  the  grounds  in  a  pleasing 
manner,  and  to  make  the  entire  works  a  credit  to  the  municipality 
from  an  artistic  standpoint.  When  treated  on  broad  lines,  such  areas 
become  public  parks,  and  afford  open  breathing  places  for  the  residents, 
and,  if  near  centers  of  population,  may  well  be  equipped  with  play- 
ground facilities  for  the  children. 

The  influence  which  these  ever-present  examples  of  attractiveness 
have  on  the  community  is  becoming  better  recognized  by  students  of 
social  progress,  and  there  seems  to  be  no  doubt  that  spending  money 
on  such  features  is  not  only  desirable  from  the  artistic  standpoint,  but 
is  justified  on  practical  grounds  as  well.  It  is  cheaper  than  to  create 
parks,  when  necessity  and  demand  can  no  longer  be  resisted,  by  buying 
property  and  occasionally  tearing  down  buildings  and  constructing  de 
novo.  That  this  work  is  now  being  done  in  Washington,  even  after 
construction,  is  certainly  a  recognition  of  the  advisability  of  efforts  in 
this  direction. 
3l:.,.  George  C.  Whipple,  M.  Am.  Soc.  C.  E.  (by  letter).— Mr.  Hardy's 
paper  is  an  excellent  presentation  of  the  results  of  the  operation  of 
the  Washington  water  filtration  plant  from  the  time  of  its  construc- 
tion in  1905  until  June,  1910.  Papers  of  this  character  are  altogether 
too  infrequent,  and  the  actual  results  from  the  filters  now  in  use  are 
not  readily  accessible  in  detailed  form.  Yet  it  is  only  by  studying 
the  results  obtained  by  filters  in  actual  use  that  improvements  can  be 
made  and  the  art  advanced. 

Among  the  many  important  facts  brought  out  by  Mr.  Hardy,  only 
a  few  can  be  selected  for  discussion.  One  of  these  is  the  operation  of 
filters  under  winter  conditions.  It  is  well  known  that  the  efficiency  of 
sedimentation  basins  and  filters  is  lower  during  winter  than  at  other 
times,  yet  it  is  just  at  this  season  of  the  year  that  there  is  the  greatest 
danger  of  typhoid  fever  and  similar  water-borne  diseases  being  trans- 
mitted by  water.  Most  of  the  great  typhoid  epidemics  have  occurred 
during  cold  weather,  and  the  very  use  of  the  term  "winter  cholera"  is 
of  significance.  Apparently,  typhoid  bacilli  and  similar  bacteria  are 
capable  of  living  and  retaining  their  vitality  longest  during  that 
season  of  the  year.  Just  why  this  is  so,  bacteriologists  have  not  satis- 
factorily explained.  Doubtless  many  factors  are  involved.  Because  of 
the  increased  viscosity  of  the  water,  sedimentation  takes  place  less 
readily  at  lower  temperatures,  and  inasmuch  as  sand  filtration  is 
partly  dependent  on  sedimentation,  the  efficiency  tends  to  fall  off  in 
cold  weather.     During  winter  some  of  the  external  destroying  agencies 
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are   less   potent,    such   as   the   sterilizing:   effect    of    sunlight,    and   the      Mr. 
presence    and    activity    of   some    of    the    larger   forms    of    microscopic      "^^  ^' 
organisms  which  prey  on  the  bacteria.     Another  factor  may  be  the 
greater  amount  of  dissolved  oxygen  normally  present  in  water  during 
cold  weather,  as  experiments  have  shown  that  dissolved  oxygen  favors 
longevity. 

Still  another  reason  for  the  larger  numbers  of  bacteria  that  pass 
through  a  water  filter  during  cold  weather  may  be  the  effect  that  the 
low  temperature  has  on  the  size  of  the  bacteria  themselves.  A  few 
experiments  made  recently  by  the  writer  appear  to  indicate  that  at 
low  temperatures  the  gelatinous  membrane  which  surrounds  the  bac- 
terial cells  tends  to  become  somewhat  contracted,  thus  decreasing  the 
apparent  size  of  the  bacteria  as  seen  under  the  microscope.  Either  this 
contraction  occurs,  or  the  cells  themselves  are  smaller  when  they 
develop  in  the  cold.  It  is  possible  also  that  low  temperature  affects 
the  flagella  of  the  organisms  in  the  same  way.  It  is  not  unreasonable 
to  suppose  that  the  effect  of  low  temperature  is  to  form  what  may  be, 
in  effect,  a  protective  coating  around  the  cells,  which  tends  to  make 
them  smaller,  less  sticky,  and  less  subject  to  outside  influences.  This 
would  tend  to  make  them  pass  through  a  filter  more  readily.  In  line 
with  this  idea  also  is  the  well-known  fact  that  disinfection  is  less  effi- 
cient in  cold  water  than  in  warm  water. 

Another  way  of  viewing  the  matter  is  that  cold  retards  the  growth 
of  bacteria  on  the  filter,  thus  reducing  the  effect  of  the  Schmutzdecke. 
Still  another  view  of  the  greater  danger  from  bacterial  contamination 
in  winter  is  the  theory  that  cold  prolongs  the  life  of  the  bacteria  by 
merely  preventing  them  from  living  through  their  life  cycle  and  reach- 
ing natural  old  age  and  death  as  rapidly  as  in  warm  weather. 

Another  topic  in  ISlr.  Hardy's  paper  which  has  interested  the  writer 
is  that  of  preliminary  filters.  The  experiments  described  at  length 
indicate  clearly  that  such  devices  would  prove  of  little  or  no  benefit 
under  the  conditions  existing  in  Washington,  and  that  when  the  river 
contains  considerable  amounts  of  suspended  clay  nothing  less  than 
chemical  coagulation  will  suffice  to  treat  the  water  so  that  the  effluent 
will  be  perfectly  clear.  Preliminary  filters  have  been  used  for  a  number 
of  years  at  various  places  and  with  varying  success.  In  few  instances 
have  they  been  operated  for  a  sufficient  length  of  time  or  been  studied 
with  sufficient  care  to  determine  fully  their  economy  and  efficiency  as 
compared  with  other  possible  methods  of  preliminary  treatment. 

Among  other  experiments  on  this  matter  are  those  made  at  Albany, 
N.  Y.,  and  published  by  Wallace  Greenalch,  Assoc.  M.  Am.  Soc.  C.  E., 
in  the  Fifty-ninth  Annual  Eeport  of  the  Bureau  of  Water  for  the 
year  ending  September  30th,  1909.     The  Hudson  River  water  used  at 


Mr. 
Whipple. 
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Albany  is  quite  different  in  character  from  the  Potomac  River  water 
used  at  Washington,  as  it  is  less  turbid  and  contains  rather  more 
organic  matter.  The  results  obtained  in  these  experiments  showed  that 
during  the  summer  the  number  of  bacteria  in  the  effluent  from  the 
experimental  sand  filter  used  in  connection  with  a  preliminary  filter 
did  not  differ  widely  from  the  number  found  in  the  effluent  of  the 
city  filter  where  there  was  no  other  preliminary  treatment  than  sedi- 
mentation. In  the  winter,  however,  the  numbers  of  bacteria  did  not 
increase  in  the  effluent  from  the  experimental  filter  as  they  did  in  the 
effluent  from  the  city  filter.  This  is  shown  by  Table  26,  taken  from  the 
report  mentioned. 

TABLE  26. — Results  of  Experiments  with  Preliminary  Eilter  at 

Albany,   N.   Y. 


Month,  1906. 


March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

1907. 

January 

February 


Bacteria  in 
raw  water. 


133  480 

77  420 

15  8fK3 

4  530 

2090 

2  740 

8280 

38  350 

67  910 

645  500 


127  560 
28  000 


Bacteria  in 

preliminary 

filter 

effluent. 


36  000 

4  810 

2  250 

358 

163 

121 

445 

4  235 

15  570 

25  440 


4  660 
1800 


Bacteria  in 
effluent  from 
experimental 

sand  filter. 


151 
72 
48 
38 
25 
36 
20 
67 
337 
144 


Bacteria  in 

effluent  from 

city  filter. 


706 

155 

37 

34 

23 

23 

34 

227 

341 

2  783 


443 
116 


Apparently,  therefore,  at  Albany  the  benefits  of  the  preliminary 
filter,  as  far  as  bacterial  efficiency  is  concerned,  would  be  confined  to  a 
short  period  of  three  or  four  months  in  each  year.  Under  such  cir- 
cumstances it  may  well  be  questioned  whether  the  advantages  of 
preliminary  filtration  justify  its  cost. 

On  the  diagram.  Fig.  10,  will  be  found  various  data  taken  from 
the  published  records  of  the  Albany  filter,  from  1899  to  1909.  These 
data  include:  The  numbers  of  bacteria  before  and  after  filtration; 
the  percentage  of  bacteria  remaining  in  the  effluent;  the  average 
quantity  of  water  filtered,  in  millions  of  gallons  per  day;  the  quantities 
of  water  filtered  between  scrapings;  the  turbidity  of  the  raw  water; 
the  cost  of  filtration,  including  capital  charges  and  cost  of  operation; 
and  the  typhoid  death  rates  of  the  city  per  month.  Several  points  are 
brought  out  conspicuously  by  this  diagram.  One  is  the  uniformly  low 
death  rate  from  typhoid  throughout  the  entire  period.  The  filter  was 
operated  from  1899  until  the  fall  of  1907  with  raw  water  taken  from 
what  is  known  as  the  "Back  Channel."  Since  then  it  has  been  taken 
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from    a    new    intake    whicli    extozuls    into    the    Hudson    River    itself.      Mr. 
Until  the  fall  of  1908  the  preliminary  treatment  consisted  merely  of  ^^'PP'®- 
sedimentation,   but   since   then   the   water   has   received   an   additional 
preliminary  treatment  in  mechanical  filters  operated  without  coagulant, 
ISflfl      1900       10(11        1W3       190:?       19(U       lOa'j       190B       1907       1908       1909       1910 


Quantity 


Average  Quantity  of  Water  Filtered,  Milliinis  (it  Gallons  Daily 


CT^7T?r^ 


37 


vm:/f'">W7' 


I 


of  Watier  Filtered  betlween  S'crapinfjs      ^i|reiiini,iiay^rau..^ 


\ 


I I I        T^'jphoid  ycver  D|eaths  p,er  Month         | r 


FILTERS  AT  ALBANY,  N.Y. 

RESULTS  OF  OPERATION, 

1899-1909. 

Compiled  from  data  in  Annual  Reports 

Fig.  11. 

along  tlie  lines  of  the  experiments  just  mentioned.  During  this  time 
the  average  rate  of  filtration  of  the  sand  filter  has  not  changed 
materially,  although  it  is  said  that  the  maximum  rate  has  been 
increased  since  the  preliminary  filters  were  put  in  service.     The  study 
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Mr.  of  the  bacteriological  analyses  shows  that  the  best  results  were  obtained 
Whipple.  (j^j,ij^g  2902,  1903,  and  1904.  Since  then  the  numbers  of  bacteria  in 
both  the  raw  and  filtered  water  have  increased.  This  was  especially 
noticeable  during  the  winters  of  1907  and  1908  when  the  water  was 
taken  from  the  new  intake.  It  will  be  interesting  to  compare  the 
results  after  the  preliminary  filters  have  been  operated  for  a  long 
enough  period  to  ascertain  their  normal  effect  on  efficiency  and  on  the 
increased  yield. 

Another  fact  to  be  drawn  from  the  plotted  Albany  data  is  the 
increase  in  the  cost  of  filtration,  both  in  capital  charges  and  in  opera- 
tion. From  1899  until  1906  the  cost  of  operation,  including  the  cost 
of  low-lift  pumping,  was  approximately  $5  per  million  gallons  of 
water  filtered;  and  the  total  cost  of  filtration,  including  capital  charges," 
was  about  $10  per  million  gallons.  During  the  year  ending  September 
30th,  1909,  the  cost  of  operation  had  increased  to  $7.63  per  million 
gallons,  and  the  total  cost  of  filtration  to  $15.92  per  million  gallons,  or 
approximately  50%  in  three  years. 

TAELE   27. — Eesults  of  Bacteriological  Analyses  of   Samples  of 

Water  at  Peekskill,  N.  Y.,  Before  and  After  Filtration. 

Bacteria  per  cubic  centimeter. 


Date. 

Raw 
water. 

Clear 
reser- 
voir. 

Effluent 
No.  1. 

Effluent 
No.  2. 

Effluent 
No.  3. 

Effluent 
No.  4. 

Tap  in 

city. 

1909. 
December  29th 

1910. 

February  15th 

March  31st 

190 

135 
225 
300 
300 
60 
550 
315 

415 

100 

to 

50 
29 
44 
5 
14 
22 

7 

10 
25 
22 
9 
0 
12 
26 

8 

30 
45 
26 
3 
4 
14 
17 

4 

20 
60 
35 
41 

1 
38 

6 

6 

43 
10 
13 

265 
35 

May  18th 

36 

.luly  6th 

31 

15 

October  3d 

November  21st 

1911. 
January  25th 

7 

277 

30 

14 

16 

26 

22 

65 

Tests  for  B.  Coli. 


Quantity  of  water  tested. 

Percentage  of  Samples  Contain- 
ing B.  Coli. 

Raw. 

Filtered. 

0. 1  cu.  cm 

0 

20 
40 

0 

1 . 0  cu.  cm 

0 

0 
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As  a  matter  of  record,  the  results  of  a  series  of  analyses  made  at  Mr. 
Peekskill,  N.  Y.,  during  1910  are  presented  in  Table  27.  A  sand  '^^^^' 
filter  was  constructed  for  the  water  supply  of  this  city  in  1909,  and 
put  in  operation  in  December.  The  filter  has  a  capacity  of  4  000  000 
gal.  per  day.  The  supply  is  taken  from  Peekskill  Creek,  and  the 
water  receives  about  one  week's  nominal  storage  before  flowing  to  the 
filters.  An  aerator  is  used  before  filtration  during  the  summer,  when 
algae  are  likely  to  develop  in  the  reservoir.  The  filter  was  installed 
after  an  epidemic  of  typhoid  which  was  apparently  caused  by  an  infec- 
tion of  the  water  supply.  Normally,  the  water  has  been  little  contami- 
nated, but  the  supply  is  subject  to  accidental  contamination  at  any 
time,  among  other  possible  sources  of  infection  being  the  camps  of 
workmen  now  engaged  in  constructing  the  Catskill  Aqueduct  for 
New  York  City. 

TABLE  28. — Average  Eesults  of  Chemical  Analyses  at  Peekskill, 
N.  Y.,  Made  at  Intervals  of  Six  Weeks  During  1910. 


Pauts  per  Million. 

Parts  per  Million. 

Raw 
water. 

Filtered 
water. 

Raw 
water. 

Filtered 
water. 

2. 
25. 

0.112 

0.024 
0.001 
0.06 

0 
20. 

0.076 

0.006 
O.OOl 
0.06 

70. 

19.00 

50.00 

0.17 

38.70 

33.90 

4.60 

2.60 

76  00 

Color 

Loss  on  ignition 

17  00 

Nitrogen  as  albuminoid 

59.00 

0  13 

Nitrogen  as    free   am- 

Total  hardness 

lAlkaliiiits' 

45.10 
42  60 

Nitrogen  as  nitrites 

4  50 

Nitrogen  as  nitrates. . . 

2.70 
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THE  PITTSBURG  AND  LAKE  ERIE  RAILROAD 

CANTILEVER  RRIDGE  OVER  THE  OHIO 

RIVER  AT  BEAVER,  PA. 

Discussion.* 


By   Messrs.    C.    W.   Hudson,   Henry    S.   Prichard,   and 
Albert  B.  Hager. 


Mr.  C.  W.  Hudson,  M.  Am.  Soc.  C.  E.  (by  letter).— The  form  of  truss 

Hudson.  ^(jQp^g(j  £qj.  j.]^jg  bridge  is  typical  of  American  practice.  It  is  possible, 
however,  that  the  form  has  been  too  closely  adhered  to,  and  that  many 
of  its  supposed  advantages  are  illusory. 

Where  the  requirements  of  grade  and  clearance  demand  a  floor  of 
small  depth,  the  conditions  are  usually  met,  as  in  this  case,  by  some 
form  of  subdivided  truss.  This  introduces  in  the  same  main  panel  of 
the  cantilever  arm  a  vertical  member,  which  receives  its  maximum 
live  load  from  the  floor-beam  at  its  foot,  and  a  horizontal  member, 
which  is  stressed  to  the  maximum  either  with  or  without  the  load  at 
the  foot  of  the  sub-vertical.  The  sub-vertical  cannot  be  cambered  for 
both  conditions  of  maximum  stress  in  the  chord,  and,  therefore,  the 
chord  is  subject  to  considerable  transverse  load  in  addition  to  its 
direct  stress.  As  they  carry  only  one  panel  load  the  sub-verticals  are 
small  members  and  cannot  properly  hold  all  parts  of  the  chord  against 
column  failure  as  they  are  generally  assumed  to  do. 

Those  sub-members  which  are  not  subject  to  primary  stress  and  are 
intended  only  to  shorten  the  unsupported  lengths  of  compression  mem- 
bers, sometimes  pull  or  push  the  latter  seriously  out  of  line,  and  as 
they  are  small  in  section  and  long  in  length  do  not  properly  accom- 
plish the  duty  for  which  they  are  intended. ^ 

*This  discussion  (of  the  paper  by  Albert  R.  Raymer,  M.  Am.  Soc.  C.  E„  published  in 
/'roceedtnj/sfor  January,  1911.  and  presented  at  the  meetine  of  March  15th,  1911),  is  printed 
in  Proceedings  in  order  that  the  views  expressed  may  be  brought  before  all  members  for 
further  discussion. 
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TliL'  size  of  the  sub-verticals,  with  reference  to  the  main  post  and  Mr. 
iiuiiu  diagonals  at  the  main  piers,  is  clearly  shown  on  Plate  V,  while 
the  size  of  the  bottom  chords  is  not  shown  in  direct  relation  to  the  sub- 
vertical.  It  can  be  stated  that  while  they  are  large  enough  to  hold  the 
chords  in  a  definite  position  in  a  vertical  plane,  they  cannot  fully  hold 
them  from  twisting  and  failure  about  their  plane  of  least  resistance  to 
llcxurc.  The  theory  of  flexure,  and  tests  on  full-sized  columns,  show 
that  tlu'  plane  of  least  resistance  to  flexure  is  not  in  general  that  of 
cither  of  the  principal  axes  of  the  member. 

Careful  study  of  the  displacements  which  the  panel  points  of  a  sub- 
divided truss  must  undergo  under  the  action  of  live  load  raises  serious 
(jucstion  as  to  the  usefulness  of  sub-members,  and  for  trusses  of  great 
height  and  relatively  short  main-panel  length,  they  may  be  a  source  of 
danger. 

It  is  believed  that  a  long  truss  shoidd  have  a  long  panel  length 
which  should _be  nearly  equal  to  the  truss  depth  at  any  point,  in  order 
that  secondary  stresses  may  be  small. 

There  is  no  question  but  that  the  floor  may  be  kept  shallow  in  a 
long  panel,  and  that  long  ])anels  may  be  erected  by  the  use  of  temporary 
members. 

For  short  spans,  the  pin-connected  truss  with  tension  members  of 
eye-bars  has  been  driven  out  of  use  by  a  better  truss  having  riveted 
joints  and  tension  members  of  such  form  that  their  component  parts 
are  made  to  act  as  a  unit  and  to  permit  of  making  suitable  connection 
between  the  members  meeting  at  a  point. 

It  is  believed  by  many  engineers  that  the  riveted  truss  for  long 
spans  is  decidedly  superior  to  the  eye-bar,  pin-connected  form,  although 
this  has  not  been  completely  proven  by  the  results  of  experience. 

This  structure  may  be,  and  undoubtedly  is,  safe  in  every  way,  but 
the  same  result  could  have  been  accomplished  better  by  a  riveted  truss 
without  sub-members. 

Henry  S.  Priciiard,  M.  Am.  Soc.  C.  E.  (by  letter).— The  Ohio  Mr. 
River  Railroad  Bridge  at  Beaver,  Pa.,  is  one  of  the  great  bridges  of 
the  world.  It  is  notable  not  only  for  its  size,  capacity,  and  safety,  but 
for  the  foresight,  care,  and  skill  with  which  it  was  designed  and  con- 
structed; the  originality  and  ingenuity  by  which  some  of  the  problems 
presented  were  nuistered;  and  the  complete  success  which  rewarded  the 
work  of  the  engineers  whn  iilniuicd  it  and  supervised  its  fabrication 
and  erection. 

In  view  of  the  importance  of  the  bridge  and  the  ever-increasing 
loads  on  American  railways,  it  was  wise  to  provide  for  a  load  of  6  000 
lb.  per  lin.  ft.  of  each  track,  and  corresponding  engines;  and  in  view 
of  this  heavy  load  and  of  the  daring,  not  to  say  hazardous,  unit  stresses 
permitted  in  some  large  bridges,  it  is  refreshing,  and  tends  to  restore 
confidence  in  American  bridge  engineering  to  have  the  author  refer 
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Mr.  to  the  limiting  stresses  for  combined  dead  load,  live  load,  and  ample 
Prichard.  ii^p^ct — 16  000  lb.  per  sq.  in.  in  tension  and  14  000  lb.  in  compression 
— as  high. 

The  regard  for  the  life  and  safety  of  the  bridge  displayed  in  the 
choice  of  loads  and  unit  stresses  was  consistently  carried  into  the  design 
of  the  details  and  the  supervision  of  the  shopwork  and  erection. 

The  horizontal  girders  which  would  protect  the  bridge  and  guard 
against  accident  in  case  of  derailment,  by  compelling  the  train  to  skid 
over  the  ties  instead  of  bumping  into  the  trusses,  and  the  extra 
stringers  to  support  the  ties  in  case  the  train  should  skid,  will  probably 
never  be  needed,  but  if  they  ever  should  be,  they  will  be  very  much 
needed.  They  constitute  an  insurance  against  accident  to  life  and 
property  of  a  very  satisfactory  kind  which  substitutes  prevention  for 
compensation  and  is  well  worth  all  it  cost. 

The  radial  roller  bearings  under  the  towers  at  the  ends  of  the 
channel  span  solve  in  a  very  satisfactory  way  the  problem  presented  by 
secondary  stresses  in  chords  and  unequal  pressure  on  masonry  by  prac- 
tically avoiding  them.  This  detail  was  expensive,  but  its  cost  was  a 
mere  bagatelle  in  comparison  with  the  total,  and  it  may  prolong  the  life 
of  the  bridge  many  years  and,  in  the  meantime,  will  contribute  to  its 
reliability. 

In  this  connection  it  is  well  to  point  out  that  the  enormous  load  on 
the  channel  piers,  by  reason  of  the  problem  presented  of  designing 
satisfactory  shoes  and  details,  is  doubtless  responsible  for  the  tall 
tower  posts  which  divert  to  themselves  a  considerable  portion  of  the 
load  which  otherwise  would  travel  down  the  diagonal  end  posts,  as  a 
straight  top  chord  between  the  ends  of  the  diagonal  end  posts  would 
have  been  more  economical  as  regards  the  weight  of  the  main  section 
of  the  trusses. 

The  problem  of  secondary  stresses  induced  by  the  endeavor  of  the 
floor  system  to  take  part  of  the  chord  stresses  has  been  avoided  by  pro- 
viding for  expansion  in  rail  joints  and  in  connections  of  stringers  to 
floor-beams.  This  problem  is  a  serious  one,  in  long-span  bridges,  and 
is  often  neglected,  with  the  result  that  serious  horizontal  bending 
stresses  are  developed  in  the  flanges  of  the  floor-beams,  and  tension  in 
the  rivets  connecting  the  stringers  to  the  floor-beams. 

The  author  calls  attention  to  the  fact  that: 

"The  dead-load  stresses  were  computed  from  weights  figured  from 
the  stress  sheets.  This  method  was  repeated  until  the  sections,  com- 
puted on  the  basis  of  the  actual  dead  load,  figured  from  the  shop  draw- 
ings, came  within  2%  of  the  sections  used." 

This  careful  and  conscientious  method  should  be  a  universal  prac- 
tice in  designing  long-span  bridges  (in  which  the  dead  load  is  such  a 
large  proportion  of  the  total),  and  not  a  matter  for  special  commenda- 
tion, but  prominent  cases  in  which  it  was  not  followed  and  in  which 
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I  he  dead- load  stresses  were  greatly  under-estimated,  are  yet  fresh  in      Mr. 

,1  •  X  •  Prichard. 

tlic  memories  oi  engineers. 

The  study  which  was  given  in  advance  to  diflficulties  likely  to  arise 
in  building  and  connecting  such  massive  members,  and  the  efficient 
manner,  of  which  the  author  makes  mention,  in  which  the  inspectors 
discussed  such  difficulties  in  advance  with  millmen  and  shopmen,  are 
especially  to  be  commended.  It  is  hoped  that  the  author  will  describe 
some  of  these  difficulties  and  the  efficient  manner  in  which  they  were 
overcome. 

The  success  achieved  in  anticipating  and  providing  in  advance  for 
the  difficulties  to  be  encountered  in  carrying  out  the  plans,  and  the 
precision  with  which  the  work  went  together  and  maintained  its  proper 
levels  and  alignment  during  erection,  were  due  to  the  large  range  of 
pertinent  talent  in  the  employ  of  the  Railroad  and  the  Contractor,  and 
the  broad-mindedness  of  the  Chief  Engineer  and  Assistant  Chief 
Engineer  of  the  Railroad,  who  exemplified  the  difference  between  self- 
confidence  and  self-sufficiency  by  deriving  the  full  benefit  of  the  talent 
at  their  command,  by  keeping  in  touch  and  discussing  important  points 
with  other  members  of  their  profession,  and  by  keeping  in  their  own 
hands  the  final  decision  of  all  important  matters. 

The  bridge  marks  an  advance  in  bridge  engineering,  and  should  be 
a  precedent  for  other  large  structures. 

Albert  B.  Hager,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). — There  are  Mr. 
three  features  connected  with  the  design  and  fabrication  of  this  bridge  ^^^*^''' 
which  can  well  be  emphasized,  as  they  may  otherwise  be  lost  sight  of 
in  the  many  more  impressive  facts  involved  in  the  execution  of  this 
project.  The  thorough  manner  in  which  these  three  features  were 
taken  care  of  shows  clearly  that  the  Railroad,  the  Consulting  Engineer, 
and  the  Contractor,  all  had  a  proper  appreciation  of  their  great 
importance. 

These  features  are : 

(1)  The  care  exercised  in  determining  the  true  dead  load  from 
which  the  dead-load  stresses  were  computed; 

(2)  The  fact  that  the  structure  was  practically  assembled  in  place 
at  the  shop,  instead  of  depending  largely  on  reaming  to 
templets  for  the  accuracy  of  shopwork  and  the  fit  of  field 
connections ; 

(3)  "The  fact  that  the  material  and  the  work  were  in  a  certain 
sense  inspected  before  the  work  was  done." 

(1). — It  would  hardly  seem  necessary  to  call  attention  to  the 
importance  of  determining  the  true  dead  loads  for  long  and  large 
structures  in  which  the  dead-load  stresses  form  such  a  large  proportion 
of  the  total  stresses.     For  these  comparatively  unusual  structures,  the 
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Mr.    data,  ordinarily  at  hand  for  predicating  the  dead  load  with  reasonable 
^^^^'  accuracy,    do    not   exist,    and    therefore   the   true   dead   load   must   be 
determined  by  successive  approximations  based  on  the  actual  design. 

It  is  unfortunately  true,  however,  that  some  large  bridges  have 
been  built  without  checking  up  the  assumed  dead  load  properly,  and 
subsequent  investigations  have  shown  that  these  assumed  dead  loads 
were  considerably  below  the  actual  weight  of  the  completed  structures. 
It  will  be  remembered  that  the  Royal  Commission  which  investigated 
the  causes  of  the  collapse  of  the  Qviebec  Bridge  found  that  the  dead 
load  used  in  the  design  under-ran  the  weight  of  the  finished  structure 
by  an  amount  sufficient  to  have  required  the  condemnation  of  the 
bridge,  if  completed  as  designed.  The  writer  has  participated  in  the 
investigation  of  the  strength  of  two  of  our  largest  bridges.  In  the 
first  of  these  the  purpose  of  the  investigation  was  to  determine  whether 
the  live  load  could  be  increased  without  rendering  the  structure  unsafe, 
and  it  was  found  that  this  could  not  be  done^not  because  of  the 
increased  live-load  stresses,  but  because  the  dead-load  stresses,  com- 
puted from  the  weight  of  the  completed  structure,  exceeded  those  used 
in  the  original  design  by  nearly  one-third.  In  the  second  of  these 
investigations,  it  was  found  that  under-estimating  the  dead  load  was 
one  of  three  contributing  causes  to  the  weakness  of  the  structure  under 
the  specified  live  loads. 

The  dead-load  stresses  in  bridges  of  unusual  size  or  construction 
should  be  re-computed  after  the  completion  of  the  working  drawings, 
and  the  sections  revised  if  necessary,  and  no  shopwork  should  be 
begun  until  this  has  been  done. 

(2). — The  practice  of  reaming  field  connections  to  templets,  which 
has  been  generally  used  by  fabricating  companies  with  ordinary 
structures,  is  one  which  the  writer  believes  to  be  decreasing,  and  one 
which  will  decrease  still  more.  The  efficiency  of  these  templets  depends 
as  much  on  the  accuracy  of  their  setting,  as  on  their  accuracy  of  con- 
struction, and  this  requires  supervision  of  a  grade  not  generally  to  be 
obtained  at  a  bridge  shop. 

The  inspector  cannot  check  up  the  fit  of  field  connections,  on  the 
finished  members,  with  the  same  accuracy  as  is  possible  in  laying  out 
the  unassembled  material.  The  cost  of  assembling  structures  complete 
at  the  shop  may  be  slightly  greater  than  that  of  reaming  the  field  con- 
nections to  templets,  but  the  increased  certainty  of  easy  erection  and 
freedom  from  back  charges,  for  correcting  shop  errors  in  the  field, 
should  go  far  toward  offsetting  this.  The  perfection  with  which  the 
members  of  this  structure  went  together  in  the  field  is  undoubtedly 
due  in  large  measure  to  the  fact  that  they  had  already  been  assembled 
in  place  at  the  shop.  Many,  but  not  all,  of  our  large  structures  have 
been  thus  assembled,  and  this  practice  should  be  made  general. 
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(3). — A  completed  steel  member  which  has  not  been  properly  Mr 
fabricated  is  at  best  a  ditHcult  thing  to  repair  so  that  it  will  satis- ""^^'■• 
factorily  serve  its  purpose,  and  very  frequently  it  cannot  be  repaired. 
At  the  same  time,  these  unsatisfactory  members  represent  a  greater 
or  less  amount  of  the  contractor's  money,  and  their  unqualified  rejec- 
tiou  works  a  very  considerable  (even  though  deserved)  hardship  on 
him.  The  problem  of  where  to  draw  the  line  in  this  question,  and 
when  to  say  that  a  member  can  be  satisfactorily  repaired  and  when 
not,  is  the  hardest  one  that  the  inspector  has  to  face,  but  it  is  one 
that  is  continually  being  presented  to  him.  Inspectors,  as  a  class,  are 
not  men  of  technical  education  or  experience  in  other  departments  of 
the  work  than  their  own,  and  yet  are  subject  to  the  temptation  to 
decide  matters,  involving  considerations  with  the  importance  of  which 
they  are  not  familiar,  without  referring  these  questions  to  the  proper 
authorities,  because  of  the  delay  which  this  would  involve,  and  the 
pressure  they  are  under  not  to  hold  up  the  progress  of  the  work. 

For  these  reasons,  the  writer  believes  that  the  most  important  part 
of  shop  inspection  is  not,  as  is  frequently  assumed,  the  checking  up  of 
the  dimensions  and  connections  of  the  completed  material,  but  the 
inspection  which  Mr.  Kaymer  refers  to  as  taking  place  before  the  work 
is  done.  A  careful  study,  by  the  inspector,  of  the  methods  in  vogue  at 
the  particular  shop  in  question,  and  the  talking  over  of  the  difficult 
points  with  the  shop  superintendent  and  foremen,  will  usually  secure 
work  of  much  better  quality,  and  with  much  less  friction,  than  can 
otherwise  be  done.  This  will  also  tend  to  remove  the  feeling  of 
antagonism  which  the  shopmen  freciuently  have  for  the  inspector. 

The  same  reasoning  applies  to  the  inspection  of  the  material  at 
the  mills,  and  its  more  general  application  would  lead  to  securing 
better  material  and  more  efficient  inspection. 
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MEMOIRS  OF  DECEASED  MEMBERS 

Note.— Memoirs  will  be  reproduced  in  the  volumes  of  Transactions.  Any  information 
which  will  amplify  the  records  as  here  printed,  or  correct  any  errors,  should  be  forwarded 
to  the  Secretary  prior  to  the  final  piibhcation. 


JAMES  ARCHBALD,  M.  Am.  Soc.  C.  E. 


Died  October  4th,  1910. 


By  the  death  of  James  Archbald,  this  Society  loses  one  of  its  oldest 
and  most  highly  esteemed  members,  and  one  who  will  be  sadly  missed 
at  its  annual  reunions,  at  which  he  was  a  most  constant  attendant. 

James  Archbald  was  born  at  Sand  Lake,  N.  Y.,  the  temporary  resi- 
dence of  his  parents,  on  February  13th,  1838.  He  was  a  son  of  James 
and  Augusta  T.  Archbald,  and  was  of  mixed  Scotch  and  New  England 
ancestry.  His  father  was  born  on  the  Little  Cumbrae  Isle,  off  the 
coast  of  Ayrshire,  Scotland,  being'  descended  on  his  mother's  side  from 
the  Reverend  Robert  Wodrow,  a  prominent  Presbyterian  divine  and 
writer;  and  his  mother  was  the  daughter  of  Major  Thomas  Frothing- 
ham,  of  the  well-known  family  of  that  name  of  Charlestown,  Mass. 

James  Archbald,  Senior,  was  connected  with  the  Delaware  and 
Hudson  Canal  Company  for  nearly  thirty  years,  its  mining  operations 
at  Carbondale,  Pa.,  being  under  his  superintendence  from  a  very  early 
date.  He  was  afterward  Chief  Engineer  of  the  Delaware,  Lackawanna 
and  Western  Railroad  for  some  fourteen  years,  being  stationed  at 
Scranton,  Pa. 

Following  in  the  footsteps  of  his  father,  Mr.  Archbald  took  up  the 
Engineering  Profession.  He  prepared  for  c'ollege  in  private  schools 
at  Carbondale,  Pa.,  and  at  Manlius,  N.  Y.  After  some  little  experience 
in  the  field,  he  entered  Union  College,  taking  the  Engineering  course, 
then  under  the  brilliant  direction  of  Professor  Gillespie,  and  was 
graduated  with  high  honors  in  the  Class  of  1860.  In  the  meantime, 
in  1857,  his  family  had  moved  to  Scranton,  Pa.,  and  there,  after  his 
graduation,  Mr.  Archbald  became  associated  as  Civil  Engineer  with  the 
Delaware,  Lackawanna  and  Western  Railroad  in  the  capacity 
of  Assistant  to  his  father.  On  his  father's  death,  in  1870,  he  was 
advanced  to  the  Chief  Engineership,  and  remained  with  the  company 
in  that  position  until  1899,  giving  it  nearly  forty  years  of  service. 

The  Archbalds — father  and  son — were  thus  identified  with  the 
development  of  the  two  great  coal  companies  of  the  Northern  Anthra- 
cite Region,  The  Delaware  and  Hudson,  and  The  Delaware,  Lacka- 
wanna and  Western,  their  joint  association  with  these  companies 
extending   over   a   period   of   more   than    seventy   years.      Among   the 
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engineering'  achievements  in  which  the  older  Archbald  participated 
was  the  change  of  the  Delaware  and  Hudson,  in  the  middle  Fifties, 
to  a  gravity  road  between  Carbondale  and  Honesdale,  previous  to 
which  time  the  cars  were  drawn  back  and  forth,  from  one  plane  to 
the  other,  on  a  dead  level,  by  horses;  and  its  extension  as  a  loco- 
motive road  from  Carbondale  in  the  direction  of  Scranton.  The 
younger  man  was  engaged  on  the  Delaware,  Lackawanna  and  Western 
Railroad,  in  the  completion  of  the  Van  Ness  Gap  Tunnel  at  Oxford, 
N.  J.;  the  building  of  the  Bergen  Tunnel  at  Hoboken,  and  the  ap- 
proaches to  it  across  the  Hackensack  Meadows;  and  the  extension  of 
the  railroad  from  Great  Bend,  Pa.,  its  previous  terminus,  first  to 
Binghamton,  and  then  to  Utica  and  Buffalo,  with  the  arrangement 
of  the  terminals  in  the  latter  city.  The  construction  of  the  Bergen 
Tunnel,  with  its  approaches,  and  the  Buffalo  extension,  were  under 
]\[r.  Archbald's  immediate  direction  as  Chief  Engineer,  and  may  be 
regarded  as  monuments  to  his  superior  skill  and  energy. 

In  August,  1862,  the  darkest  period  of  the  Civil  War,  Mr.  Archbald 
enlisted,  and  was  made  Captain  of  Company  I  of  the  One  Hundred 
and  Thirty-second  Pennsylvania  Volunteers,  which  was  recruited  from 
Delaware,  Lackawanna  and  Western  Railroad  men;  and  with  his 
company,  a  month  later,  he  took  part  in  the  battle  of  Antietam,  being 
under  fire  at  one  of  the  most  exposed  and  bloodiest  points  in  that 
memorable  battle.  He  served  until  January,  1863,  when  he  applied  for 
and  obtained  a  discharge,  being  threatened  with  permanent  deafness 
due  to  exposure. 

In  1883,  without  severing  his  relation  with  the  Delaware,  Lacka- 
wanna and  Western  Railroad,  but  being  relieved  of  some  of  his  more 
active  duties,  Mr.  Archbald  became  interested  in  the  Barber  Asphalt 
Paving  Company,  and  took  charge  of  its  paving  work  in  different 
sections  of  the  country — Buffalo,  New  Orleans,  St.  Louis,  Omaha,  and 
Portland.  Later,  however,  he  severed  this  connection  and  resumed 
his  work  with  the  Delaware,  Lackawanna  and  Western  Railroad,  con- 
tinuing with  that  Company  until  1899. 

After  his  retirement,  Mr.  Archbald  gradually  gave  up  his  profes- 
sional activities,  but  was  called  at  times  to  important  undertakings. 
In  the  winter  of  1900  he  had  charge  of  a  survey  to  connect  the  various 
independent  collieries  in  the  Lackawanna  and  Wyoming  coal  regions, 
with  the  Erie  and  Wyoming  Railroad,  looking  to  the  building  of  a 
new  anthracite  coal  road  to  tidewater.  After  the  abandonment  of 
that  project  he  laid  out  a  line  of  railroad  across  the  Allegheny  Moun- 
tains, in  West  Virginia,  for  the  Cherry  River  Lumber  Company,  to 
connect  with  the  Chesapeake  and  Ohio  Railroad.  He  also,  in  1902, 
made  surveys  for  the  extension  of  the  West  Virginia  Central  Rail- 
road to  tidewater,  a  project  made  unnecessary  by  the  purchase  of  the 
Western  Maryland.     His  last  professional  work  was  as  Chief  Engineer 
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of  the  Mississippi  Central  Railroad,  laying  out  and  superintending 
the  construction  of  its  road  across  the  State  of  Mississippi,  from 
Natchez  to  Hattiesburg,  with  a  projected  extension  to  the  Gulf  at 
Scrauton,  Miss.,  with  which  he  was  occupied  from  1905  to  1907,  retir- 
ing finally,  at  the  conclusion  of  this  work,  with  powers  unimpaired, 
at  the  age  of  seventy. 

Mr.  Archbald  was  a  Member  of  the  Institute  of  Mining  Engineers, 
and  was  one  of  the  Founders  and  the  first  President  of  the  Scranton 
Engineers'  Club.  He  was  a  Director  of  the  Third  National  Bank  of 
Scranton,  from  its  organization  in  1872 ;  a  Director  of  the  Scranton  Gas 
and  Water  Company,  a  Trustee  and  Vice-President  of  the  Albright 
Memorial  Library,  and  a  Director  of  the  Pennsylvania  Oral  School 
for  the  instruction  of  deaf  children.  He  was  also,  for  a  number  of 
years,  a  Director  of  the  Scranton  Savings  Bank. 

On  January  25th,  1865,  he  was  married  to  Miss  Maria  H.  Albright, 
a  daughter  of  the  late  Joseph  J.  Albright,  General  Sales  Agent  for  the 
Delaware  and  Hudson  Company,  and  his  widow  and  six  children.  Col. 
James  Archbald,  of  Pottsville,  Pa.;  Joseph  A.  Archbald,  of  Buffalo, 
N.  Y.;  Mrs.  John  C.  Kerr,  of  Englewood,  IST.  J.;  Rev.  Thomas  F. 
Archbald,  Mrs.  John  H.  Brooks,  and  Miss  Ruth  S.  Archbald,  of 
Scranton,  survive  him.  He  is  also  survived  by  his  youngest  brother. 
United  States  Judge,  Hon.  Robert  Wodrow  Archbald. 

In  August,  1910,  Mr,  and  Mrs.  Archbald  went  to  Europe  for  a 
three  months'  tour.  It  was  purely  a  pleasure  trip,  and  was  to  extend 
through  Switzerland,  Austria,  and  Italy.  Mr.  Archbald  was  apparently 
in  the  best  of  health  and  spirits;  but  it  was  found  that  his  heart 
was  affected  by  the  high  altitudes  of  the  Tyrol,  and  he  went  to 
Vienna,  for  medical  examination,  and  was  declared  to  have  no  organic 
infirmity,  but  was  advised  not  to  exert  himself  unnecessarily.  Journey- 
ing on  to  Venice,  he  seemed  to  improve,  and  spent  a  week  in  that 
city,  but  just  as  he  was  leaving,  on  October  4th,  he  was  stricken 
at  the  station,  and  died  the  same  evening  in  a  hospital.  Thus  passed 
away  one  who  loved  and  deserved  well  of  the  Profession,  and  who  was 
loved  and  respected  by  all  who  knew  him. 

Mr.  Archbald  was  genial,  unassuming,  of  simple  presence,  of 
sterling  integrity,  and  a  hater  of  shams.  He  was  possessed  of  the 
liighest  engineering  ability,  especially  in  the  field,  which  was  his 
school  rather  than  the  office.  It  is  not  necessary  to  dwell  on  his 
characteristics  to  those  who  had  the  pleasure  of  his  acquaintance; 
but,  for  those  who  had  not,  let  it  be  recorded,  that  no  better  friend, 
no  worthier  citizen,  no  more  active  and  few  more  able  engineers,  could 
be  found. 

Mr.  Archbald  was  elected  a  Member  of  the  American  Society  of 
Civil  Engineers  on   May  15th,   1872. 
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JAMES  HENRY  COVODE,  M.  Ain.  Soc.  C.  E.* 


DiKD  September  9th,  1909. 


Janios  Ileni-y  Covode  was  born  in  Westmoreland  County,  Pennsyl- 
vania, on  October  18th,  1858.  He  was  a  son  of  the  Honorable  John 
Covode,  a  Repivsontative  in  Congress  for  twenty-six  years,  covering 
the  period  of  the  War  of  the  Rebellion,  during  which  he  earned  the 
title  of  "Honest  John  Covode"  as  a  Member  of  the  War  Committee. 
He  subsequently  served  as  a  Member  of  the  Committee  to  investigate 
the  charges  against  President  Buchanan.  Mr.  Covode's  mother  was 
JNlargaret  Poale,  a  descendant  of  Rembrandt  Peale,  the  famous  artist. 

After  preparing  at  the  Chester  Military  Academy,  he  was  graduated 
with  the  degree  of  Civil  Engineer  from  the  Rensselaer  Polytechnic 
Institute  in  1882.  After  graduation,  he  went  to  the  Pennsylvania 
Railroad  in  charge  of  construction  on  the  Sea  Isle  City  Branch  until 
tile  autumn  of  1883,  when  he  was  put  in  charge  of  the  piers,  wharves, 
and  freight-house  construction  at  Canton,  Baltimore,  Md.,  until  Feb- 
ruary, 18S4.  He  was  then  tranferred  to  the  Maintenance-of-Way 
Department,  and  subsequently  was  attached,  for  one  year,  to  the  Gen- 
eral Superintendent's  office  as  Assistant  Engineer  in  charge  of  surveys 
in  the  field.  In  1886,  he  was  transferred  to  Pittsburg,  Pa.,  in  charge  of 
the  reconstruction  of  the  Pittsburg  Yard,  in  connection  with  the  intro- 
duction of  interlocking  switches  and  signals. 

In  February,  1888,  Mr.  Covode  left  the  service  of  the  Pennsylvania 
Railroad  and  became  Chief  of  Party  on  the  location  of  the  projected 
Nicaragua  Canal,  under  General  Menocal,  on  which  work  he  remained 
for  nearly  two  years.  In  1889,  he  was  invited  to  become  Consulting 
Engineer  for  Don  Eduardo  Casey,  a  wealthy  citizen  of  the  Argentine, 
who  was  engaged  in  large  undertakings  in  that  Republic.  Mr.  Covode 
retained  this  position  until  the  failure  of  Baring  Brothers  put  a 
temporary  end  to  development  plans  in  the  Argentine  Republic. 

Returning  to  the  United  States,  Mr.  Covode  became  interested  in 
contracts  for  building  a  portion  of  the  Midvale  Branch  of  the  Penn- 
sylvania Railroad.  In  1893,  he  associated  himself  with  the  California 
Alcatraz  Asphalt  interests,  and  introduced  this  pavement  into  a 
number  of  Eastern  cities.  He  continued  to  be  interested  in  the  Asphalt 
Company  until  the  formation  of  the  Trust  in  1899. 

After  1899  Mr.  Covode  became  engaged  in  mining  ojierations  in 
California,  Nevada,  and  Mexico,  in  which  he  continued  until  his  death, 
which  was  caused  by  over-exertion  in  high  altitudes  in  Bolivia,  South 
America.  He  had  gone  to  Bolivia,  in  the  interest  of  a  New  York  syn- 
dicate, to  look  over  the  mining  developments  in  the  Andes,  travel- 

*  Memoir  prepared  by  A.  H.  Renshaw,  31.  Am.  Soc.  C.  E. 
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ing-  into  altitudes  of  20  000  ft.,  and  on  his  return  to  La  Paz,  he  died 
suddenly  from  the  effect  of  the  undue  strain  on  his  heart. 

In  i'ebruary,  1897,  he  married  Miss  Louise  Bournonville  Moulder, 
of  San  Francisco,  Cal.,  who  alone  survives  him. 

Mr.  Covode  was  a  worthy  son  of  a  worthy  father,  and  deserved  the 
honorable  title  of  "Honest"  in  the  same  sense  that  his  father  had 
earned  it  in  war  times.  He  also  had  a  very  lovable  character.  His 
self-sacrificing  loyalty  to  friends  and  to  those  who  trusted  themselves 
or  their  interests  to  him,  was  the  most  marked  of  his  many  sterling 
qualities,  leading  him  too  frequently  to  subordinate  his  interests  and 
welfare  to  those  of  others. 

He  was  an  able  Engineer,  and  his  varied  experience  would  have 
fitted  him  for  many  years  of  usefulness  in  the  Profession,  but  for  his 
untimely  death. 

Mr.  Covode  was  elected  a  Member  of  the  American  Society  of  Civil 
Engineers  on  April  2d,  1890.  He  was  also  a  member  of  the  San 
Francisco  Association  of  Members  of  the  American  Society  of  Civil 
Engineers,  of  the  Engineers  and  Delta  Phi  Clubs  of  New  York  City, 
and  of  the  English  Club  of  Monte  Video,  Argentine  Republic. 


HENRY  HARDlNt},  M.  Am.  Soc.  C.  E.* 


Died  October  23d,  1910. 


Henry  Harding  was  born  on  December  10th,  1837,  at  Hartland,  Vt., 
where  his  father,  Dr.  .Tohu  Harding,  was  a  physician  for  many  years. 

He  studied  engineering  under  Mr.  Job  Atkins,  a  mining  engineer 
of  Richmond,  Va.,  during  1859-60,  and  was  afterward  engaged  on 
the  construction  of  the  Hudson  River  Railroad. 

From  1865  to  1870,  Mr.  Harding  was  employed,  under  General 
Grenville  M.  Dodge,  on  the  survey  and  construction  of  the  Union 
Pacific  Railway.  He  was  also  employed  on  the  Adirondack,  Housa- 
tonic,  and  Naugatuck  Railroads,  in  charge  of  construction  and  in 
various  other  capacities. 

From  1871  to  1895,  he  was  engaged  at  intervals  by  the  United 
States  Corps  of  Engineers  in  charge  of  river  and  harbor  improve- 
ments and  other  work,  and  was  wont  to  recall  with  especial  pride 
the  construction  of  the  fortifications  of  Fort  Adams,  at  Newport,  R.  I., 
in  1871-73. 

While  in  the  employ  of  the  Government,  Mr.  Harding  contracted 
malaria,  and,  in  1895,  he  retired  to  his  home  at  Hartland  Four  Comers, 
Vt.,  where  he  continued  to  live  until  his  death. 

Mr.  Harding  was  a  man  of  wide  acquaintance  and  high  reputa- 
tion in  his  Profession,  to  which  he  was  devoted,  and,  although  living 
♦Memoir  prepared  by  the  Secretary  from  information  on  file  at  the  House  of  the  Society. 
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in  a  secluded  country  village,  he  kept  well  abreast  of  all  the  improved 
methods  and  was  familiar  with  all  new  instruments  used  in  engineering 
work.  At  the  time  of  his  death,  he  was  engaged  as  Engineer  in 
charge  of  the  construction  of  the  new  sewerage  system  of  Windsor,  Vt. 

M  r.  Harding  was  the  embodiment  of  painstaking  accuracy  and 
serupulous  honor,  and  any  work  done  under  his  superintendence 
was  honestly  constructed  and  fully  served  its  purpose.  He  was  of  a 
gonial  and  courteous  manner,  modest,  kind-hearted,  and  drily  humor- 
o\is,  an  agreeable  and  interesting  social  companion.  He  never 
iiuiiried,  and  is  survived  by  several  nephews  and  nieces. 

Mr.  Harding  was  elected  a  Member  of  the  American  Society  of 
('ivil  Engineers  on  May  Tth,  1873. 


EVELYN  PIERREPONT  ROBERTS,  31.  Am.  Soe.  C.  E. 


DiKD  Dkckmber  30tii,  1910. 


Evelyn  Pierrepont  Roberts  was  born  at  Eort  Leavenworth  on 
Christmas  Day,  1848,  when  what  is  now  the  State  of  Kansas  was  the 
Indian  Territory  and  Fort  Leavenworth  one  of  the  extreme  outposts 
of  the  civilized  frontier  of  the  United  States.  His  father  was  General 
Benjamin  Stone  Roberts,  U.  S.  A.,  and  his  mother,  Elizabeth  Pierre- 
pont Sperry.  On  both  sides  he  was  descended  from  distinguished 
aucestry.  The  first  Roberts  came  from  England  about  1620.  and  his 
descendants  took  part  in  the  Revolution  and  various  Indian  Wars.  On 
his  mother's  side  the  line  runs  back  to  Evelyn  Pierrepont,  Duke  of 
Kingston,  whose  son,  James  Pierrepont,  was  the  first  clergyman  to  settle 
in  New  Haven,  Conn.,  and  became  one  of  the  founders  of  Yale  College. 

In  ISTO  Mr.  Roberts  was  graduated  from  the  Sheffield  Scientific 
School  of  Yale,  and  went  West.  He  found  employment  on  the  staffs 
of  the  Northern  Pacific  Railroad  west  of  the  Rocky  Mountains,  the 
Canadian  Pacific  Railway  in  British  Columbia,  and  the  Spring  Valley 
Water-Works,  of  San  Francisco,  Cal. 

Returning  East  he  was  employed  on  the  Croton  Aqueduct,  and  sub- 
sequently acquiring  some  valuable  granite  properties,  he  took  up  masonry 
contracting  as  well  as  maintaining  practice  as  a  Consulting  Engineer. 
He  constructed  the  foundation  for  the  elevated  portion  of  the  New  York 
Subway  and  the  great  granite  arches  of  the  Cathedral  of  St.  John  the 
Divine,  in  New  York  City,  which  latter  he  always  considered  his 
greatest  achievement. 

Notwithstanding  his  many  business  interests,  Mr.  Roberts  found 
time  for  altruistic  work,  especially  the  obtaining  of  employment  for 
those  unfortunates  who  had  served  prison  sentences  and  who  appeared 
to  be  anxious  to  begin  life  anew  and  earn  an  honest  livelihood.     Of 

*  Memoir  prepared  by  William  Barclay  Parsons,  >I.  Am.  See.  O.  E. 
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this  work  he  spoke  only  to  his  intimates,  and,  consequently,  the  great 
good  and  charity  he  did  was  known  to  few,  in  many  cases  only  to  the 
recipients. 

Mr.  Roberts  was  married  July  5th,  1903,  to  Helen  Frances  Caleb, 
who,  with  one  son.  survives  him. 

He  was  a  member  of  the  Century,  Yale,  and  Church  Clubs,  the 
National  Geographic  Society,  the  Military  Order  of  the  Loyal  Legion, 
Sons  of  the  Revolution,  Fraternity  of  Delta  Psi,  and  many  other  similar 
organizations.  He  was  also  a  Director  of  the  Danville  and  Mt.  Morris 
Railroad;  President  and  General  Manager  of  the  Mohegan  Granite 
Company;  and  Director  of  the  Jerry  McAuley  Cremorne  Mission. 

Mr.  Roberts  was  elected  a  Member  of  the  American  Society  of 
Civil  Engineers  on  May  7th,  1884. 


JOHN  WRKiJHT  SEAVER,  M.  Am.  Soc.  C.  E.' 
Died  January  14th,  1911. 


John  Wright  Seaver,  was  born  in  Madison,  Wis.,  on  January  8th, 
1855.  He  was  descended  from  pure  New  England  Revolutionary 
stock,  the  first  Seaver  coming  to  America  shortly  after  the  Maijfiower 
Pilgrims.  While  very  young,  his  parents  moved  to  Buffalo,  N.  Y., 
where  his  father  died,  and  where  he  received  a  public  school  education. 
At  the  age  of  thirteen,  he  left  school  to  learn  the  machinist's  trade. 
He  entered  the  machine  shop  of  the  Shepard  Iron  Works,  where  he 
spent  two  years,  and  was  then  transferred  to  the  drafting-room.  His 
technical  education  was  obtained  at  this  time  under  the  greatest  dif- 
ficulties l)y  attending  night  school,  which  was  three  miles  from  his 
home,  and  to  which  he  walked  after  working  hard  all  day.  He  read 
siich  trade  journals  and  engineering  books  as  he  could  secure,  and 
one  of  his  treasured  possessions  was  a  copy  of  Haswell's  "Engineers' 
and  Mechanics'  Pocket-Book,"  given  him  by  his  mother  when  he 
was  fourteen. 

At  the  age  of  eighteen,  after  being  with  the  Shepard  Iron  Works 
for  four  years,  Mr.  Seaver  entered  the  machine  shop  of  the  Howard 
Iron  Works,  and  at  twenty  he  was  employed  by  the  Buffalo  Car  Com- 
pany as  Assistant  Superintendent  in  charge  of  about  1  000  men.  He 
left  this  Company  to  become  a  member  of  the  firm  of  Seaver  and 
Kellogg,  and  at  this  time  designed  and  built  the  first  steel  cars  in 
the  United  States.  These  cars  were  not  commercially  successful,  as 
they  were  too  far  ahead  of  their  time.  ^ 

After  spending  one  and  one-half  years  in  this  business,  he  became 
Assistant  Engineer  of  the  Kellogg  Bridge  Works.  He  made  structural 
iron  a  specialty,  and  began  to  attract  outside  attention  as  an  Engineer. 
*  Memoir  prepared  by  J.  E.  A.  Moore,  M.  Am.  Soc.  C.  E, 
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111  1880  Mr.  Seaver  moved  to  Pittsburg:,  Pa.,  and  became  Chief 
Eiig:inccr  of  the  Iron  City  Bridge  Works,  for  which  firm  he  designed 
and  built  a  nuinber  of  notable  bridgres  and  other  steel  structures.  In 
1SS4  ho  bocaine  the  Chief  Engineer  for  the  Riter-Conley  Manufactur- 
ing (\)nipany.  and  in  this  (*ai)acity  his  reputation  became  world-wide. 
Ho  designed  and  luiilt  l>l;i>t  furnaces,  steel  works,  oil  refineries, 
gasometers.  luiiMiiius.  luidgc-,  and  other  steel  constructions.  He  was 
instrunieiital  in  luiildiiig  up  this  concern  to  be  one  of  the  greatest 
of  its  kind  in  the  world. 

In  180G  :\rr.  Seaver,  with  S.  T.  and  C.  H.  Wollman,  formed  the 
Wcllinan-Seaver  Engineering  Company,  which  finally  became  the  Well- 
man-Seaver-Morgan  Company.  While  with  this  Company  he  was  Vice- 
President  and  Chairman  of  the  Board,  and  a  Director  until  his  death. 

After  being  with  this  Company  for  ten  years,  Mr.  Seaver  became 
associated  with  J.  E.  A.  Moore,  M.  Am.  Soc.  C.  E.,  as  Consulting 
and  Contracting  Engineers,  with  offices  in  Cleveland,  Ohio.  lie  con- 
tinued in  this  work  until  his  death. 

Mr.  Seaver's  engineering  experience  was  most  varied,  including 
the  civil,  mechanical,  marine  and  mining  branches  of  the  profession. 
While  in  Buffalo  he  designed  and  built  many  large  marine  engines, 
the  principal  of  which  was  that  for  the  steamer  Great  Western,  which 
was  a  remarkable  vessel  at  that  time.  He  designed  and  built  the 
first  steel  head  frame,  and  the  first  gantry  crane  used  in  America,  and 
also,  as  previously  stated,  the  first  steel  cars.  He  was  an  authority 
on  structural  steel  construction  of  all  kinds,  as  well  as  material 
handling,  steel  and  iron  manufacturing,  and  coke-oven  machinery,  and 
compiled  the  first  standard  steel  railroad  bridge  specification,  which  was 
adopted  by  some  of  the  large  railroad  companies. 

The  principal  traits  in  Mr.  Seaver's  character  were  his  resource- 
fulness and  perseverance,  and  it  can  be  said  of  him  that  he  never 
gave  up.  An  instance  of  his  resourcefulness  was  displayed  in  Buffalo 
when  it  was  discovered  that,  after  the  hull  of  a  large  vessel  was  read.v 
for  launching,  the  water  was  too  low  in  the  slip  to  float  it;  in  order 
to  overcome  this,  he  tied  several  tugs  across  the  mouth  of  the  slip,  and 
by  working  their  propellers,  the  water  was  raised  sufficiently  to  float 
the  vessel,  and  she  was  launched  successfully.  Tlis  genial,  sunny  dispo- 
sition made  for  him  many  close,  warm  friends,  both  in  this  country 
and  abroad,  and  he  was  beloved  by  all  who  knew  him.  His  liberality 
was  his  worst  favilt. 

Mr  Seaver  died  suddenly  of  apoplexy  at  his  residence  in  Cleveland, 
Ohio,  on  January  14th,  1911,  and  is  survived  by  his  wife  and  four 
children,  an  aged  mother,  and  two  sisters. 

^Nfr.  Seaver  was  elected  a  Member  of  the  American  Society  of  Civil 
Engineers  on  November  6th,  1901.  He  was  also  a  Member  of  the 
American  Society  of  Mechanical  Engineers,  the  Cleveland  Engineering 
Society,  and  many  other  business  and  social  organizations. 
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EDWIN  MERRITT  HOLMES,  Assoc.  M.  Am.  Soc.  C.  E.* 


Died  Fp:bruary  11th,  1911. 


Edwin  Merritt  Holmes  was  born  at  Colorado  Springs,  Colo.,  on 
June  20th,  1878.  He  received  his  education  at  the  104th  Street  Public 
School,  New  York  City;  the  Mattoon  High  School,  at  Mattoon,  111.; 
the  College  of  the  City  of  New  York,  and  Cornell  University. 

From  1898  to  1901,  Mr.  Holmes  was  employed,  in  the  United  States, 
on  timber  boundary  surveys  and  in  the  construction  of  tram  and 
narrow-gauge  logging  roads.  He  also  had  charge  of  the  landscape 
gardening  for  a  summer  hotel,  including  an  artificial  lake,  pavilions, 
etc.,  as  well  as  the  reconstruction  of  a  dam  for  a  gravity  water  supply. 

From  June,  1901,  to  May,  1902,  he  was  with  the  Engineer  Depart- 
ment of  the  Military  Government  of  Cuba,  at  Santiago,  as  Rodman, 
Leveler,  and  Transitman  on  city  improvements.  He  was  also  em- 
ployed as  Street  Inspector  in  charge  of  repairs  to  all  city  property 
and  the  harbor  dredge.  During  May  and  June,  1902,  he  was  con- 
nected with  the  Department  of  Public  Works  of  the  Cuban  Govern- 
ment, as  Assistant  Engineer  and  Inspector  in  charge  of  the  construc- 
tion of  macadam  roads  and  a  concrete  bridge. 

Although  a  Civil  Engineer  by  profession,  Mr.  Holmes  turned  his 
attention  to  mining,  and  in  June,  1902,  entered  the  employ  of  the 
Spanish-American  Iron  Company,  at  Daiquiri,  Cuba,  as  Assistant 
Engineer  in  charge  of  designing  and  constructing  appliances  for 
handling  the  product  of  the  mines,  of  opening  new  deposits  of  iron  ore 
for  the  extraction  of  sample  cargoes,  etc.  In  August,  1906,  he  was 
made  Assistant  General  Superintendent  of  the  Company,  in  direct 
charge  of  all  engineering  work,  together  with  other  duties  connected 
with  the  operation  of  the  mines. 

On  February  1st,  1909,  Mr.  Holmes  was  appointed  General  Super- 
intendent of  the  Juragua  Iron  Company,  and  took  charge  of  the 
operation  of  its  mines  at  Firmeza,  Cuba,  which  position  he  filled 
with  conspicuous  ability  until  his  death. 

Mr.  Holmes  was  not  married.  He  is  survived  by  his  father.  Rev. 
Benjamin  F.  Holmes,  of  Clairmont,  Va.,  two  brothers,  Mr.  Robert  L. 
Holmes,  of  San  Juan,  Porto  Rico,  and  Mr.  F.  C.  Holmes,  of  Firmeza, 
Cuba,  and  one  sister,  Mrs.  Paul  English,  of  Muskogee,  Okla. 

Mr.  Holmes  was  elected  a  Junior  of  the  American  Society  of  Civil 
Engineers  on  March  31st,  1903,  and  an  Associate  Member  on  January 
2d,  1907.  He  was  also  a  Member  of  the  American  Institute  of  Mining 
Engineers  and  of  the  American  Society  of  Engineering  Contractors. 

*  Memoir  prepared  by  DeB.  Whitaker,  Esq.,  Vice-President  and  General  Manager, 
Juragua  Iron  Company,  Santiago  de  Cuba,  Cuba. 
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Gerber,  Charles  F.  Loweth,  Ralph  Modjeski,  Frank  C.  Osborn.  George  H.  Pegram, 
Lewis  D.  Rights,  George  F.   Swain,   Emil   Swensson,   .Toseph  R.  Worcester. 

On  Bittiminous  Materials  for  Road  Construction  :  W.  W.  Crosby,  A.  W. 
Dean,  H.  K.  Bishop,  A.  H.   Blanchard. 


The  House  of  the  Society   is  open   from  9  a.  m.  to   10  p.   m.   every   day,   except 
Sundays,  Fourth  of  July,  Thanksgiving  Day,  and  Christmas  Day. 

House  of  the   Society — 220  West  Fifty-seventh   Street,   New  York. 

Telephone    Number 5913    Columbus. 

Cable    Address "Ceas,    New    York." 
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MINUTES  OF  MEETINGS 
OF  THE  SOCIETY 


March  15th,  1911. — The  meeting  was  called  to  order  at  8.30  P.  m.  ; 
rresident  .Mordecai  T.  Endicott  in  the  chair;  Chas.  Warren  Hunt, 
Secretary;  and  present,  also,  109  members  and  15  guests. 

A  paper  by  Arnold  C.  Koenig,  Assoc.  M.  Am.  Soc.  C.  E.,  entitled 
"Dams  on  Sand  Foundations:  Some  Principles  Involved  in  Their 
Design,  and  the  Law  Governing  the  Depth  of  Penetration  Required 
for  Sheet-Piling,"  was  presented  by  the  Secretary,  who  also  read  com- 
munications on  the  subject  from  ^Messrs.  W.  G.  Price  and  Alexander 
Potter.  The  paper  was  discussed  orally  by  T.  Kennard  Thomson, 
M.  Am.  Soc.  C.  E. 

The  Secretary  announced  the  following  deaths: 

Albert  Victor  Kellogg,  elected  Associate  ]\Iember,  November  6th, 
1S95;  died  February  15th,  1911. 

Takejiro  Siiima,  elected  Associate  Member,  March  4th,  1903; 
died  in  December,  1910.     (Exact  date  not  known.) 

Adjourned. 
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April  5th,  191 1. — The  meeting  was  called  to  order  at  8.30  p.  M., 
President  Endicott  in  the  chair;  Chas.  Warren  Hunt,  Secretary;  and 
present,  also,  80  members  and  8  guests. 

The  minutes  of  the  meetings  of  February  15th  and  March  1st, 
1911,   were  approved   as  printed   in  Proceedings   for   March,   1911. 

A  paper  entitled  "The  Going  Value  of  Water-Works,"  by  Leonard 
Metcalf  and  John  W.  Alvord,  Members,  Am.  Soc.  C.  E.,  was  presented 
by  Mr.  Metcalf.  Written  communications  on  the  subject  by  Messrs. 
Clinton  S.  Burns,  Albert  I.  Frye,  and  Frederic  P.  Stearns  were  read 
by  the  Secretary,  and  the  paper  was  discussed  orally  by  Messrs.  E. 
Kuichling  and  Leonard  Metcalf. 

Robert  B.  Stanton,  M.  Am.  Soc.  C.  E.,  requested  permission  to 
address  the  meeting  with  reference  to  the  fire  risks  in  the  New  York 
Public  Library,  and  asserted  that  the  danger  of  fire  is  increased  on 
account  of  the  quantities  of  wood  in  the  ceilings,  wainscoting,  furni- 
ture, etc.,  of  the  building. 

The  Secretary  announced  the  election  of  the  following  candidates 
on  April  4th,  1911 : 

As  Members. 

Timothy  Ralph  Atkinson,  Bismarck,  N.  Dak. 

Nathaniel  Allen  Carle,  Seattle,  Wash. 

RoLLA  Clinton  Carpenter,  Ithaca,  N.  Y. 

Christopher  James  Carven,  Dorchester  Centre,  Mass. 

Thomas  Hamilton  Coe,  Worcester,  Mass. 

John  Meigs,  Philadelphia,  Pa. 

George  Alfred  Nelson,  Lowell,  Mass. 

David  Kirk  Orr,  Brownsville,  Pa. 

Shepard  Brown  Palmer,  Norwich,  Conn. 

Edward  Schildhauer,  Culebra,  Canal  Zone,  Panama. 

Allison  James  Wharf,  Cheyenne,  Wyo. 

As  Associate  Members. 

Clarence  Raymond  Andrew,  Wellsburg,  W.  Va. 
George  Clyde  Baldwin,  Salt  Lake  City,  Utah. 
Charles  Bernard  Buerger,  Philadelphia,  Pa. 
Arthur  Francis  Comstock,  Buffalo,  N.  Y. 
William  Henry  Connell,  New  York  City. 
Ray  De  Forest  Cooper,  Burns,  Ore. 
Spencer  Van  Zandt  Cortelyou,  Los  Angeles,  Cal. 
BuRGis  Greenacre  Coy,  Fort  Collins,  Colo. 
MoTT  V  Dodge,  Burns,  Ore. 
Maurice  Owen  Eldridge,  Washington,  D.   C. 
William  Henry  Gravell,  Philadelphia,  Pa. 
John  Miller  Hammond,  Kansas  City,  Mo. 
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Edwaud  Pierson  Hendrick,  Boston,  Mass. 
Stuart  Wilson  Jackson,  Wellsboro,  Pa. 
Joseph  Francis  Kern,  White  Plains,  N.  Y. 
John  Jennings  Kingman,  Washington,  D.  C. 
Guy   Vincent   McClure,   Oklahoma   City,   Okla. 
James  Leo  Murphy,  New  York  City. 
Vincent  Phillip  Odoni,  Denver,  Colo. 
George  Henry  Preston,  New  York  City. 
Allan  John  Wagner,  East  Oakland,  Cal. 
Harry  Arthur  Weeks,  Albany,  N.  Y. 
Israel  Vernon  Werbin,  New  York  City. 
Wesley   Akers   Wynn,   Warren,   Pa. 

As  Associates. 

Charles  Ernest  Goad,  Toronto,  Ont.,  Canada. 
John  William  Miller,  Seattle,  Wash. 

As  Juniors. 

Bernard  Joseph  Bleistein,  Astoria,  N.  Y. 
Aloysius  Henry  Doering,  Martins  Perry,  Ohio. 
Robert.  Samuel  Furber,  Brooklyn,  N.  Y. 
Raymond  Clinton  Kellogg,  New  York  City. 
Harry  Milton  Lynde,  Walden,  N.  Y. 
Roger  Leroy  Morrison,  Champaign,  HI. 
Joseph  Price,  Providence,  R.  I. 
Theodore  John  Schmidt,  Red  Oak,  Iowa. 
Homer  J  Sharp,  Long  Beach,  Cal. 
James  Alfred  Silsbee,  Denver,  Colo. 
Edward  Charles  Stocker,  Boulder,  Colo. 
Douglas  Stanley  Trowbridge,  New  York  City. 
William  Harold  Warnock,  Pougbkeepsie,  N.  Y. 

The  Secretary  announced  the  transfer  of  the  following  candidates 
on  April  4th,  1911: 

From  Associate  Member  to  Member. 

Charles  Metcalf  Allen,  Worcester,  Mass. 
Charles  Blaney  Breed,  Boston,  Mass. 
Alfred  Ellsworth  Carter,  New  York  City. 
Victor  King  Hendricks,  St.  Louis,  Mo. 
Ned  Herbert  Janvrin,  Newburgh,  N.  Y. 
Albert  Henry  Perkins,  Albany,  N.  Y. 
John  Ware,  Cambridge,  Mass. 
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From  Junior  to  Associate  Member. 

Le  Roy  Walter  Clark,  Troy,  N.  Y. 
Frederick  Hall  Fowler,  San  Francisco,  Cal. 
Philip  Dakin  Gillham,  Buffalo,  N.  Y. 
Wesley   Winans   Horner,    St.   Louis,   Mo. 
Charles  Tileston  Leeds,  Los  Angeles,  Cal. 
Warren  Brown  Thomson,  Springfield,  Mass. 

The  Secretary  announced  the  following  deaths : 

George  Bowers  Caldwell,  elected  Member  April  1st,  1908;  died 
March  31st,   1911. 

Irving  Hawkins,  elected  Associate  Member  May  6th,  1908;  died 
March  14th,  1911. 

Javier  Diaz  Lombardo,  elected  Associate  Member  October  2d,  1907; 
died  March  22d,  1911. 

Adjourned. 

OF  THE  BOARD  OF   DIRECTION 

(Abstract) 

April  4th,  ipii.- — President  Endicott  in  the  chair;  Chas.  Warren 
Hunt,  Secretary;  and  present,  also,  Messrs.  Belknap,  Bensel,  Boiler, 
Clarke,  Kimball,  Loomis,  Loweth,  Ridgway,  Roberts,  Snow,  Stott, 
Talbot,  Thompson,   and  Wilkins. 

The  territory  occupied  by  the  membership  was  divided  into  seven 
geographical  districts  as  prescribed  in  Article  VII,  Section  1  of  the 
Constitution.* 

The  proposition  for  the  appointment  of  a  Special  Committee  to 
formulate  principles  and  methods  for  the  valuation  of  railroad  property 
and  other  public  utilities,  which  was  referred  to  the  Board  by  the 
Annual  Meeting,  was  considered,  as  provided  in  Article  VI,  Section  12. 

The  Board  decided  to  appoint  such  Committee,  and  appointed  a  Sub- 
committee to  suggest  the  personnel  of  such  Committee  to  the  next 
meeting  of  the  Board. 

Committees  of  Arrangements  for  the  Annual  Convention  were 
appointed.! 

Director  Edward  Flad  was  appointed  a  member  of  the  Library 
Committee. 

Ballots  for  membership  were  canvassed,  resulting  in  the  election  of 
11  Members,  24  Associate  Members,  2  Associates,  and  13  Juniors,  and 
the  transfer  of  6  Juniors  to  the  grade  of  Associate  Member. 

Seven  Associate  Members  were  transferred  to  the  grade  of  Member. 

Applications  were  considered,  and  other  routine  business  transacted. 

Adjourned. 

*  These  subdivisions  are  given  on  page  312. 
+  See  page  211. 
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ANNOUNCEMENTS 

The  House  of  the  Society  is  open  from  9  A.  M.  to  10  P.  M., 
every  day,  except  Sundays,  Fourth  of  July,  Thanksgiving  Day,  and 
Christmas  Day. 

FUTURE  MEETINGS 

May  3d,  1911.-8.30  P.  M.— A  regular  business  meeting  will  be 
held,  and  a  paper  by  John  P.  Hogau,  Jun.  Am.  See.  C.  E.,  entitled 
"Sinking  a  Wet  Shaft,"  will  be  presented  for  discussion. 

Thi:>  paper  was  printed  in  Proceedings  for  March,  1911. 

May  17th,  1911.— 8.30  P.M. — A  paper  by  Charles  Arthur  Hague, 
M.  Am.  See.  C.  E.,  entitled  "The  Present-Day  Pumping  Engine  for 
Water-Works,"  will  be  presented  for  discussion. 

This  paper  was  printed  in  Proceedings  for  March,  1911. 

June  7th,  191 1. —8.30  P.  M. — This  will  be  a  regular  business 
meeting.  Two  papers  will  be  presented  for  discussion,  as  follows: 
"Two  Earth  Dams  of  the  United  States  Keclamation  Service,"  by 
D.  C.  Henny,  M.  Am.  Soc.  C.  E.;  and  "Steel  Centering  Used  in  the 
Construction  of  the  Rocky  River  Bridge,  Cleveland,  Ohio,"  by  Wilbur 
J.  Watson,  M.  Am.  Soc.  C.  E. 

These  papers  are  printed  in  this  number  oi, Proceedings. 

ANNUAL  CONVENTION 

The  Forty-third  Annual  Convention  of  the  Society  will  be  held 
at  Chattanooga,  Tenn.,  June  13th  to  16th,  1911,  inclusive. 

As  soon  as  possible  a  circular  giving  information  as  to  the  general 
programme,  transportation,  hotel  rates,  etc.,  will  be  issued. 

Arrangements  for  the  Convention  are  in  the  hands  of  the  following 
Committees : 

Committee   of  the   Board  of  Direction 
Hunter  McDonald,  Chairman 
William  E.  Belknap  Ciias.  Warren  Hunt 

Local  Committee 

William  Dunbar  Jenkins,  Chairman 

E.  E.  Betts  W.  M.  Gardner 

H.  S.  Bosler  W.  H.  Courtenay 

W.  H.  Converse  J.  W.  Kendrick 

J.  A.  Fairleigh  J.  N.  Hazlehurst 

C.  H.  FisK  T.   G.  Dabney 

D.  H.  Wood  W.  S.  Lee 
W.  W.  Harts  J.  E.  Sirrine 

W.  W.  Carsox  George  F,  Row^ell 

W.   F.  Reichardt 
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QEOQRAPHICAL  SUB=DIVISIONS 

At  its  meeting,  April  4th,  1911,  the  Board  of  Direction  divided  the 
territory  occupied  by  the  membership  into  seven  geographical  districts, 
as  provided  in  Article  VII,  Section  1  of  the  Constitution,  and 
announces  such  division  as  provided  in  said  section. 

District  No.  1. — The  territory  within  50  miles  of  the  Post-Office 
in  the  City  of  New  York. 

District  No.  2. — Maine,  New  Hampshire,  Vermont,  Massachusetts, 
Rhode  Island,  Connecticut  (except  as  included 
in  District  No.  1),  Alaska,  Canada,  Europe,  and 
Africa. 

District  No.  S. — New  York  and  New  Jersey  (except  as  included  in 
District  No.  1),  Michigan,  Wisconsin,  and 
Minnesota. 

District  No.  Jf. — Pennsylvania,  Delaware,  Maryland,  Ohio,  and  the 
District  of  Columbia. 

District  No.  5. — North  Dakota,  South  Dakota,  Nebraska,  Kansas, 
Iowa,  Missouri,  Illinois,  Indiana,  and  Kentucky. 

District  No.  6.- — Virginia,  West  Virginia,  North  Carolina,  South 
Carolina,  Georgia,  Florida,  Tennessee,  Alabama, 
Mississippi,  Arkansas,  Louisiana,  Oklahoma, 
Texas,  New  Mexico,  Arizona,  Mexico,  the  West 
India  Islands,  Central  America,  and  South 
America. 

District  No.  7. — Montana,  Wyoming,  Colorado,  Idaho,  Utah,  Wash- 
ington, Oregon,  California,  Nevada,  Hawaii, 
Asia,  and  Australasia. 

SEARCHES  IN  THE  LIBRARY 

In  January,  1902,  the  Secretary  was  authorized  to  make  searches 
in  the  Library,  upon  request,  and  to  charge  therefor  the  actual  cost  to 
the  Society  for  the  extra  work  required.  Since  that  time  many 
searches  have  been  made,  and  bibliographies  and  other  information  on 
special  subjects  furnished. 

The  resulting  satisfaction,  to  the  members,  who  have  made  use  of 
the  resources  of  the  Society  in  this  manner,  has  been  expressed  fre- 
quently, and  leaves  little  doubt  that,  if  it  were  generally  known  to  the 
membership  that  such  work  would  be  undertaken,  many  would  avail 
themselves  of  it. 

The  cost  is  trifling  compared  with  the  value  of  the  time  of  an 
engineer  who  looks  up  such  matters  himself,  and  the  work  can  be 
performed  quite  as  well,  and  much  more  quickly,  by  persons  familiar 
with  the  Library. 

In  asking  that  such  work  be  undertaken,  members  should  specify 
clearly  the  subject  to  be  covered,   and  whether  references  to  general 
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books  only  are  desired,  or  whether  a  complete  bibliography,  involving 
search  through  periodical  literature,  is  desired. 

In  reference  to  this  work,  the  Appendices*  to  the  Annual  Reports 
of  the  Board  of  Direction  for  the  years  ending  December  31st,  1906, 
and  December  31st,  1910,  contain  summaries  of  all  searches  made 
to  date. 

PAPERS  AND  DISCUSSIONS 

Members  and  others  who  take  part  in  the  oral  discussions  of  the 
papers  presented  are  urged  to  revise  their  remarks  promptly.  Written 
communications  from  those  who  cannot  attend  the  meetings  should  be 
sent  in  at  the  earliest  possible  date  after  the  issue  of  a  paper  in 
Proceedings.  The  issue  of  volumes  of  Transactions  is  dependent  on 
the  closing  of  discussions,  and  the  co-operation  of  the  membership  in 
this  matter  is  essential  to  the  regular  issue  of  each  quarterly  volume. 

All  papers  accepted  by  the  Publication  Committee  are  classified 
by  the  Committee  with  respect  to  their  availability  for  discussion  at 
meetings. 

Papers  which,  from  their  general  nature,  appear  to  be  of  a  charac- 
ter suitable  for  oral  discussion,  will  be  published  as  heretofore  in 
Proceedings,  and  set  down  for  presentation  to  a  future  meeting  of  the 
Society,  and,  on  these,  oral  discussions,  as  well  as  written  communica- 
tions, will  be  solicited. 

All  papers  which  do  not  come  under  this  heading,  that  is  to  say, 
those  which,  from  their  mathematical  or  technical  nature,  in  the 
opinion  of  the  Committee,  are  not  adapted  to  oral  discussion,  will  not 
be  scheduled  for  presentation  to  any  meeting.  Such  papers  will  be 
published  in  Proceedings  in  the  same  manner  as  those  which  are  to 
be  presented  at  meetings,  but  written  discussions,  only,  will  be  re- 
quested for  subsequent  publication  in  Proceedings  and  with  the  paper 
in  the  volumes  of  Transactions. 

SUBSCRIPTION  PRICE  TO  THE  PUBLICATIONS  OF  THE  SOCIETY. 

The  following  subscription  rates  have  been  fixed  by  the  Board  of 
Direction  for  the  publications  of  the  Society: 

Proceedings,  ten  Numbers  per  annum,  $8.  Price  for  single 
numbers,  $1. 

Transactions,  four  Volumes  per  annum,  $12.  Price  for  single 
volumes,  $4. 

On  the  above  prices  there  is  a  discount  of  25%  to  members  who 
desire  extra  copies  of  any  of  these  publications,  to  Libraries,  and  to 
Book-dealers. 

There  is  also  an  additional  charge  per  annum,  to  cover  foreign 
postage,  of  Y5  cents  for  Proceedings  and  $1  for  Transactions,  or  8  cents 
and  25  cents,  respectively,  for  single  numbers. 

*  Proceedings,  Vol.  XXXIII,  p.  30  (January,  1907);  Vol.  XXXVII,  p.  28  (January,  1911). 
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A  special  subscription  rate  has  been  fixed  by  the  Board  for  the 
Vroceedings  of  the  Society  for  the  benefit  of  Students  in  Technical 
Schools.  This  rate  is  $4.50  per  annum,  and  is  available  to  any  bona 
fide  student  of  any  technical  school. 

LOCAL  ASSOCIATIONS  OF  MEMBERS  OF  THE  AMERICAN 

SOCIETY  OF  CIVIL  ENGINEERS 

San  Francisco  Association 

The  San  Francisco  Association  of  Members  of  the  American  Society 
of  Civil  Engineers  holds  regular  bi-monthly  meetings,  with  banquet, 
and  weekly  informal  luncheons.  The  former  are  held  at  6  p.  M.,  at  the 
Palace  Hotel,  on  the  third  Friday  of  February,  April,  June,  August, 
October,  and  December,  the  last  being  the  Annual  Meeting  of  the 
Association. 

Informal  luncheons  are  held  at  12.15  p.  M.  every  Wednesday,  and 
the  place  of  meeting  may  be  ascertained  by  communicating  with  the 
Secretary  of  the  Association,  E.  T.  Thurston,  Jr.,  M.  Am.  Soc.  C.  E., 
713  Mechanics'  Institute,  57  Post  Street. 

The  bj'-laws  of  the  Association  provide  for  the  extension  of  hospi- 
tality to  any  member  of  the  Society  who  may  be  temporarily  in  San 
Francisco,  and  any  such  member  will  be  gladly  welcomed  as  a  guest 
of  the  Association  at  any  of  the  above  meetings,  if  he  will  notify  the 
Secretary  that  he  is  in  San  Francisco. 

(Abstract   of   Minutes   of   Meeting) 

February  17th,  1911. — The  meeting  was  called  to  order;  President 
Derleth*  in  the  chair;  E.  T.  Thurston,  Jr.,  Secretary;  and  present,  also, 
75  members  and  guests. 

The  President  delivered  his  Inaugural  Address,  which  was  ordered 
printed   and   distributed. 

The  question  of  choosing  a  site  for  the  Panama-Pacific  Exposition, 
with  special  reference  to  the  proposed  water-front  site  as  advocated 
by  Senator  Newlands  of  Nevada,  was  introduced  by  Luther  Wagoner, 
M.  Am.  Soc.  C.  E.,  and,  on  motion,  the  President  was  authorized  to 
appoint  a  committee  of  five  to  consider  the  question,  with  power  to 
act  in  conjunction  with  the  Board  of  Directors. 

A  general  outline  of  the  work  accomplished  on  the  various  projects 
of  the  United  States  Reclamation  Service,  with  special  reference  to  the 
construction  of  reservoirs,  dams,  and  canals,  including  data  as  to  costs, 
was  presented  by  Thomas  H.  Means,  M.  Am.  Soc.  C.  E.,  who  illustrated 
his  remarks  with  lantern  slides. 

Adjourned. 

Colorado  Association 

The  meetings  of  the  Colorado  Association  of  Members  of  the 
American  Society  of  Civil  Engineers  are  held  on  the  second  Saturday 
of  each  month,  except  July  and  August.    The  hour  and  place  of  meet- 

•Charles  Derleth,  Jr..  M.  Am.  Soc.  C.  E..  was  elected  President  of  the  San  Francisco 
Association  on  December  16th.  1910.  Through  an  error  another  name  than  Mr.  Derleth's 
was  inserted  as  such  on  page  170  of  Proceedinys  for  March,  1911. 
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ing  are  not  fixed,  but  this  information  will  be  furnished  on  applica- 
tion to  the  Secretary,  Gavin  N.  Houston,  M.  Am.  Soc.  C.  E.,  409 
Equitable  Building,  Denver,  Colo.  The  meetings  are  usually  preceded 
by  an  informal  dinner.  Members  of  the  American  Society  of  Civil 
Engineers  will  be  welcomed  at  these  meetings. 

Weekly  luncheons  are  held  on  Wednesdays,  and  until  further  notice, 
will  take  place  at  The  Colorado  Traffic  Club. 

Visiting  members  are  urged  to  attend  the  meetings  and  luncheons. 

(Abstract  of  Minutes  of  Meeting) 

March  nth,  1911. — The  meeting  was  called  to  order;  Vice-President 
C.  W.  Comstock  in  the  chair;  G.  N.  Houston,  M.  Am.  Soc.  C.  E., 
acting  as  Secretary;  and  present,  also,  12  members  and  3  guests. 

A  paper  by  W.  R.  Lewis,  Assoc.  M.  Am.  Soc.  C.  E.,  entitled  "The 
Trinidad  Water-Works  and  the  Cost  of  a  Booster  Station,"  was 
presented  by  the  author,  and  the  subject  was  discussed  informally  by  a 
number  of  those  present. 

Adjourned. 

PRIVILEGES  OF  ENGINEERING  SOCIETIES 

EXTENDED  TO  MEMBERS  OF  THE 
AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS 

Members  of  the  American  Society  of  Civil  Engineers  will  be  wel- 
comed by  the  following  Engineering  Societies,  both  to  the  use  of  their 
Reading   Rooms    and    at    all   Meetings : 

American  Institute  of  Mining  Engineers,  29  West  Thirty-ninth  Street, 

New  York  City. 
Architelcten=Verein    zu    Berlin,  Wilhehnstrasse  92,  Berlin   W.  66, 

Germany. 
Associacao  dos  Engenheiros  Civis  Portuguezes,  Lisbon,  Portugal. 
Australasian    Institute  of  Mining  Engineers,  Melbourne,  Victoria, 

Australia. 
Boston  Society  of  Civil  Engineers,    715   Tremont   Temple,  Boston, 

Mass. 
Brooklyn    Engineers'  Club,  117  Remsen  Street,  Brooklyn,  N.  Y. 
Canadian    Society  of  Civil  Engineers,  413  Dorchester  Street,  West, 

Montreal,  Que.,  Canada. 
Civil   Engineers'  Society  of  St.  Paul,  St.  Paul,  Minn. 
Cleveland  Engineering  Society,  718   Caxton   Building,   Cleveland, 

Ohio. 
Cleveland  Institute  of  Engineers,  Middlesbrough,  England. 
Dansk  Ingeni<^rforening,  Amaliegade  38,  Copenhagen,  Denmark. 
Engineers'  and  Architects'  Club  of  Louisville,  Ky.,    303   Norton 

Building,  Fourth  and  Jefferson  Streets,  Louisville,  Ky. 
Engineers'  Club  of  Baltimore,  Baltimore,  Md. 
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Engineers'  Club  of  Minneapolis,  17  South  Sixth  Street,  Minneapolis, 
Minn. 

Engineers'  Club  of  Philadelphia,  1317  Spruce  Street,  Philadelphia,  Pa. 

Engineers'  Club  of  St.  Louis,  3817  Olive  Street,  St.  Louis,  Mo. 

Engineers'  Club  of  Toronto,  96  King  Street,  West,  Toronto,  Ont., 
Canada. 

Engineers'  Society  of  Pennsylvania,  210  Market  Street,  Harrisburg, 
Pa. 

Engineers'  Society  of  Western  Pennsylvania,  2511  Oliver  Building, 
Pittsburg,  Pa. 

Institute  of  Marine  Engineers,  58  Romford  Road,  Stratford,  Lon- 
don, E.,  England. 

Institution  of  Engineers  of  the  River  Plate,  Buenos  Aires,  Ar- 
gentine Republic. 

Institution  of  Naval  Architects,  5  Adelphi  Terrace,  London, 
W.  C,  England. 

Junior  Institution  of  Engineers,  39  Victoria  Street,  Westminster, 
S.  W.,  London,  England. 

Koninklijk    Instituut  van  Ingenieurs,  The  Hague,  The  Netherlands. 

Louisiana  Engineering  Society,  321  Hibernia  Bank  Building,  New 
Orleans,  La. 

Memphis  Engineering  Society,  Memphis,  Tenn. 

Midland  Institute  of  Mining,  Civil  and  Mechanical  Engineers, 
Sheflleld,  England. 

Montana  Society  of  Engineers,  Butte,  Montana. 

North  of  England  Institute  of  Mining  and  Mechanical  Engineers, 
Newcastle-upon-Tyne,  England. 

Oesterreichischer  Ingenieur-  und  Architekten-Verein,  Eschen- 
bachgasse  9,  Vienna,  Austria. 

Pacific  Northwest  Society  of  Engineers,  803  Central  Building,  Seat- 
tle, Wash. 

Rochester  Engineering  Society,  Rochester,  N.  Y. 

Sachsischer  Ingenieur-  und  Architekten-Verein,  Dresden,  Germany. 

Sociedad  Colombiana  de  Ingenieros,  Bogota,  Colombia. 

Sociedad  de  Ingenieros  del  Peru,  Lima,  Peru. 

Societe  des  Ingenieurs  Civils  de  France,  19  Rue  Blanche,  Paris, 
France. 

Society  of  Engineers,  17  Victoria  Street,  Westminster,  S.  W., 
London,  England. 

Svenska  Teknologforeningen,  Brunkebergstorg  18,  Stockholm, 
Sweden. 

Tekniske  Forening,  Vestre  Boulevard  18-1,  Copenhagen,  Denmark. 

Western  Society  of  Engineers,  1737  Monadnock  Block,  Chicago,  111. 
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ACCESSIONS  TO  THE  LIBRARY 

(From    March    7th   to    April    10th,    1911) 
DONATIONS  * 
STANDARD  PRACTICAL  PLUMBING. 

By  R.  M.  Starbuck.     Cloth,  9i  x  6^  in.,  illus.,  406  pp.     New  York, 

The  Norman  W.  Henley  Publishing  Company,  1910.     $3.00. 

In  a  secondary  title  it  is  stated  that  this  book  is  an  exhaustive  treatise  on 
all  branches  of  plumbing  construction,  including  drainage  and  venting,  ventila- 
tion, hot  and  cold  water  supplies,  and  circulation,  and  that  special  attention  has 
been  given  to  the  theory  underlying  plumbing  devices  and  operations.  As  the  book 
is  intended  for  instruction  as  well  as  reference,  it  has  been  the  author's  aim  to 
make  the  contents  as  comprehensive  as  possible.  In  Chapters  I  to  IV,  he  dis- 
cusses briefly  the  manual  work  of  the  plumber.  This  is  followed,  in  Chapters 
V  to  XVII,  by  descriptions  of  the  various  phases  of  trapping,  venting,  and 
drainage.  Chapters  XVIII  to  XXI  are  devoted  to  the  important  classes  of 
plumbing  construction,  and  Chapters  XXII  to  XXXIII  are  given  up  to  a  general 
discussion  of  the  subject  of  hot  and  cold  water  supply.  There  is  also  a  chapter 
on  mechanical  drawing,   especially   designed  for  the  plumber,   and   an  index. 

MOTION  STUDY. 

A  Method  for  Increasing  the  Efficiency  of  the  Workman.    By  Frank 

B.  Gilbreth.     With  an  Introduction  by  Robert  Thurston  Kent.     Cloth, 

8  X  5^  in.,  illus.,  23  +  116  pp.    New  York,  D.  Van  Nostrand  Company, 

1911.     $2.00. 

The  subject-matter  contained  in  this  book  was  first  published  serially  in 
Industrial  Engineering,  and  is  stated  to  be  a  study  of  the  conditions  governing 
the  number  of  motions  made  by  workmen,  the  methods  for  reducing  such  motions, 
and  the  various  influences  bearing  on  the  subject,  such  as  physique,  race,  creed, 
nationality,  early  training,  nutrition,  home  surroundings,  tools,  appliances,  etc. 
While  the  examples  and  illustrations  used  have  been  drawn  from  one  line  of 
work,  namely,  brick-laying,  the  application  of  the  principles  outlined  to  work  of 
every  character  is  stated  to  be  clearly  indicated  by  the  author.  The  Contents  are : 
Introduction  ;  Description  and  General  Outline  of  Motion  Study  ;  Variables  of 
the  Worker ;  Variables  of  the  Surroundings ;  Variables  of  the  Motion ;  Past, 
Present  and   Future  of  Motion   Study  ;    Index. 

SMOLEVS  TABLES. 

Parallel  Tables  of  Logarithms  and  Squares,  etc.,  for  Engineers, 
Architects,  and  Students.  By  Constantine  Smoley,  Assoc.  M.  Am. 
Soc.  C.  E.  Sixth  Edition,  Revised  and  Enlarged.  Leather,  7x5  in., 
illus.,  329  +  171  pp.  New  York,  The  Engineering  News  Publishing 
Company.     London,  Archibald  Constable  &  Co.,  Ltd.,  1911.     $3.50. 

This  edition  was  planned,  it  is  stated,  to  cover  a  larger  field  of  theoretical  as 
well  as  practical  work.  This  plan  necessitated  the  extension,  in  the  second  part — 
the  Logarithmic-Trigonometric  Tables — of  the  Table  of  Natural  Functions  to  give 
the  sine,  cosine,  tangent,  cotangent,  secant,  and  cosecant  by  intervals  of  one 
minute,  and  the  addition  of  tables  of  Squares,  Cubes,  Square  Roots,  Cube  Roots, 
and  Reciprocals  of  numbers  from  1  to  1  000,  as  well  as  tables  of  Area  and 
Circumferences  of  Circles  with  diameters  from  1  to  1000.  The  Contents  are: 
Part  I,  Parallel  Tables  of  Logs,  and  Squares ;  Table  of  Bevels ;  Multiplication 
Table ;  Explanations  and  Examples ;  Constants  ;  Decimal  Equivalent.  Part  II, 
Logarithms  of  Numbers ;  Log.  Functions  by  10" ;  Angles  between  0°  and  1°  ; 
Log.  Functions  by  1' ;  Natural  Functions ;  Squares,  Cubes,  etc.  ;  Formulas ;  Deci- 
mal  Equivalents,   Constants. 

CONCRETE  WALL  FORMS. 

By  A.  A.  Houghton.  Paper,  7i  x  5  in.,  illus.,  62  pp.  New  York, 
The  Norman  W.  Henley  Publishing  Co.,  1910.     50  cents. 

This  is  the  first  of  a  series  of  books  on  various  successful  methods  of  concrete 
construction.      This    volume    is    stated    to    be    a   practical    treatise    on    all    types   of 

*  Unless  otherwise  specified,  books  in  this  list  have  been  donated  by  the  publishers. 
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wall  forms,  clamps,  separators,  and  spacers  for  reinforcement,  and  the  author 
has  endeavored  to  explain  every  part  of  the  subject  in  the  plainest  language  and 
from  the  viewpoint  of  the  worker.  Pull  details  and  working  drawings  of  an 
automatic  wall  clamp  are  given,  together  with  an  explanation  of  the  operation 
of  the  same  on  all  styles  of  walls.  The  treatment  of  foundations,  retaining  walls, 
the  placing  of  floor-joints,  the  moulding  of  water-tables  and  window  ledges,  as 
well  as  the  moulding  of  fireproof  walls  and  the  preparation  of  foundations  for 
concrete  walls,  are  stated  to  be  fully  discussed.  The  Chapter  Headings  are : 
Bracing  Wall  Forms ;  Foundations  for  Walls  ;  Constructing  Footing  Courses ; 
Strength  and  Weight  of  Concrete  ;  Easily  Made  Clamps,  Wire  Ties,  and  Separators  ; 
l^se  of  Metal  Forms  for  Concrete  Walls ;  Constructing  an  Automiltic  Clamp  for 
Wall  Forms ;  Operating  and  Adjusting  Clamp  to  all  Widths  of  Wall  ;  The  Best 
Method  of  Placing  Floor- Joists ;  Placing  Door  and  Window  Frames  and  Marking 
Wall  into  Blocks ;  Moulding  Window  Ledge  and  Projecting  Ornaments  with 
Wall  ;  Spacer  for  Reinforcement  ;  Moulding  Concrete  Furring  Strips  to  Make  a 
Fireproof  Wall  ;  An  Economical  System  of  Constructing  Walls ;  Joining  Sections 
of  Wall  and  Bonding  Concrete  with  Acids;  Retaining  Walls;   Index. 

CONCRETE  FLOORS  AND  SIDEWALKS. 

Bj'  A.  A.  Houghton.  Paper,  7i  x  5  in.,  illus.,  63  pp.  New  York, 
The  Norman  W.  Henley  Publishing  Co.,  1910.     50  cents. 

The  author  states  that  this  volume  is  a  practical  treatise  on  the  subject  of 
moulding  concrete  floors  and  sidewalks  with  both  plain  and  ornamental  surfaces. 
The  work  of  construction  Is  taken  up  in  regular  progression,  the  essential  points 
on  foundations  and  the  placing  of  forms  being  discussed,  together  with  materials 
for  proper  proportioning  and  mixing,  placing  and  tamping,  size  of  slab  joints, 
and  finishing  of  surfaces.  Illustrations  and  descriptions  are  also  given  of  the 
methods  and  materials  to  be  used  in  moulds  for  diamond,  hexagonal,  and  octagonal 
floor  tile,  as  well  as  the  construction  of  reinforced  hollow  concrete  floor  slabs, 
interlocking  floor  units,  and  the  reinforcement  of  floors  and  walks.  The  Contents 
are:  Causes  of  Defective  Floors;  Foundations;  Constructing  Forms  and  Thickness 
of  Slabs ;  Materials  for  Good  Concrete ;  Proportioning  and  Mixing ;  Placing  and 
Tamping  the  Concrete  ;  Size  of  Slabs  and  Expansion  Joints  ;  Placing  and  Finishing 
Surface;  Tools  for  Finishing  Floors  and  Walks;  Metal  Forms  for  Expansion 
Joints ;  Machine  to  Mould  Curb  and  Gutter ;  How  to  Prevent  Defects  in  Work  : 
Curing  the  Work ;  Cost  of  the  Work ;  Ornamental  Surfaces  for  Floors  and 
Walks  ;  Moulds  for  Mosaic  Floor  Tile  ;  Materials  and  Colors  for  Surfaces  ;  Moulds 
for  Hexagonal  Blocks  and  Tile  ;  Laying  Concrete  Floor  Tile  ;  Moulding  Hollow 
Concrete  Floor  Slabs ;  Interlocking  Floor  Slabs ;  Adjustable  Brace  for  Shoring ; 
Reinforcing   Floors    and    Slabs ;    Index. 

ELECTRIC  MOTORS. 

Continuous,   Pol.yphase,    and    Single-Phase    Motors :    Their   Theory 

and  Construction.     By  Henry  M.  Hobart.     Second  Edition,  Rewritten, 

Revised,  and  Enlarged.     Cloth,  9x6  in.,  illus.,  24  -|-  748  pp.     New 

York,    The    Macmillan    Company;    London,    Whitaker    &    Co.,    1910. 

$5.50. 

The  subject-mater  of  this  volume  has  been  divided  into  three  parts,  namely. 
Continuous  Motors,  Polyphase  Motors,  and  Single-Phase  Motors,  and  Includes 
their  design  and  construction,  together  with  examples  of  the  various  types 
described.  This  edition,  while  omitting  many  of  the  older  designs  included  in 
the  flrst  edition,  has  been  greatly  enlarged  by  additions  to  all  three  parts,  necessi- 
tated, it  is  stated,  by  the  important  progress  which  is  constantly  being  made  in 
the  development  of  motors.  A  table  of  properties  of  copper  wire  is  included  In 
the    Appendix. 

ENGINEERING  LAW. 

By  Alexander  Haring,  M.  Am.  Soc.  C.  E.  Vol.  L— The  Law  of 
Contract.  Cloth,  9^  x  6:^  in.,  10  +  518  pp.  Chicago,  The  Myron 
C.  Clark  Publishing  Co.,  1910.    $4.00. 

The  purpose  of  this  book,  as  stated  in  the  preface,  is  to  present  a  condensed 
text  of  the  law  of  contract,  to  give  the  general  theory  of  the  subject  as  taught  In 
law  schools,  and,  at  the  same  time,  to  save  the  engineer  or  engineering  student 
the  task  of  reading  endless  cases.  The  author  hopes  that  by  following  the  various 
rules  in  the  order  given  the  student  will  obtain  sufflcient  information  to  guide 
him  through  the  legal  phases  of  this  branch  of  engineering.  Cases  from  practice  are 
given  at  the  end  of  each  chapter,  together  with  brief  extracts  from  engineering 
decisions.     The  text  Is  intended  for  use  as  a  recitation   course  to  be  supplemented 
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by  an  occasional  lecture  by  the  instructor.  The  Contents  are :  Tables  of  Cases 
Reported  ;  The  Contract :  Its  Inherent  Elements ;  The  Contract :  Its  Formation  ; 
The  Contract :  Parties  Affected  ;  The  Contract :  Its  Interpretation  ;  The  Contract : 
Its    Discharge  ;    Index. 

QARAQES  AND  MOTOR  BOAT  HOUSES. 

Compiled  by  William  Phillips  Comstock.    Half-Cloth,  10^  x  7i  in., 

illus.,  121  pp.     New  York,  The  William  T.  Comstock  Company,  1911. 

$2.00. 

This  publication  is  made  up  of  a  large  number  of  plans  for  garages  and 
motor-boat  houses  for  both  private  and  commercial  purposes  and  for  use  in  the 
country,  suburban  towns,  and  cities.  It  is  said  to  include  the  latest  ideas,  as  to 
design,  construction,  and  equipment,  of  well-known  architects  from  various  parts 
of  the  United  States.  The  Contents  are :  Introduction  ;  Private  Country  and 
Suburban  Garages ;  Private  City  Garages ;  Suburban  and  City  Public  Garages ; 
Motor   Boat   Garages ;    Garage   Equipments   and   Accessories. 

PRACTICAL  STAMP  MILLING  AND  AMALGAMATIOt^. 

By  H.  W.  IVIacFarren.  Cloth,  8  x  5^  in.,  166  pp.  San  Francisco, 
Mining  and  Scientific  Press;  London,  The  Mining  Magazine,  1910. 
$2.00. 

This  book,  it  is  stated,  is  an  attempt  to  give  in  a  brief,  concise  way,  practical 
information  in  regard  to  the  principles  and  methods  involved  In  the  every-day 
work  of  those  engaged  in  stamp-milling  and  amalgamation.  The  subject  of  ore 
examination  and  the  adjustment  of  the  stamp-mill  to  ore  requirements,  is  also 
included.  The  Contents  are:  The  Stamp-Mlll  ;  The  Mortar,  Die,  etc.;  Adjustment 
of  Height,  Order  of  Drop,  etc.  ;  Water  Supply  and  Power  ;  Principles  and  Practice 
of  Amalgamation  ;  Retorting ;  Loss  of  Gold  in  Amalgamation  and  Its  Remedies, 
Mill  Tests,  etc.  ;  Mill  Management ;   Index. 

THE  ENOINEERINQ  INDEX  ANNUAL  FOR  1910. 

Compiled  from  the  Engineering  Index  Published  Monthly  in  The 
Engineering  Magazine  during  1910.  Twenty-seventh  year.  Cloth, 
9^  X  6|  in.,  30  +  496  pp.  New  York  and  London,  The  Engineering 
Magazine,  1911.     $2.00. 

This  Index  is  intended  as  a  guide  to  the  information  contained  in  the  files 
of  engineering  periodicals,  and,  with  the  volumes  published  since  1892,  is  stated 
to  cover  thoroughly  the  field  of  periodical  literature  in  engineering  and  closely 
related  applied  sciences.  The  classified  plan  of  indexing,  that  is,  the  grouping 
together  of  all  the  current  literature  on  a  subject,  has  again  been  followed, 
classifications  have  been  amplified,  new  divisions  introduced,  and  cross-references 
freely  used.  A  brief  descriptive  note  is  given  with  each  entry,  defining  its  scope 
and  purport.  The  periodicals  indexed  number  about  two  hundred  and  fifty, 
about  three-fourths  of  which  are  printed  in  English,  the  others  being  in  German, 
French,  Spanish,  Italian,  and  Dutch. 

\ 

TESTING  FOR  METALLURGICAL  PROCESSES. 

By  James  A.  Barr.  Cloth.  8  x  5|  in.,  illus.,  216  pp.  San  Francisco, 
Mining  and   Scientific   Press;    London,   The  Mining  Magazine,   1910. 

$2.00. 

The  preface  states  that  the  subject-matter  of  this  book  is  based  on  original 
notes  and  experiments  made  in  the  laboratories  of  the  Michigan  College  of  Mines. 
It  describes  the  apparatus  and  methods  used  in  making  laboratory  and  small-lot 
tests,  and  is  intended  for  use  by  the  student  and  the  practicing  engineer  in  the 
selection  of  a  process  of  treatment  for  any  ore.  The  contents  are :  Amalgama- 
tion ;  Chlorination  ;  Cyanidation  ;  Chloridizing  Silver  Ores  ;  Pan  Amalgamation  : 
Pot  Roasting ;  Parkes  Process  ;  Ziervogel  Process  ;  Lixiviation  ;  Electrolytic 
Processes;  Zinc  Smelting;  Furnace  Test;  Heat  Balance;  Calorimetry  of  Fuel; 
Pyrometry  ;  Retorting;  Refining;  Concentration  Tests;  Smelting  Ores;  Properties 
of  Slags  ;  Smelting  Properties  of  Copper,  Lead,  Gold,  and  Silver  Ores  ;  Cost  Data  ; 
Index. 


Affairs.  1  ACCESSIONS   TO   THE   LIBRARY  321 

THE  CONSERVATION  OF  WATER. 

By  John  ]..  .Mattliews.  Cloth,  8  x  5i  in.,  illus.,  8  +  289  pp.  Boston, 
Small,  :Nra.vnar(l  &  Company,  1910.     $2' 00. 

The  conservation  of  water  is  so  vital  a  subject,  the  author  states,  and  the 
ownership  of  water  is  of  such  importance,  that  we  cannot  continue  our  present  slip- 
shod control  of  it  much  longer.  He  has,  therefore,  taken  up  the  chief  elements  of 
the  proper  care  of  our  water  resources,  and  states  that  in  this  book,  he  will  try 
to  simplify  and  explain  them.  The  Chapter  Headings  are:  Water  as  a  Resource: 
Floods  and  Flood  Prevention  ;  Storage  :  Municipal  Supply  and  the  Purification  of 
Rivers;  Water  Power,  the  Mining  of  White  Coal;  Water  Power  in  National 
Development;  Swamp  Drainage;  Irrigation;  Conservation  of  the  Soil;  Navigation; 
The  Results  of  the  Conservation  of  Water  ;    Index. 

MORE  RECENT  CYANIDE  PRACTICE. 

Edited  hy  H.  Foster  Bain.     Second  Edition.     Cloth,  9*  x  G  in., 

illus.,  418  pp.    San  Francisco,  ^fining  and  Scientific  Press,  1910.    $2.00. 

This  book  is  stated  to  be  a  compilation  of  articles  contributed  originally  to  the 
Mining  and  Scientific  Press  by  men  who  are  leaders  in  the  application  of  cyanide 
to  metallurgy  in  all  parts  of  the  world.  The  articles  cover  the  development  in 
cyanidation  from  October,  1907,  to  July,  1910,  and  are  said  to  relate  to  mill 
construction  and  operation,  to  costs,  and  to  the  chemistry  of  the  process,  and  to 
illustrate  the  developments  both  of  theory  and  practice  in  the  period  covered. 

HAND-BOOK  FOR  HEATING  AND  VENTILATING  ENGINEERS. 

By  James  D.  Hoffman,  Assisted  by  Benjamin  F.  Eaber.     Leather, 

7  X  4i  in.,  illus.,  322  pp.     LaFayette,  Indiana,  1910.     (Donated  by  the 

Author.) 

The  purpose  of  this  book,  as  stated  in  the  preface,  is  to  cover  the  entire  field 
of  heating  and  ventilation,  and  to  serve  as  a  handbook  for  those  engaged  in  the 
design  and  installation  of  the  apparatus  connected  therewith.  The  subject-matter 
has  been  compiled  mostly  from  lectures  delivered  before  the  Senior  Mechanical 
Engineering  Class  of  Purdue  University,  and  while  its  various  phases  have  not 
been  discussed  exhaustively,  it  is  believed  by  the  author  to  contain  all  the  funda- 
mental principles  applied  in  such  a  manner  as  to  be  easily  understood.  The 
Chapter  Headings  are:  Heat;  Air;  Heat  Losses;  Furnace  Heating;  Hot  Water 
and  Steam  Heating;  Mechanical  Warm  Air  Heating;  Mechanical  Vacuum  Heating; 
District  Heating;  Temperature  Control;  Electrical  Heating;  Course  of  Instruction; 
Specifications;    Appendix:    Tables    and    Diagrams;    Index. 

ELECTRIC  RAILWAY  TRANSPORTATION. 

The  Annals  of  the  American  Academy  of  Political  and  Social 
Science,  Vol.  XXXVII,  No.  1,  January,  1911.  Emory  R.  Johnson, 
Editor.  Paper,  10  x  7  in.,  illus.,  244  pp.  Philadelphia,  American 
Ac-ademy  of  Political  and  Social  Science,  1911.     $1.00. 

This  number  of  Tlte  Annals  contains  a  series  of  articles  on  the  traffic  and  finan- 
cial problems  connected  with  electric  railway  transportation  and  the  public  regula- 
tion of  electric  railways,  by  men  who  are  identified  with  these  subjects.  The  Con- 
tents are  :  Part  I,  The  Urban  Transportation  Problem,  by  Bion  J.  Arnold  ;  The 
Decreasing  Financial  Returns  upon  Urban  Street  Railway  Properties,  by  Thomas 
Conway.  .Jr.  ;  The  Depreciation  Problem,  by  William  B.  Jackson  ;  Methods  of  In- 
creasing the  Efl^ciency  of  Surface  Lines  in  Large  Cities,  by  Williston  Fish  ;  The 
Investigation  of  TraflBc  Possibilities  of  Proposed  Subway  Lines,  by  William  S. 
Twining ;  Possibilities  of  Freight  Traffic  on  Interurban  Lines,  by  Frank  S.  Cum- 
mins ;  Express  Business  on  Interurban  Lines,  by  A.  Eastman  ;  Economic  Factors  in 
the  Selection  of  Cars  for  Urban  Service,  by  Samuel  M.  Curwen  ;  The  Relation  of 
the  Electric  Railway  Company  with  its  Employees,  by  C.  D.  Emmons  ;  The  Strike 
Problem  on  Electric  Railways,  by  Daniel  T.  Pierce;  Educating  the  Public  to  a 
Proper  Appreciation  of  Urban  Street  Railway  Problems,  by  A.  W.  Warnock  ;  The 
Presentation  of  Interurban  Problems  to  the  Public,  by  A.  D.  B.  Van  Zanrlt. 
Part  II,  Valuation  of  Intangible  Street  Railway  Property,  by  Frank  R.  Ford;  The 
Indeterminate  Permit  as  a  Satisfactory  Franchise,  by  William  Osgood  Morgan  ; 
State  Supervision  of  Electric  Railways  in  Wisconsin,  by  B.  H.  Meyer  ;  The  Fruits 
of  Public  Regulation  in  New  York,  by  Milo  R.  Maltbie  ;  Supervising  Engineers  and 
Street  Railway  Service,  by  George  Weston  ;  Industrial  Arbitration  in  Australia,  by 
Philip  S.   Eldershaw  and  Percy  Olden. 
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INDUSTRIAL  PLANTS. 

Their   Arrangement   and   Construction.     By   Charles  Day.      Cloth, 

7i  X  6|   in.,   illus.,  294  pp.     New  York,    The  Engineering  Magazine, 

1911.     $3.00. 

Much  of  the  subject-matter  contained  in  this  book  has  been  published  in  The 
Engineering  Magazine,  and  is  stated  to  define  for  the  first  time,  in  permanent  form, 
the  principles  and  the  practical  precepts  of  scientific  plant  construction.  In  Chap- 
ters I  to  VIII,  inclusive,  the  broad  industrial  principles  are  discussed,  together 
with  methods  of  arrangement  and  planning  of  industrial  plants.  Chapter  VII  is 
devoted  to  a  discussion  of  the  use  of  the  route-diagram  as  a  prime  factor  in  laying 
out  work.  It  Is  stated  that  the  metal-working  trades  was  selected  for  considering 
the  subject  specifically,  and  in  Chapter  IX,  the  author  discusses  machine-tool 
operation  and  the  administration  of  machine-shop  work  in  order  to  explain  the 
detailed  knowledge  required  by  engineers  who  plan,  construct  and  arrange  indus- 
trial properties.  Chapter  X  includes  descriptions  of  modern  industrial  plants  as 
examples  of  scientific  arrangement,  and  Chapters  XI  and  XII  bear  upon  the  rela- 
tionship of  client  and  engineer. 

KINETIC  THEORY   OF   ENGINEERING   STRUCTURES. 

Dealing  with  Stresses,  Deformations  and  Work,  for  the  Use  of 
Students  and  Practitioners  in  Civil  Engineering.  By  David  A.  Molitor, 
M.  Am.  Soc.  C.  E.  Cloth,  9i  x  7  in.,  illus.,  15  +  366  pp.  New  York 
and  London,  McGraw-Hill  Book  Company,  1911.     $5.00. 

This  work,  it  is  stated,  represents  an  effort  to  place  before  the  Profession  a 
treatise  on  the  analysis  of  engineering  structures  which  is  based  on  the  most  ad- 
vanced theories  and  researches  of  the  present  time.  The  reader  is  supposed  to 
possess  a  thorough  knowledge  of  the  mathematics  and  mechanics  included  in  the 
first  two  years  of  a  Civil  Engineering  course.  While  details  of  the  design  of  bridge 
members  and  connections  are  not  discussed,  it  is  stated  that  the  book  may  be  used 
as  a  text-book  in  bridge  stresses.  Each  subject  is  prefaced  by  brief  historical 
remarks,  and  all  important  theorems  bear  the  names  of  their  originators.  The 
Contents  are  :  Definitions  of  Terms  ;  Introduction  ;  Reactions  and  Redundant  Condi- 
tions ;  Theorems,  Laws,  and  Formulas  for  Framed  Structures  ;  Theorems,  Laws,  and 
Formulae  for  Isotropic  Bodies  ;  Influence  Lines  and  Areas  for  Statically  Determinate 
Structures ;  Special  Applications  of  Influence  Lines  to  Statically  Determinate 
Structures ;  Distortion  of  a  Statically  Determinate  Frame  by  Graphics  ;  Deflection 
Polygons  of  Statically  Determinate  Structures  by  Analytics  and  Graphics  ;  Deflection 
Influence  Lines  for  Statically  Determinate  Structures  ;  Influence  Lines  for  Statically 
Indeterminate  Structures  ;  Special  Applications  of  Influence  Lines  to  Statically 
Indeterminate  Structures  ;  Design  of  Statically  Indeterminate  Structures  ;  Stresses 
in  Statically  Determinate  Structures ;  Secondary  Stresses ;  Mitering  Lock  Gates ; 
Fixed   Masonry   Arches  ;    Bibliography  ;    Index. 
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Tech.  Mechanics,  Rens.  Poly.  Inst.,  101 
Hoosick  St.,  Troy,  N.  Y 

Collins,  Wales  Smith.     Brogan,  Ore 

Cowan,  Henry  Edwin.     P.  0.  Box  283,  St.  Augustine,  Fla. 

Fifield,  Ralph  Herbert.  Care,  U.  S.  Reclamation  Service, 
Malta,    Mont 

Flaherty,  Edward  Thomas.  539  I.  W.  Hellman  Bldg., 
Los    Angeles,    Cal 

FuQUA,  Paul  David.    U.  S.  Engr.  Office,  Rome,  Ga 

Gillham,  Philip  Dakin.     Mgr.,  Buffalo  Dist.   ')    , 

Sales    Office,    Corrugated    Bar    Co.,    303    I    ■      "      t,^ 
'              °  (   Assoc.  M. 

White  Bldg.,  Buifalo,  N.  Y ) 

Goodman,  Harry  Minott.      1366   South   King  i    Jun. 

St.,  Honolulu,  Hawaii \  Assoc.  M. 

Gravell,  William  Henry.  1218  C!hestnut  St.,  Philadel- 
phia,   Pa 

Hammond,  John  Miller.  302  East  43d  St.,  Kansas  City, 
Mo 

Hendrick,  Edward  Piebson.  Civ.  Engr.  and  Supt.  of 
Constr.,  Quartermaster's  Dept.,  U.  S.  A.,  203  Sum- 
mer St.,  Room  204,  Boston,  Mass 

Holden,  Charles  Alexander.  237  Rich  Ave.,  Mt.  Vernon, 
N.    Y 


Feb. 

28, 

1911 

Feb. 

28, 

1911 

Feb. 

28, 

1911 

Jan. 

31, 

1911 

Feb. 

28, 

1911 

April     4 

Nov.       1 

Sept.      4 
April     4 

Feb.     28 
Feb.     28 

Feb.     28 

Feb.     28 
Oct.        4 

Oct.      30 
April     4 

June      4 
Feb.     28 

April     4 

April     4 

April     4 
Feb.     28 


1911 

1910 

1906 
1911 

1911 
1911 

1911 

1911 
1910 

1906 
1911 

1907 
1911 

1911 

1911 


1911 
1911 
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ASSOCIATE  MEMBERS    (Continued)  Date  of 

Membership. 

IIowELL,    Cleves    IIaukison.      18   North   5th   St.,   Keokuk, 

Iowa Feb.     28,  1911 

Howie,  Howauu  Benson  Wilberfokce.     Asst.   ^    ,  k.^  n    mnp 

'  .        ^        ,      ^  /   Jun.  Mar.      G,   1906 

City    Lngr.,    City    Engr.  s    Ollice,    Chat-   I  ^^^^^    ^^      ^^^        g^   ^9^0 

tanooga,  Teiui \ 

IIuLSART,  Charles  Raymond.     >Jew  Paltz,  N.  Y Jan.  31,  1911 

Johnson,  Charles.     8228  Zimple  St.,  New  Orleans,  La....  Feb.  28,  1911 

KiRBY,  William  Franklin.     Anawalt,  W.  Va Jan.  31   1911 

KuNKEX,  Julius  Stephen.     Apartado  94,  Tampico,  Mexico.  Feb.  28,  1911 

Lee,    Charles    Hamilton.      Asst.    Engr.,    Los  )   Jun.  Jan.  2,  1906 

Angeles  Aqueduct,   Independence,   Cal..     j   Assoc.  M.  Jan.  31,  1911 

MoxTERO,  Julio  Daniei..     Enraniadas  alta  34  )   Jun.  Oct.  1,  1907 

(altos),  Santiago  de  Cuba,  Cuba \  Assoc.  M.  Feb.  28,  1911 

Powell,    Maurice   Vernon.      Care,    Madeira-Mamore    Ry., 

Caixa  304,  Manaos,  Brazil Oct.  4,  1910 

Raleigh,  Wilbur  Collins.    City  Engr.,  City  Hall,  Tacoma, 

Wash Feb.  28,   1911 

Reed,    William    Thomas.      201    Devonshire    St.,    Boston, 

Mass Feb.  28,  1911 

Reid,  John  Winfield.     900  Railway  Exchange  Bldg.,  Chi- 
cago,   111 Feb.  28,  1911 

RiEGEL,  Ross  Milton.     Asst.  Engr.,  Designing  ^  M  5    1907 

Div.,     Board     of     VVater     Supply,     165  t  ^^^^    ^  ^^^^  ^s!  1911 

Broadway,  ^ew  York  City \ 

Saunders,  Frank  William.     Celilo,   Ore Feb.  28,  1911 

Sawyer.  Howard  Lewden.     105  La  Salle  St.,  Room  1110, 

Chicago,    111 Feb.  28,   1911 

TozzER,  Arthur  Clarence.     Supt.  of  Constr.,  '\  A     '1     4    1905 

Turner  Constr.  Co.,  11  Broadway,  New  I  ^^^^^_  ^  /^l]  28'  1911 

York  City ) 

Turner,  John  Patrick.     Care,  John  J.  Turner  &  Sons,  41 

East  Main   St.,  Amsterdam,  N.  Y Feb.  28,  1911 

Werbin,  Israel  Vernon.     2630  Broadway,  New  York  City.  April     4,  1911 

associates 

Corbaley,  Charles  Wii.i.iam.     719  H.  W.  Hollman  Bldg., 

Los    Angeles,    Cal Feb.     28,   1911 

juniors 

Alexander,  Leon  Barton.     Room  74,  M.  C.  R.  R.  Depot, 

Detroit,    Mich Nov.       1,  1910 

Bailey,  Thomas  Sherwood.     530  Rugby  Rd.,  Schenectady, 

N.    Y Feb.     28,1911 

Blight,  Arthur  Frederick.     2701  West  35th  St.,  Denver, 

Colo Feb.     28,  1911 
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JUNIORS    (Continued)  Date  of 

Membership. 
Brown,  Clarence  Coavgill.     Care,  Baxter  L.  Brown,  GIU 

Merchants-Laclede  Bldg.,  St.  Louis,  Mo Feb.     28,   1911 

HuTH,  Christian.     1106  The  Rookery,  Chicago,  111 Jan.       3,   1911 

Menke,  William.     517  West  171st  St.,  New  York  City Dee.       6,   1910 

Morrison,  Roger  Leroy.     511   East  Green  St.,  Champaign, 

111 April     4,   1911 

Nitchie,  Francis  Raymond.     Bureau  of  Standards,  Wash- 
ington, D.  C Jan.       3,  1911 

Proctor,  Asa  Glisson.     Woodland,  Yolo  Co.,  Cal Oct.       4,  1910 

Smallman,  Ralph  Alcorn.     1205  McKinney  Ave.,  Houston, 

Tex Jan.     31,   1911 

Smith,  William  Durkee.     7357   Fourteenth  Ave.,  N.  W., 

Seattle,    Wasli Oct.        4,  1910 

Woods,  Harland  Clark.     Univ.  of  Colorado,  Boulder,  Colo.  Feb.     28,  1911 


CHANGES  OF  ADDRESS 

members 

Andrews,  Daniel  Marshai-l.    U.  S.  Asst.  Engr..  P.  0.  Box  72,  Rome,  Ga. 
AsHBAUGH,  Lewis  Eugene.     Hydr.  Engr.,  J.  G.  White  &  Co.,  9  Cloak  Lane, 

Cannon  St.,  London,  E.  C,  England. 
Baker,  Holland  Williams.     Care,  Dubuque  Boat  &  Boiler  Works,  Dubuque, 

Iowa. 
Ballinger,   Walter   Francis.      (Ballinger   &   Perrot,   Archts.   and   Engrs. ), 

1211  Arch  St.,  Philadelphia,  Pa. 
Barrally,  Thomas  Webster.      (Barrally  &  Ingersoll,  Engrs.  and  Contrs.), 

853  Powers  Bldg.,  Rochester,  N.  Y. 
Bates,  Onward.     332  South  Michigan  Ave.,  Chicago,  111. 
BiENENFELD,    Abel    Morris.      Cons.    Engr.,    Wells-Fargo    Bldg.,    San    Fran- 
cisco, Cal. 
Bissell,  Frank  Edward.     Chf.  Engr.,  Akron,   Canton  &  Youngstown  Ry., 

317  Everett  Bldg.,  Akron,  Ohio. 
Blanchard,  Murray.     Care,  Northern  Contr.   Co.,  Tallulah  Falls,  Ga. 
Bowers,  George.     359  Westford  St.,  Lowell,  Mass. 
Code,  William  Henry.    Chf.  Engr.,  U.  S.  Indian  Service,  526  Federal  Bldg., 

Los  Angeles,  Cal. 
Collins,  Roderick  Greene,  Jr.     1  Madison  Ave.,  New  Y^ork  City. 
Cooper,  Hugh  Lincoln.    Keokuk,  Iowa. 
CowLES,  Walter  Linsley.     Div.  Engr.,  Div.  of  Design,   Chicago  Passenger 

Subways,  105  S.  La  Salle  St.,  Chicago,  111. 
Curtis,  Walter  Wualey.     Cons.  Engr.,  537   South  Dearborn   St.,   Chicago, 

111. 
Davis,  Charles  Stratton.     4700  Racine  Ave.,  Chicago,  111. 
Dencer,  Frederick  William.    Engr.,  Gary  Plant,  Am.  Bridge  Co.,  Gary,  Ind. 
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iU.N.N,  l).vMi;i,  liuHKt;.  Clif.  Kngr.,  Macon,  Dublin  &  Savannah  11.  R., 
.Macon,  Ca. 

rEKGUSoN,  IIakuy  Saiitii.     200  Fifth  Ave.,  New  York  City. 

Field,  Fkedekick  Elbekt.  Care,  Hering  &  Fuller,  170  Broadway,  Room 
1011,  New  York  City. 

I'lTCH,  CiiAHi-ES  n.\LL.  Kngr.  in  Clig.,  Salt  River  Project,  U.  S.  Reclama- 
tion Service,  Piuvnix,  Ariz. 

Fill  II,  (Jkah.v.m  1)i:m!v.  I.t.-Col.,  Corps  of  Engrs.,  U.  S.  A.,  U.  S.  Engr. 
DHU'c,  IMoiitgoiucry.  Ala. 

FoKi).  I'"UK1)E1{U'K  JATiiEU.  (Ford,  Buck  &  Sheldon,  Inc.),  (iO  Prospect  St., 
Hartford,  Conn. 

(Jakdiner,  John  Peden.  Civ.  and  Hydr.  Engr.,  220  Lauglilin  Bldg.,  Los 
Angeles,  Cal. 

Greene.  Francis  Vinton.     65  Pine  St.,  New  York  City. 

Hague,  Charles  Arthur.     Cons.  Engr.,  147  West  94tli  St.,  New  York  City. 

Harris,  Stephen.    7219  Beyer  St.,  Mt.  Airy,  Philadelphia,  Pa. 

Houston,  Gavin  Nelson.  Cons,  and  Superv.  Engr.,  409  Equitable  Bldg., 
Denver,  Colo. 

lIiBBELL,  Clarence  William,  (hf.  Engr.,  Bureau  Public  Works,  Philip- 
pine Islands,  Manila,  Philippine  Islands. 

Jackson,  Thomas  Herbert.  Capt.,  Corps  of  Engrs.,  U.  S.  A.,  U.  S.  Engr. 
Office,  Dallas,  Tex. 

Johnson,  Lucien  Samuel.    U.  S.  Engr.  Office,  Louisa,  Ky. 

KiBBE,  Augustus  Sayre.    925  Chicago  Stock  Exchange  Bldg.,  Chicago,  111. 

Latfield,  Elwood  Norman.  Chairman,  Grand  Rapids  Grade  Separation 
Comm.,  535  Houseman  Bldg.,  Grand  Rapids,  Mich. 

Lee,  Francls  Valentine  Toluervy.  Asst.  Gen.  Mgr.  and  Chairman,  Eng. 
Committee.  Pacific  Gas  &  Elec.  Co.  and  San  Francisco  Gas  &  Elec. 
Co..  San  F'rancisco,  Cal.;  Care,  The  Royal  Colonial  Inst.,  Northum- 
berland   Ave..    London.    W.    C,    England. 

Maltby,  F'rank  Bierce.  Chf.  Engr.  and  Gen.  Mgr.  (Gahren,  Dodge  & 
Maltby),  29  Broadway,  New  York  City. 

Martin.  Wisner.     141  Milk  St.,  Boston,  Mass. 

Moore,  James  Edwin  Alexander.  Chf.  Engr.,  C.  0.  Bartlett  &  Snow  Co., 
Cleveland,  Ohio. 

Moore,  John  William.  Chf.  Engr.,  Indianapolis  &  Cincinnati  Traction  Co., 
3321  North  Capitol  Ave.,  Indianapolis,  Ind. 

Nichols,  Charles  Hart.    Cons.  Engr.,  1133  Broadway,  New  York  City. 

PoLLEYS,  William  Vaughn.  Supt.  of  Constr.,  Stone  &  Webster  Eng.  Cor- 
poration, Box  345,  Norristown,  Pa. 

Riblet,  Bvuon  Christian.     614  Realty  Bldg.,  Spokane,  Wash. 

Ritciue.  James.     Cons.  Engr..   1907   East  35th   St.,  Cleveland.  Ohio. 

Rockwell,  James  Vincent.  Civ.  Engr.,  U.  S.  N.,  U.  S.  Navy  Yard,  Charles- 
ton, S.  C. 

Rundlett,  Leonard  W.     007  Lincoln  Ave.,  St.  Paul,  Minn. 
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MEMBERS    {Continued) 
RuPLE,  Commodore  Perry.     Vice-Pres.,  The  C.  H.  Fath  &  Son  Const.  Co., 

1907  E.  35th  St.,  Cleveland,  Ohio. 
Shaw,   Sumner   Farniiam.     Chf.   Engr.,  Location,   Brazil  Ry.,   Sao   Paulo, 

Brazil. 
Shoemaker,  Marshall  Net.    Vice-Pres.,  Am.  Concrete  Steel  Co.,  151  Clifton 

Ave.,  Newarli,  N.  J. 
Sinks,  Frank  Forrest.    Care,  F.  T.  Crowe  &  Co.,  Globe  Bldg.,  Seattle,  Wash. 
Thompson,  Ellis  Dunn.    Cons.  Engr.,  804  Morris  Bldg.,  Philadelphia,  Pa. 
Tower,  Morton  Loudon.    U.  S.  Asst.  Engr.,  210  Federal  Bldg.,  Eureka,  Cal. 
Venable,   William   Mayo.     Cons.   Engr.    (Burke   &  Venable),    Room    706, 

Second   National   Bank   Bldg.,   Cincinnati,   Ohio. 
White,  Henry  Fisher.    Montrose,  Colo. 

associate  members 

Adams,  Edward  Maguire.  Capt.,  Corps  of  Engrs.,  U.  S.  A.,  Army  Bldg., 
New  York  City. 

Alderson,  Algernon  Brown.  (Alderson  &  Brainard,  Engrs.  and  Survs.), 
49  Pearl  St.,  Hartford,  Conn. 

Anderson,  Charles  Louis  Bates.  Chf.  Engr.,  Clarendon  Constr.  Co.,  P.  0. 
Box  513,  Wilmington,  N.  C. 

Berry,  Claude.     Care,  Modern  Steel  Structural  Co.,  Waukesha,  Wis. 

Berry,  Francis  Rigdon.     Care,  Wichita  Water  Co.,  Wichita,  Kans. 

Berry,  Leslie  Graham.     Care,  Corrugated  Bar  Co.,  St.  Louis,  Mo. 

Bland,  Miles  Carlisle.     Engr.,  The  Canton  Bridge  Co.,  Canton,  Ohio. 

Boucher,  William  James.  Div.  Engr.,  Chicago  Passenger  Subways,  105 
South  La  Salle  St.,  Chicago,  111. 

Braunworth,  Percy  Lewis.  Cons.  Engi-.  (Farley  &  Braunworth),  Wilkin- 
son Bldg.,  Trenton,  N.  J. 

Brinkley,  Milo  Hamilton.  Room  2238,  Grand  Central  Terminal,  New  York 
City. 

Brooks,  Miles  Elijah.  Locating  Engr.,  Kettle  River  Val.  Ry.,  Summer- 
land,  B.  C,  Canada. 

Bruning,  Henry  Diedrich.     150  E.  13th  Ave.,  Columbus,  Ohio. 

Bunker,  Stephen  Sans.  Div.  Engr.,  Madeira-Mamor§  Ry.,  P.  0.  Box  304, 
Manaos,   Brazil. 

Burt,  Luther  Harold.  Cons.  Engr.  (L.  W.  Burt  &  Son),  39  Pearl  St., 
Hartford,  Conn. 

Clapp,  Wilfred  Atherton.  Care,  Const.  Quartermaster,  Fort  McDowell, 
Cal. 

CooMER,  Ross  Miller.     449  Washington  Ave.,  Belleville,  N.  J. 

Cooper,  David  Reginald.  Care,  Ontario  Power  Co.,  P.  O.  Box  3,  Niagara 
Falls,  N.  Y. 

Cunningham,  John  George  Lawrence.     Abasolo  y  7a,  Matamoros,  Mexico. 

Davis,  Fred  Rufus.    1957  East  14th  St.,  Brooklyn,  N.  Y. 
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ASSOCIATE  MEMBERS    (Continued) 

i)E  CiKATRESSE,  JosEPii  Reygondeau.     Hawkesbury,  Ont.,  Canada. 

Deruick,  Clarence.     130  Black  Rock  Ave.,  New  Britain,  Conn. 

DoN.uiEY,  Joseph  Alexander.  Asst.  Engr.,  The  Akron,  Canton  &  Youngs- 
town  Ry.  Co.,  317  Everett  Bldg.,  Akron,  Ohio. 

Dunn,  Herbert  Luther.     62  Livingston  St.,  Brooklyn,  N.  Y. 

Fischer,  Theodore  Christi.\n.    535  Adams  Ave.,  Elizabeth,  N.  J. 

FiSK,  Andrew  Jackson,  Jb.    Civ.  and  Hydr.  Engr.,  Helena,  Mont. 

Gayler,  Ernest  Rotteck.  Civ.  Engr.,  U.  S.  N.,  Naval  Station,  Honolulu, 
Hawaii. 

Goodman,  Leon.     1825  Commercial  National  Bank  Bldg.,  Chicago,  111. 

Gr.\y,  Edward,  Jr.  Asst.  Engr.,  C.  &  0.  Ry.  Co.,  114  North  4th  St.,  Rich- 
mond, Va. 

ILvxdeman,  Walter  Stanley.  Chf.  Engr.,  H.  L.  Stevens  &  Co.,  510  Hall 
Bldg.,  Kansas  City,  Mo. 

Hancock,  Henry  Sydney,  Jr.  Cons.  Engr.,  315  Pacific  Bldg.,  Vancouver, 
B.  C,  Canada. 

Hardesty,  James  Robert.  Contr.  Engr.,  Virginia  Bridge  &  Iron  Co., 
Roanoke,  Va. 

Hauck,  William.     Room  2003,  Park  Row  Bldg.,  New  York  City. 

Hays,  Don.  Dist.  Engr.,  C,  M.  &  P.  S.  Ry.,  416  N.  Second  St.,  North 
Yakima,  Wash. 

Hays,  Donald  Symington.    Care,  Mt.  Hood  Ry.  &  Power  Co.,  Portland,  Ore. 

Hermanns,  Frank  Edward.  Care,  C.  W.  Hudson,  45  Broadway,  New  York 
City. 

IIowE,  Herbert  Frank.  Care,  Spanish-American  Iron  Co.,  Felton,  Oriente, 
Cuba. 

Hudson,  Hakold  Walton.  Engr.,  Rockfish  Val.  R.  R.,  Nellysford,  Nelson 
Co.,  Va. 

JoHANNESSON,  SiGVALD.     149  Chestnut  St.,  Montclair,  N.  J. 

Johnson,  Edwin  Samuel.  Gen.  Mgr.  and  Chf.  Engr.,  South  Penn  Rys.  & 
Light  Co.,  Meyersdale,  Pa. 

Lathrop,  Jay  Cowden.     Chf.  Engr.,  Iowa  Traction  Co.,  Oskaloosa,  Iowa. 

I.iGHTFOOT.  William  Joseph.  U.  S.  Surv.  and  Special  Disbursing  Agt., 
Dept.  of  the  Interior;  Care,  U.  S.  Surveyor-General,  San  Francisco, 
Cal. 

Meem,  James  Lawrence.  Civ.  Engr.  and  Contr.,  1310  Church  St.,  Lynch- 
burg, Va. 

Melick,  Ne.\l  Albert.  Supt.  of  Constr.,  U.  S.  Public  Bldgs.,  Granite  City, 
111. 

Miller.  George  Soter.  16  Bank  of  Toronto  Chambers,  Montreal,  Que., 
Canada. 

NoYES,  Harry  Lincoln.    Care,  Union  Carbide  Co.,  Niagara  Falls,  N.  Y. 

Cakes,  Luther  Stevens.     801  Globe  Bldg.,  Minneapolis,  Minn. 

Paget,  Charles  Souders.  (Purnell  &  Paget,  Archts.  and  Engrs.),  Shameen, 
Canton,  China. 
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ASSOCIATE  MEMBERS    {Continued) 
Patch,  Homer  Austin.     Contr.  Engr.,  Minneapolis  Steel  &  Machinery  Co., 

1317  E.  Rio  Grande  St.,  El  Paso,  Tex. 
Pekrot,   Emile  George.      (Ballinger  &   Perrot,   Archts.   and   Engrs.),    1211 

Arch  St.,  Philadelphia,  Pa. 
Phillips,   Theodore   Clifford.     Civ.   and   Hydr.   Engr.,   4942    Washington 

Ave.,  Chicago,  111. 
Poole,  Charles  Arthur.     Care,  City  Engr.'s  Office,  Rochester,  N.  Y. 
Rankin,  Haery  Howard.    Civ.  and  Min.  Engr.,  1321  Park  Bldg.     (Res.,  5547 

Raleigh  St.,  near  Wightman  St.),  Pittsburg,  Pa. 
RiGGS,  Thomas,  Jr.     Engr.,  to  tlie  Conim.,  Alaska  Boundary   Survey;   Ad- 
dress, Coast  and  Geodetic   Survey,  Washington,   D.  C. 
RoBBiNS,  Hallet  Rice.    Civ.  and  Min.  Engr.,  P.  O.  Box  51,  Seattle,  Wash. 
Sargent,  Joseph  Andrews.     Eng.  Adviser,  Northwest  Co.,  Inc.,  605  Lum- 
berman's  Bldg.,   Portland,   Ore. 
Sawyer,  Donald  Hubbard.    Treas.,  Northwestern  Eng.  Corporation,  General 

Delivery,  Portland,  Ore. 
Schubert,    Charles    Wesley.      Structural    Engr.,    Estimating    Dept.,    The 

Brown  Hoisting  Machinery  Co.      (Res.,   1357   East  110th  St.),  Cleve- 
land, Ohio. 
Sesser,  John  Cornelious.     Asst.  Engr.,  M.  of  W.,  G.  N.  R.  R.  System,  St. 

Paul,  Minn. 
Shobtt,  John  Haggerty.     407  Huron  St.,  Toronto,  Ont.,  Canada. 
SissoN,   George  Arthur.     Supt.,   Div.   3,   Dalles-Celilo   Canal,  U.   S.   Engr. 

Office,  Big  Eddy,  via  The  Dalles,  Ore. 
Smith,  Courtland  Elmore.     174  Prospect  PI.,  Brooklyn,  N.  Y. 
Taylor,  Edward  Ballinger,  Jr.     Div.  Engr.,  Logansport  Div.,  P.,  C,  C.  & 

St.  L.  Ry.,  Logansport,  Ind. 
ToLTZ,  Max.     Gen.  Mgr.,  Manistee  &  Grand  Rapids  R.  R.,  1014  P.  P.  Bldg., 

St.  Paul,  Minn. 
ToMBO,  Carl.     321  St.  Nicholas  Ave.,  New  York  City. 
Tooker,  Francis  Westervelt.     1  Madison  Ave.,  New  York  City. 
Treadway,  Howard  Platt.     Vice-Pres.  and  Treas.,  Kansas  City  Bridge  Co., 

510  Orear-Leslie  Bldg.,  Kansas  City,  Mo. 
TuDBURY,  Warren  Chamberlain.    47  West  126th  St.,  New  York  City. 
Tyler,  Roy  Dexter.    2607  Warren,  Cheyenne,  Wyo. 
VoGT,   John   Henry  Leon.     1009   Penn.  Ave.,    San   Diego,   Cal. 
Waite,  Donald  Cramer.     Asst.  Engr.,  Interborough  Rapid  Transit  Co.,  165 

Broadway,    New    York    City     (Res.,    1397    East    17th    St.,    Brooklyn, 

N.  Y.). 
White,  Lazarus.     Div.  Engr.,  Board  of  Water  Supply,  City  of  New  York, 

612  W^est  137th  St.,  New  York  City. 
Willard,  Norman  Rand.     Care,  Ambursen  Hydr.  Constr.  Co.,  88  Pearl  St., 

Boston,  Mass. 
Wills,  Arthur  John.     2561  Manee  St.,  Montreal,  Que.,  Canada. 
Winn,  Walter  Scott.     Secy,  and  Mgr.,  The  North  Alabama  Constr.   Co., 

Demopolis,  Ala. 
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ASSOCIATE    MKMBEUS     {ConUnittd) 

WiTiiAM.   Mykon  Ellis.     Cons.  Engr.    (Bull  &  Withani),  1015   Kustor  Bldg., 

Di'iivor,  Colo. 
W'oi.ir,  Hans  Heumann.     Caro,  Cross  &  WolfV  I'hig.  &  Contr.  Co.,  738  llonry 

Hldg.,  Seattle,  Wash. 

ASKOCIATK.S 

Stkoebe,  George  (.'ottlieb.     Baguir,  Mountain  Prov.,  Philippine  Islands. 

JUNIORS 

Hakik.  Xi;i)  Duncan.     4001   West  St.,  Oakland,  Cal. 

Bakkku,  James  Madison.    20  Oxford  St.,  Pittsfield,  Mass. 

Bbainard,  Albert  Sereno.  (Alderson  &  Brainard,  Engrs.  and  Survs.),  4!) 
Pearl  St.,  Hartford,  Conn. 

Brown,  David  Harell.  Engr.,  M.  of  W.,  Salt  Lake  &  Ogden  Ry.,  Box  240, 
Ogden,  I'tah. 

Brown,  Grover  Charles.  Junior  Engr.,  Am.  Section,  International  Water- 
ways Comni.,  328  Federal  BIdg.,  Buffalo,  N.  Y. 

HuRNiiAM,  George  Earle.     Bureau  of  Lands,  Manila,  Philippine  Islands. 

Burpee,  George  William.  Care,  \\'estinghouse.  Church,  Kerr  &  Co.,  10 
Bridge  St.,  New  York  City. 

Burton,  Wayne  Joseph.    Div.  Engr.,  Mo.  Pae.  Ry.,  Pueblo,  Colo. 

Rushell,  Arthur  William.     Bureau  of  Lands,  Manila,  Philippine  Islands. 

Ellsworth,  Lincoln.  Engr.,  Yale  Expedition  to  Peru,  18  East  53d  St.,  New- 
York  City. 

L.ntenmann,  Paul  Max.  Asst.  Engr.,  Public  Service  Comni.,  First  Dist.. 
317  Sixth  Ave.,  Brooklyn,  N.  Y. 

Foss,  James  Calvin,  Jr.    Chf.  Engr.,  Kahului  R.  R.,  Kahului,  Maui,  Hawaii. 

Harper,  Frederick  Clayton.  Mgr.,  Chicago  Unit  Constr.  Co.,  91  Dearborn 
St.,  Chicago,  111. 

Hemphill.  William  Lind.  Surv.,  Bureau  of  Lands,  Manila,  Philippine 
Islands. 

Hess.  John  Strider.    903  Pine  St.,  San  Francisco,  Cal. 

HoEFT,  George  Eliot.     182  Lincoln  St.,  Brooklyn,  N.  Y. 

IIoRTON,  John  William.  Asst.  Engr.,  Central  California  Traction  Co.,  2G14 
California  Ave.,  Sacramento,  Cal. 

KiNGSLEY,  George.     985  Fox  St.,  New  York  City. 

KniKwooD,  Howard  Camberne.  Asst.  Engr.,  Penn.  T.  &  T.  R.  R.  Co.. 
Pennsylvania  Station,  New  York  City  (Res.,  212  Barclay  St.,  Flush- 
ing, N.  Y.). 

Knutson,  George  Henry.  Care.  Wm.  G.  Fargo,  Cons.  Engr.,  303  Common- 
wealth Bldg.,  Jackson,  Mich. 

Lewis,  Wilfred.     207  Harvard  Ave.,  N.,  Seattle,  Wash. 

XoYES,  Stephen  Henley.     15  Francis  St.,  Newport,  R.  I. 

Rexnei.l.  Tr[:NRY  HuRD.  Asst.  Engr.,  United  Rys.  of  Havana,  Egido  2, 
Havana,  Cuba. 

Rorero,  Ralph  Mason.  Supt.  of  Constr.,  H.  L.  Stevens  &  Co.,  P.  0.  Box 
276,  RoswcH,  N.  Mex. 
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JUNIOHS    (Continued) 
Roberts,  Hauolu  Whitney.     With  Rapid  Transit  iSuhway  (  oiistr.  Co.,   1G5 

•Broadway    (Res.,  619  West  136th  St.),  New  York  t  ity. 
Russell,  Alexander  Stuart.     418  Fleming  Bldg.,  Phoenix,  Ariz. 
Stewart,  Charles  Sumner.    Draftsman,  H.  B.  Sachett  Screen  &  Cliute  Co., 

2209  Monroe  St.,  Chicago,  111. 
Tefft,  William  Wolcott.     Constr.  Office,  Wealthy  Ave.  Steam  Plant,  Grand 

Rapids,   Mich. 
Tillit,  Pedro  Ernesto.     General  Delivery,   Chicago,   111. 
Trask,  Warren  Dudley.     37  Sewall  St.,  Augusta,  Me. 
Tyler,  Richard  Gaines.     Instr.  in  Civ.  Eng.,  Univ.  of  Texas,  I50G  Congress 

Ave.,  Austin,  Tex. 
Van  Vleck,  James  Brackett.     5831  Clemens  Ave.,  St.  Louis,  Mo. 
VoLCK,  Adalbert  George.     R.  F.  D.  No.  2,  Bingham  Mills,   Germantown, 

N.   Y. 
^^'ARRACK,  James  Baldwin.     Supt.  of  Constr.,  Oregon-Washington  R.  R.  & 

Nav.  Co.,  Seattle,  Wash. 
Weaver,  Earll  Chase.     Care,  Clayton  Orchards,  Ashland,  Ore. 
Wilbanks,  John  Robert.     Care,  Franklin  Bank,  St.  Louis,  Mo. 
Weight,  Albert  Eugene.     482  South  7th  East,  Provo,  Utah. 


RESIGNATIONS 


JUNIORS  Date  of 

Resignation. 

Cook,  John  Wheeler April     4,  1911 


DEATHS 

Caldwell,  George  Bowers.  Elected  Member,  April  1st,  1908;  died  March 
31st,    1911. 

Hawkins,  Irving.  Elected  Associate  Member,  May  6th,  1908;  died  March 
14th,  1911. 

Lombardo,  Javier  Diaz.  Elected  Associate  Member,  October  2d,  1907;  died 
March   22d,   1911. 

Ly'dston,  Walter  Edward.  Elected  Junior,  April  4th,  1905;  died  May  8th, 
1910. 

Shima,  Takejiro.  Elected  Associate  Member,  March  4th,  1903;  died  Decem- 
ber, 1910. 


Total  Membership  of  the  Society,  April  ii,  ipii, 
5  940. 
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MONTHLY    LIST   OF    RECENT   ENGINEERING    ARTICLES  OF 

INTEREST 

(March   Ttli  to  April  Ttli,  1911) 

NoTK. — 'This  lint  is  published  for  the  purpose  of  placing  before  the 
members  of  the  Society  the  titles  of  current  engineering  articles, 
which  can  be  referred  to  in  any  available  engineering  library,  or  can  be 
procured  by  addressing  the  publication  directly,  the  address  and  price 
being  given  wherever  possible. 

LIST  OF  PUBLICATIONS 

In  the  subjoined  list  of  articles,  references  are  given  by  the  number 
prefixed  to  each  journal  in  this  list: 

(28)  Journal,  New  England  Water- 
Works  Assoc,   Boston,  Mass.,  $1. 

(29)  JouriKil,  Royal  Society  of  Arts, 
London,    England,    15c. 

(30)  Annalcs  dcs  Travaux  Publics  de 
Belgique,    Brussels,    Belgium. 

(31)  Annalcs  de  I'Assoc.  des  Ing.  Sortis 
des  Ecoles  Speciales  de  Gand, 
Brus.sels,    Belgium. 

(32)  M6moijes  et  Compte  Rendu  des 
Travaux,  Soc.  Ing.  Civ.  de 
France,    Paris,    France. 

(33)  Le   Genie   Civil,   Paris,   France. 

(34)  Portefeuille  Economiques  des  Ma- 
chines,  Paris,   France. 

(35)  Nouvelles  Annales  de  la  Construc- 
tion,  Paris,    France. 

(37)  Revue  de  Mecanique,  Paris,  France. 

(38)  Revue  Generale  des  Chemins  de 
Fer  et  des  Tramways,  Paris, 
France. 

(42)  Proceedings.  Am.  Inst.  Elec. 
Engrs.,    New   York   City,   50c. 

(43)  Annales  des  Ponts  et  Chaussees, 
Paris,  France. 

(44)  Journal,  Military  Service  Institu- 
tion, Governors  Island,  New  York 
Harbor,    50c. 

(45)  Mines  a7id  Minerals,  Scranton,  Pa., 
20c. 

(46)  Scientific  American,  New  York 
City,  8c. 

(47)  Mechanical  Engineer,  Manchester, 
England. 

(48)  Zeitschrift,  Verein  Deutscher  In- 
genieure,    Berlin,    Germany. 

(49)  Zeitschrift  fiir  Bauwcsen,  Berlin, 
Germany. 

(50)  Stahl  und  Eisen,  Diisseldorf,  Ger- 
many. 

(51)  Deutsche  Bauzeitung,  Berlin,  Ger- 
many. 

(52)  Rioasche  Industrie-Zcitung,  Riga, 
Russia. 

(53)  Zeitschrift.  Oesterreichischer  In- 
genieur  und  Architekten  Verein, 
Vienna,    Austria. 

(54)  Transactions,  Am.  Soc.  C.  E  New 
York    City,    $4. 

(55)  Transactions,  Am.  Soc.  M.  E.  New 
York    City,    $10. 

(56)  Transactions.  Am.  Inst.  Min. 
Engrs.,    New    York    City,    $5. 

(57)  Colliery  Guardian,  London,  Eng- 
land. 


(1)  Journal,      Assoc.      Eng.      Soc,      31 

Milk    St.,    Boston,    Mass.,    30c. 

(2)  Proceedings.  Engrs.   Club  of   Phila., 

1317     Spruce     St.,     Philadelphia, 
Pa. 

(3)  Journal,    Franklin    Inst.,    Philadel- 

phia,   Pa.,    50c. 

(4)  Journal.    Western    Soc    of    Engr^., 

Monadnock   BIk.,    Chicago,    111. 

(5)  Transactions,      Can.      Soc.      C.      E., 

Montreal,    Que.,    Canada. 

(6)  School     of     Mines     Quarterly,     Co- 

lumbia   Univ.,     New     York    City, 
50c. 

(8)  Stevens  Institute  Indicator,  Stevens 

Inst.,    Hoboken,   N.   J.,   50c. 

(9)  Enpincering    Magazine,    New    York 

City,    25c. 

(10)  Cassier's  Magazine,  New  York  City, 

25c. 

(11)  Engineering       (London),      W.      H. 

Wiley,    New   York    City,    25c. 

(12)  The     Engineer      (London),       Inter- 

national    News     Co.,     New     York 
City,    35c. 

(13)  EnqiJieering  News,  New  York  City, 

i5c. 

(14)  Enqineering      Record,      New      York 

City,    12c. 

(15)  Railway    Age    Gazette,    New    York 

City,    15c. 

(16)  Engineering    and    Mining    Journal, 

New  York  City,   15c. 

(17)  Electric      Railway      Journal,      New 

York    City,    10c. 

(18)  Railway    and    Engineering    Reviexo, 

Chicago,    111.,   10c. 

(19)  Scientific      American      Supplement, 

New   York    City,    10c. 

(20)  Iron    Age,   New   York   City,    10c 

(21)  Railway     Engineer,     London,     Eng- 

land,   25c. 

(22)  Iron  and  Coal  Trades  Review,  Lon- 

don,  England,   25c. 

(23)  Bulletin.    American    Iron    and    Steel 

Assoc,    Philadelphia,    Pa. 

(24)  Americati    Gas   Light   Journal,   New 

York   City,    10c. 

(25)  Amvrican      Engineer,      New      York 

City,   20c. 

(26)  Electrical     Review,     London,     Eng- 

land. 

(27)  Electrical    World,    New    York    City, 

10c. 
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(58)  Proceedings^    Engrs.'    Soc.    W.    Pa., 

803      Fulton      Bldg.,      Pittsburg, 
Pa.,    50c. 

(59)  Transactions,   Mining  Inst,   of  Scot- 

land,     London      and      Newcastle- 
upon-Tyne,    England. 

(60)  Municipal       Engineering,       Indian- 

apolis,   Ind.,    25c. 

(61)  Proceedings,        Western        Railway 

Club,   225  Dearborn  St.,  Chicagu, 
111.,   25c. 

(62)  Industrial     World,     59     Ninth     St., 

Pittsburg,    Pa. 

(63)  Minutes  of  Proceedings,  lust.  C.  E., 

London,  England. 

(64)  Power,   New   York  City,   20c. 

(65)  Official      Proceedings,      New      York 

Railroad   Club,    Brooklyn,    N.    Y., 
15c. 
1.66)    Journal    of    Gas    Lighting,    London, 
England,   15c. 

(67)  Cement      and     Engineering      Ncios, 

Chicago,    111.,    25c. 

(68)  Mining  Journal,  London,  England. 

(70)  Engineering      Review,      New      York 

City,    10c. 

(71)  Journal,  Irou  and  Steel  Inst.,   Lon- 

don,   England. 
(7 la)    Carnegie      Scholarship      Memoirs, 
Iron     and     Steel     Inst.,     London, 
England. 

(73)  Electrician,    London,    England,    18c. 

(74)  Transactions,     Inst,     of     Min.     and 

Metal.,  London,   England. 

(75)  Proceedings.   Inst,   of   Mech.   Engrs., 

London,   England. 

(76)  Brick,  Chicago,  111.,  10c. 

(77)  Journal,  Inst.  Elec.  Engrs.,  London, 

England. 

(78)  Beton   und  Eisen,  Vienna,    Austria. 

(79)  Forscherarbeiten,    Vienna,    Austria. 

(80)  Tonindustrie   Zeitung,   Berlin,    Ger- 

many. 

(81)  Zeitschrift  fiir  Architektur  und  In- 

genieurwesen,     Wiesbaden,     Ger- 
many. 

(83)  Proqressive    Age,    New    York    City, 

15c. 

(84)  he    Ciment,   Paris,    France. 


(85)  Proceedings,  Am.   Ry.   Eng.   and  M. 

of  W.  Assoc,  Chicago,  111. 

(86)  Engineering-Contracting,      Chicago, 

111.,  10c.' 

(87)  Roadmaster  and  Foreman,  Chicago, 

111.,   10c. 

(88)  Bulletin    of    the    International    Ry. 

Congress    Assoc,     Brussels,    Bel- 
gium. 

(89)  Proceedings,    Am.    Soc.    for    Testing 

Materials,    Philadelphia,   Pa. 

(90)  Transactions,        Inst.        of        Naval 

Archts.,    London,    England. 

(91)  Transactions,     Soc.     Naval     Archts. 

and    Marine    Engrs.,    New    York 
City. 

(92)  Bulletin,       Soc.       d'Encouragement 

pour  I'lndustrie  Nationale,  Paris, 
France. 

(93)  Revue       de       Metallurgie,       Paris, 

France,   4  fr.  50. 

(94)  The  Boiler  Maker,   New   York   City, 

10c. 

(95)  International    Marine    Engineering, 

New  York  City,   20c. 

(96)  Canadian    Engineer,    Toronto,    Can- 

ada,   15c. 

(97)  Turbine,  Berlin,  Germany,   1  Mark. 

(98)  Journal,      Engrs.      Soc.      Pa.,      219 

Market  St.,   riarrisburg,  Pa.,  30e. 

(99)  Proceedings,   Am.   Soc.  of  Municipal 

Improvements,    New    York    City, 
$1.50. 

( 100)  Professional     Memoirs.     Corps     of 

Engrs.,     U.     S.     A.,     Washington, 
D.    C,    $1. 

(101)  Metal     Worker,     New     York     City, 

10c. 

(102)  Organ    fiir      die    Fortschritte    des 

Eisenbahmvesens,  Wiesbaden, 

Germany. 

(103)  Mining    and    Scientific    Press,    San 

Francisco,   Cal.,  10c. 

(104)  The    Surveyor    and   Municipal   and 

County    Engineer,    London,    Eng- 
land,  6d. 
{i05)  Metallurgical     and     Chemical     En- 
gineering, New  York  City,  25c. 


LIST  OF  ARTICLES. 
Bridges. 

The  Arch  Principle  in  Engineering  and  Esthetic  Aspects,  and  Its  Application  to 
Long  Spans.*      C.   R.  Grimm,  M.  Am.   Soc.   C.  B.      (54)      Vol.  71. 

Personal  Experiences  and  Mistakes  in  the  Construction  of  Substructures  and 
Foundations  Designed  by  the  Author  Within  a  Radius  of  Sixty  Miles  of 
Pittsburgh.*      E.    K.    Morse.      (58)      Feb. 

The  New  Hawthorne  Ave.  Bridge  at  Portland,  Ore.*  W.  P.  Hardesty.  (13) 
Mar.    9. 

The  Bottom   Chords  of  the   Beaver   Bridge.*      (14)      Mar.    11. 

Methods  and  Cost  of  Constructing  Piers  and  Foundations  for  the  Chicago,  Milwaukee 
&  Puget  Sound  Ry.  Bridge  Across  the  Columbia  River.*  R.  H.  Ober.  (Ab- 
stract of  paper  read  before  the  Pacific  Northwest  Soc.  of  Engrs.)  (86) 
Mar.    15. 

Highway  Bridges  from  the  Investment  Point  of  View.  C.  R.  Young.  (Paper  read 
before  the  Ontario  Good  Roads  Assoc.)  (14)  Mar.  18;  (96)  Mar.  16;  (86) 
Mar.    15. 

The  Substructure  of  the  Municipal  Bridge  over  the  Mississippi  River  at  St.  Louis. 
Mo.*      S.  W.  Bowen,  Assoc  M.  Am.   Soc.  C.  E.      (13)   Mar.  16;    (86)    Mar.   8. 

The  Bridges   of  Nova  Scotia.*      (96)      Mar.   16. 


►Illustrated. 
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Bridges— (Continued). 

Concrete   FilKd    Steel    Arches.*      Henry    H.    Quimby.      (Paper    read    before    the    Nat. 

Assoc,   of    Conient    Users.)       (96)      Mar.    23. 
The  Reconstruction  of  the  Quebec  Bridge.*      Franlc   W.   Skinner.      (11)      Mar.   24. 
Tests    of    Model    Chords    Made    for    the    Quebec    Bridge.*      (12)      Serial    beginning 

Mar.   24. 
The  Truss  Members   of  the  Beaver   Bridge.*      (14)      Mar.    25. 
A   Highway   Bridge   Built  of  Separately-Molded   Members.*      (14)      Mar.    25. 
The   Penhorn   Creek   Viaduct.   Jersey   City.*      (14)      Apr.   1. 
Leakage   at   Cabin   .John   Bridge.*      (14)      Apr.   1. 
The    Dallas-Oak    Cliff    Viaduct.*      Victor    H.    Cochrane,    M.    Am.    Soc.    C.    E.      (14) 

Apr.   1:    (13)    Mar.   30;    (86)    Apr.   5. 
A  Case  of  Failure  of  Bridge  Pier  Foundations  and  the  Methods  Adopted  for  Recon- 
struction.     (13)      Apr.    6. 
Le  Pont   de   Constantine  sur   le  Riimmcl.     F.   Launay.      (43)      Jan. 
Pont   sur  la   Meuse  entre  Seraing  et  Jempere.*     T.   Seyrig.      (30)      Feb. 
Contribution   k   I'Etude  des   Ponts  ft   BSquilles.*      R.   Desprets.      (30)      Feb. 
Viaduc  de  Lantosque,   Chemin  de  Fer  Elcctrique  de  la  Valine  de  la  Vesubie    (Alpes- 

Maritimes).*      James    Boudet.      (35)      Mar. 
Eine  eigenartige  Kabelkranform  zum  Bau  der  neuen  Donaubriicke   in   Ulm.*     Hans 

Wettich.      (51)      Mar.    11. 
Vom    Wettbewerb   um   die    Kaiser-Briicke   in   Bremen.*     Fritz   Eiselen.      (51)      Mar. 

15. 

Electrical. 

:^treet  Lighting  by  Modern   Electric  Lamps.*      Haydn   T.   Harri«"n.      (77)      Feb. 
The  Irregularities  in  the  Rotating  Field  of  the  Polyphase  Induction  Motor.*      Charles 

F.   Smith.      (77)      Feb. 
The  Testing  of  Transformer  Iron.*      Lancelot  W.  Wild.      (77)      Feb. 
Inherent    Speed    Regulation    of    the    Direct-Current    Shunt    Motor.*      E.    W.    Short. 

(77)      Feb. 
Breaking  High  and  Low  Potential  Circuits.*      A.  G.  Collis.      (Paper  read  before  the 

South    Wales    Inst,    of    Engrs.)       (22)    Feb.    24;       (57)    Feb.    24;       (73)    Serial 

beginning  Mar.   10. 
Network   Analysis.*      J.   R.   Dick.      (73)      Feb.    24. 

Electric  Power  on  the  Northeast  Coast.*      (11)      Serial  beginning  Feb.   24. 
Some  Phenomena  and  Applications  of  the   Electric  Current.*      J.   G.   Clark.      (Paper 

read  before  the   London   and   Southern   Dist.   Jun.   Gas   Assoc.)       (66)      Feb.    28. 
The  Electric  Lighting  of  Trains.      Max  Biittner.      (From  Elek.  Kraft    und  Bahnen.) 

(88)      Mar. 
Dielectric    Stresses    from    the    Mechanical    Point    of    View.*      W.    S.    Franklin.       (3) 

Mar. 
The    New    Ironclad-Exide    Battery    for    Electric    Vehicles.*       L.     H.    Flanders.     (3) 

Mar. 
The  St.   Lawrence  River  Crossing  of  the  Canadian   Light   and   Power   Transmission 

Lines.*      (96)      Mar.   2. 
Series    Alternating-Current    Motors   for   Three-Phase    Currents.*      Charles    F.    Smith. 

M.    Inst.    Elec.    Engrs.      (47)      Mar.    3. 
Motors  for  Driving  Main   Rolls  of  Rolling  Mills.*      Brent  Wiley.      (22)      Mar.    3. 
Dominion   Power   and   Tran.5niission    Company.*      (27)      Mar.    9. 
Central    Station    Development    at   Marlborough,    Mass.*      (27)      Mar.    9. 
Electrical   Features   of  the    Brescia-Salo    Toscolano   1  200-Volt   Direct    Current   Rail- 
way.*     Mario   Stoppoloni.      (27)      Mar.    9. 
Short    Cuts    in    High-Tension    Transmission    Line    Estimates.*      Clarence    P.    Fowler. 

(27)      Mar.    9. 
Boosters.*      (12)      Serial    beginning    Mar.    10. 
Pla.stic     Insulating     Materials.      A.     Hakannson.      (Abstract    from    Elelctrotechnische 

Zeitschrift.)       (73)      Mar.    10. 
The  Reactance  of  Asynchronous  Motors.*      J.  Rezelman.      (73)      Mar.   10. 
Work  of  Laying  Power  Cable  Under  the  Connecticut  River.*      (17)      Mar.   11. 
Lehigh   Valley   Transit   Company.*      (27)      Mar.    16. 
An    Experimental    Determination    of    the    Strength    of   Full-Sized    Telephone    Poles.* 

l.,awrpnce    S.    Winche-ter.       (27)       Mar.    Ifi. 
Arc-Lamp  Electrodes.*      A.   Mahlke.      (27)      Mar.   16. 

Wireless  Telegraphy  from   Aeroplanes.*      T.   Thorne  Baker.      (73)      Mar.   17. 
Hydroelectric   Plant    in   Italy.*      J.   B.   Van   Brussel.      (64)      Mar.   21. 
Electrification     of     the    Pullman     Passenger-Car     Shops.*      (27)      Serial     beginning 

Mar.   23. 
Progress   at   Wolverhampton   Electricity  Works.*      (26)      Mar.    24. 
Portable    Storage    Batteries    as    Applied    to    Automatic    Signals    on    the    Harriman 

Lines.*     A.    H.    McKeen.      (Paper    read    before    the   Ry.    Signal    Assoc.)      (18) 

Mar.    25. 
Construction  of  United  States  Reclamation  Service  Transmission  Lines  in  Arizona.* 
(27)      Mar.    30. 


*  Illustrated. 
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Blectrical  -  (Continued). 

A    Now    and     Direct    Process    of    Producing    Alternating-Current    Vector    Diagrams 

Rxii-'rimontally.*      A.    E.     Kennelly,     H.     G.     Crane     and     J.     W.     Davis.      (27) 

Mar.    30. 
I'ndor.Kroiind    Conduit   Construction.*      D.    A.   Harrington.      (100)      Apr. 
Coniimrcial    Testing   of    Sheet    Iron    for    Hysteresis    Loss.*      L.    T.    Robinson.       (42) 

Apr. 
The    Effect    of    Temperature    Upon    the    Hysteresis    Loss    in    Sheet    Steel.*      Malcolm 

Mai'Laren.      (42)      Apr. 
Electricity    in    the    Lumber    Industry.      Edward    .1.    Barry.      (42)      Apr. 
New    .\utoniatic    Telephone   Equipment.*      Charles    S.    Winston.      (42)      Apr. 
.\    Power    Diagram    Indicator    for    High-Tension    Circuits.*      Harris    J.    Ryan.      (42) 

.Apr. 
Cisnidal    Oscillations.*      George   A.    Campbell.      (42)      Apr. 
New   Metallic   Filament   Lamps.*      G.    S.    Merrill.      (3)      Apr. 
The   Semi-Automatic   Method   of   Handling  Telephone   TraflBc*      Edward   E.   Clement 

(42)      Apr. 
Transmission    Systems    From    the    Operating    Standpoint.      R.     .1.     C.    Wood.      (42) 

Apr. 
Ck)ntiiHiity     of    Service     in    Transmission     Systems.*      Magnus    T.     Crawford.      (42) 

Apr. 
Steel    Mill    Lighting.*      Roscoe   Scott.      (20)      Apr.    6. 

Marine. 

The  New   Cunard   Liner   Franconia.*      (11)      Feb.    24. 

The    Olympic    and    Titanic*      (12)      Mar.    3. 

Reinforced    Concrete    Barges.*      James   Taylor.      (96)      Mar.    9. 

Superheated    Steam    in    Marine    Engines.      A.    F.    White.      (Paper    read    before    the 

North-east  Coast  Inst,  of  Engrs.   and  Shipbuilders.)       (47)      Mar.   10. 
Dock    Pumping  Plant  for   Sasebo   Dockyard.   Japan.*      (11)      Mar.    10. 
The   Decision   of  the   Boston   Dry-Dock   Case.      (14)      Mar.    11. 
French   Battleship.*      (12)      Mar.    17. 

The  Submersible  Kobben  for  the  Norwegian   Navy.*      (46)      Mar.   25. 
The    "Tunnel    Propeller"    River    Steamer.       Charles    E.    Ward.       (From    Waterways 

Journal.)      (62)      Apr.   ?,. 
.Applications  des  Moteurs  Marins  h  Petrole.*     J.   Perard.      (32)      Dec. 

Mechanical. 

The   Gas  Engineer  and  the   Gas  Industry.      R.   S.   Feurtado.      (Paper   read  before  the 

Civ.    Engrs.    Soc.    of    St.    Paul.)       (1)      Feb. 
Some    Steam   Turbine   Considerations    and   Recent    EflElciencies.*      Edwin    D.    Dreyfus. 

(98)      Feb. 
The  Mid'and   Railway   Co.'s  Power  Station,   Derby.*      (26)    Feb.   24;    (73)    Feb.    24; 

(12)    Feb.    24;    (11)    Feb.   24;    (21)    Mar. 
A  Largo  Gas  Power  Plant  at  Hong-Kong.*      (12)      Feb.   24. 
Grille   Boilers   in   French   Power  Plants.*      Frank   C.   Perkins.      (94)      Mar. 
Recent     Mechanical     Improvements     in     the     Manufacture     of     Illuminating     Gas.* 

Jacques    Boycr.      (9)      Mai-. 
Modern   Plant  of  the  Atlantic   and   Gulf   Portland   Cement   Company.*      (67)      Mar. 
The   Manufacture  of   Standard   and   Alkali-Resisting   Portland   Cement    in    Colorado.* 

(105)      Mar. 
A    New    Machine   for   the   Separation   of   Liquids   and    Solids   by   Centrifugal   Force.* 

(105)      Mar. 
Modern    Counting    Mechanism.*      (47)      Mar.    3. 
Large  Two-Cycle  Gas  Engines.*     Alan  E.  L.   Chorlton.      (Abstract  from  paper  read 

before  the  Manchester  Assoc,   of  Engrs.)      (12)    Mar.   3;      (11)    Mar.   10;      (47) 

Serial  beginning  Mar.   3. 
Remarks  on  Superheater  Tests  with  a  Tarrow  Boiler.*      Jens  Rude.      (11)      Mar.  3. 
Two-Stage    Horizontal    Air-Compressor    for    the    Rand;    Details    of    Valves.*      (11) 

Mar.    3. 
The   Burkheiser  Sulphate  of  .Ammonia  Process.*     O.   Dobbelstein.     (From   Gliickauf.) 

(57)      Mar.   3. 
Gun    Tube    Hardening    and    Shrinking    Shop    at    the    Coventry    Ordnance    Works, 

Limited.*      (22)      Mar.    3. 
Oil   for   Transformers   and  Switches.*     Geo.   W.   Humphry.      (Paper   read  before  the 

South  Wales  Branch   Assoc,  of  Min.   Elec.   Engrs.)       (22)      Mar.   3. 
A  Chemical  Study  of  a  50-Horse  Power  Suction  Producer.     B.  M.  Ferguson.      (24) 

Mar.    6. 
Steel   Cutting  with   the  Oxy- Acetylene  Torch.*      (20)      Mar.   9. 
The   Fine   New  Merchant  Mills  at  Gary.*      (20)      Mar.   9. 

Air-Resistance   to    Plane   Surfaces.      A.   W.    Jones,    M.    Inst.    N.   A.       (11)       Mar.    10. 
LriCjUftting     Brass,     Bron'e.     nnd     Other     Metal     Chips    Without     Binding     Material. 

(From  The  Brass  World.)      (47)      Mar.  10. 


•Illustrated. 
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Mechanical— (Continued). 

Cablo  Clamp   l(ir  Tramway.*      Claude  T.   Rice.      (16)      Mar.   11. 

Handling  Mail  at  the  Chicago  and  Northwestern  Terminal.      (14)      Mar.   11. 

The   Relations  of  Heating   Value  to   Candle   Power   in   Commercial   Water   and   Coal 

Gas.*      J.    W.    Dunbar.      (Paper    read    before    the    Indiana    Gas    Assoc.)       (24) 

Mar.    13. 
Maximum    Sections    Obtained    From    Small    Steel    Billets.*      A.    W.    Heinle.       (62) 

Mar.    13. 
New  Power  Plant  of  Amoskeag  Mills.*     Warren  O.  Rogers.      (64)      Mar.  14. 
Automatic  Shaking  Grates.*     A.  R.   Manjer.      (64)      Mar.   14. 
Providence    Vertical    Retort   Plant.*      Carroll    Miller.       (Paper    read   before   the    New 

Englaiui   Assoc,  of  Gas  Engrs.)      (83)      Mar.   15. 
A     Portable    Testing    Machine    for    Making    Field     Tests    of    Cement    Drain    Tile.* 

.\rtliur    N.    Talbot    and    Duff    A.    Abrams.       (Paper    read    before    the    Interstate 

Cement   Tile  Manufacturers'   Assoc.)       (86)      Mar.    15. 
Some   New    Excavating   Machiius.*       (13)      Mar.    IG. 

.\n   Emergency  Rope  Drive  in   a   Hydroelectric  Plant.*      H.   R.   Lee.      (13)      Mar.    IG. 
The  Cambria  Boiler  Shop  and  Dipping  Tank.*      (20)      Mar.   16. 
The   Smith    Metal    Perforating   Process.*      (20)      Mar.    16. 
Gas   Producer-Gas  Engine  Plants.*      (Details  of  Installation  and  Maintenance  Cost.) 

William  O.    Webber.       (20)      Mar.    16. 
Jigs   and   Jig   Making.*      Walter  Heap,    A.    M.    Inst.    M.    B.      (47)      Serial    beginning 

Mar.   17. 
Coke   Oven   Gases   and   Their  Utilization.      Geo.    Blake   Walker.       (Paper   read   before 

the    Midland    Counties    Inst,    of    Engrs.,    and    the    Midland    Branch    of    the    Nat. 

Assoc,    of    Colliery    Mgrs.)        (22)       Serial    beginning    Mar.    17;     (57)       Serial 

btpinning  Mar.  17. 
Rolling  Mills  and  Blowing  Engines.*      Henry  Pilling,  M.   I.   Mech.   E.      (Abstract  of 

papir    read    before    the    Manchester    Assoc,    of    Engrs.)       (12)       Mar.    17;     (47) 

Mar.   17  ;      (22)    Serial  beginning  Mar.   24. 
The    Stability    and    Resistance    of    Aircraft.*       Mervyn    O'Gorman.       (Abstract    from 

paper   read   before  the   Inc.    Inst,   of   Automobile  Engrs.)       (12)      Mar.   17. 
The  Bettendorf  Industry.*      (18)     Serial  beginning  Mar.  18;     (15)   Mar.  17;      (25) 

Apr. 
\    Gasoline    Tractor    of    100    Horse-power    Capacity.*       Frank    C.     Perkins.       (19) 

Mar.    18. 
Utilizing    the    "Electric    Kiln"'    for    Earthenware    Manufacture.       James    Y.    Harper. 

(62)      Mar.  20. 
The  Cambria  Steel  Company's  New  Wire  Plant.*      (20)      Mar.   23. 
The    Manufacture    of    Portland    Cement.      A.    C.    Davis,    Assoc.    Inst.    C.    B.       (29) 

Mar.  24. 
Economizing   Fuel    and   Utilizing  Waste   Heat   in   Malleable   Iron   and    Steel   Works.* 

Thomas    B.    Mackenzie.       (Paper    read    before    the    Inst,    of    Engrs.    and    Ship- 
builders in   Scotland.)       (47)      Serial   beginning  Mar.   24. 
An   English   Water  Dynamometer  for  Absorbing  1  000   Brake  Horse-power.*      Frank 

C.    Perkins.       (19)      Mar.    25. 
Methods  of  Governing  Steam  Engines.*      John  Davidson.      (64)      Mar.   28. 
The    Bye-Product    Coking    Process    and     Its    Future    Development.       Ernest    Bury. 

(Paper   read   hefore  the   Cleveland   Inst,   of   Engrs.)       (66)      Mar.   28. 
The   Anmaling   Process   as   Applied   to   the   Manufacture  of   Malleable   Iron.*      W.    P. 

Putnam.      (Paper   read   before   the   Detroit   Foundrymen's   Assoc.)       (105)      Apr. 
Mechanical    Plant  of   the   New   Public   Library,    Brookline,    Mass.*      Charles    L.    Hub- 
bard.     (70)      Apr.  « 
Mftal  Sawing  Machines.*      Thomas  R.   Shaw.      (10)      Apr. 
Heat   Insulation  of  Furnace  Walls.*      Carl  Hering.      (105)      Apr. 
\    Novel    Development    in    Laboratory    Burners   and    Furnaces.*      Chester    G.    Fisher. 

(105)      Apr. 
The  Evolution  of  Portland  Cement  Processes.*      Charles  F.   McKenna.      (Paper  read 

before  the  Am.   Inst,   of  Chemical   En.grs. )       (105)      Apr. 
Features  of  a   Modern   Steel   Foundry.*      (20)      .'\pr.   6. 
The   Enlarged   Bettendorf  Steel   Car  Plant.*      (20)      Apr.    6;    (25)      Apr. 
Chamber   Oven    Process   of   Coal    Gas    Manufacture.      Jos.    C.    Markley.       (Paper    read 

before  the  III.   Gas  Assoc.)       (83)      Apr.    1. 
The   New   Coal    Gas   Works   at   Providence,    R.    I.*      J.    W.    Ellis   and    Carroll    Miller. 

(Paper   read   before  the   New   England   Assoc,    of  Gas   Engrs.)       (24)      Apr.    3. 
Strength  of  Oxyacetylene  Welds  in  Steel.     Herbert  L.  Whittemore.      (From  Bulletin, 

Eng.  Exp    Sta.,  Univ.  of  111.)      (62)      Apr.   3. 
Power  Plant  of  C.   &  N.  W.   Ry.  Terminal*      Osborn   Monnett.      (64)      Apr.   4. 
An    Electrically    Operated    Grain    Elevator    and    Wharf    Conveyor    System    at    East 

Boston,  Mass.*      (13)      Apr.  6. 
A    1  000-hp.    Multi    Stage    de    Laval    Turbine    with    Speed    Reducing    Gear.*       (13) 

Apr.   6. 
Steam  Turbine  Generating  Station   at  Stillwater,   Minn.*      (27)      Apr.   6. 
Typical  Locomobile  Electric  Plants.*      (27)      Apr.   6. 

•Illustrated. 
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Mechanical— (Continued). 

("ompto    Utiidu    (lu    lie   Congrgs    International    du    Frold   tenu   a   Vienne,    en    octobre 

1910.      Eniile   liarbot.      (32)      Jan. 
Les   Coup.'!   d'Eau   dans    le.s    Machines   il   Vapeur   k   Piston   et   les    Accidents   dus    aux 

Condenseurs.*      E.  Lefer.      (37)      Feb.   28. 
Queltiues  Appareils  de  Mesures   Employes   au  Laboratoire  d'Essais  du  Conservatoire 

National   des  Arts  et  Metiers.*      A.    Boycr-Giullon.      (93)      Mar. 
I/Etlairase    par    Incandescence   au    Gaz    Surpress6,    Installation    du    Boulevard    Ras- 

pail.   il  Paris.*      A.   Grebel.      (33)      Mar.   18. 
Motiur    Kotatif  k  D§veloppante  de   Cercle,   Syst^me  L.   Crcux.*      Leon   Creux.       (33) 

Mar.    IS. 
La    Manutcntion   des   Mati^res    Premit'res   aux    Hants   Fourneaux   de   Fumel    (Lot-et- 

Garoiine).*      Julicn  Vandel.      (33)      Mar.   25. 
Dip   Diniensionierung  von    Turbiiienrohrleitungen.*      J.    Magg.       (97)      Serial    begin- 

ninK  Feb.   20. 
Ueber   den    Einfluss   der   Zentrifugalkraft   auf   die   Betriebseigenschaften   der   Radial- 

turbinen.*      H.   Kroner.      (97)      Feb.   20. 
Die    Entwicklung    der    Ueberdruck-Wasserturbine    In    Amcrika.      Fr.    Bock.       (97) 

Feb.   20. 
Eine  Neue  Amerikanische  Formmaschine.*      U.   Lohse.      (50)      Feb.   23. 
Ueber    Schiiden    an    Wasserrohrkesseln    von    Seeschiffen.      Rudolf    Zhernotta.       (53) 

Mar.   3. 
Verbessertes      Glockenventil      mit     Wasserverschluss.        Gustav      Neumann.         (50) 

Mar.   16. 
Die   Lokomobilen    auf   der   Weltausstellung    in    Brussel.*      Hermann    Franke.       (48) 

Mar.   18. 
Die     Wassergeschwindigkeit     in     Oberflachenkondensatoren.*        W.      Heym.        (97) 

Mar.   20. 
Gravitation  und  Warme.*   H.  C.  Marx.      (97)      Serial  beginning  Mar.   20. 
7  000  PS  Turbinen-Anlage  Borregard   (Norwegen).*     H.  J.  Klein.      (97)      Mar.  20. 
Die  Riesenwerke  der  Indiana  Steel  Co.  in  Gary.*      Fritz  W.  Lurmann.      (From  Iron 

Trade  Revietr.)      (50)      Mar.   23. 
Trichter    fiir    Wasserdichtigkeits-    und    Luftdurchlassigkeits-Versuche    von    Mbrteln.* 

H.   Seger  und  E.   Cramer.      (80)      Mar.   25. 
Die   Fostigkeit  geschlossener   Schubstangenkopfe.*      T.   Matsumura.      (48)      Mar.    25. 

Metallurgical. 

The  Electric  Furnace:  Its  Place  in  Siderurgy.*     P.  McNiven  Bennie.      (58)      Jan. 
Volume   Changes    in    Cast   Metal.      T.    Turner.      (Abstract   of   paper   read    before   the 

Staffordshire  Iron  and  Steel   Inst.)       (22)      Feb.   24. 
Proposed     Test     Specification     for     Iron     Ore     Briquettes.       Albert    E.    White.       (22) 

Feb.    24. 
A  New  Process  for  the  Refining  of  Pig  Iron.      J.   B.   Nau.      (105)      Mar. 
Lime  Reaction  in  Cyaniding.*     Theo.  P.  Holt.      (45)      Mar. 
.\  New  Form  of  Gauze  Electrode   for  the   Rapid   Electrolytic  Determination   of  Lead 

and  Copper.*      R.   C.    Benner.      (105)      Mar. 
Some    Prnctical    Experience    with    Corrosion    of    Metals.      John    T.    Corner.       (Paper 

r?ad  before  the  Inst,   of  Metals.)       (105)      Mar. 
Relation  of  Chemistry  to  Metallurgy.      Arthur  C.   Claudet.      (Abstract  from  Journal 

of  the  Soc.  of  Chemical  Industry.)       (103)      Mar.   4. 
A  Modern   Blast  Furnace  Equipment.      A.   R.   Manjer.      (64)      Mar.   7. 
Carbon   in   Iron   and   Its  Influence  on  the  Grading  of  Pig.      W.   J.   Foster.      (Abstract 

of  paper  read  before  the  West  of  Scotland  Iron  and  Steel  Inst.)      (96)     Mar.   9. 
Copper   Blast   Furnace   Tops.*      N.   H.    Emmons.      (16)      Mar.    18. 
Treatment  of  Silver  Ores  at  Guanacevi,   Mexico.      R.   C.   Kline.      (103)      Mar.   18. 
Data   for  Blast  Furnace  Piping.      Paul   T.    Lesher.      (20)      Mar.    23. 
The  Duplex   Process   at  the   Bethlehem   Steel   Company's   Plant.*       (20)      Mar.   30. 
The  Process  of  Zinc  Distillation.*      George  A.  Wettengel.      (105)      Apr. 
Rpverberatory  Copper  Smelting.*      E.   B.  Wilson.      (45)      Apr. 
The   Refining  of   Iron   and  Steel   in   Induction   Type   Furnaces.      C.    F.    Elwell.       (42) 

Apr. 
The  Use  of  Electricity  in  the  Metallurgy  of  Iron.*      (19)      Apr.  1. 
Progr^s   des   Metallurgies   autres  que  la  Siderurgie   et  Leur   Etat   Actuel   en   France. 

Leon  Guillet.      (32)      Dec. 
.A.ttaque    Colorante    des    Aciers.      Recherches    sur    I'Austenite    et    la    Martensite.      F. 

Robin  et  P.  Gartner.      (93)      Mar. 
Beitriige    zur    Entwicklung    der    Hochofenprofllc    im    Siegerland.*       A.    Knaff.       (50) 

Mar.  23. 

Military. 

The  Erosion  of  Gun  Tubes  and  Heat  Phenomena  in  the  Bore  of  a  Gun.     H.  J.  Jones. 
(12)      Serial  beginning  Mar.  24. 

•Illustrated. 
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Mining. 

lii'ciiit  Progress   in   Mining  Switch-Gear.      George  Stevenson.      (59)      Vol.    33,   Pt.   2. 
.-^ome    Con.-iiderations    Affecting    the    Installation    of    Power    at    Collieries.*       Frank 

Anslow.       (59)      Vol.   33,   Pt.   2. 
The  Glasgow   Earthquake  ot  December   14th,   1910,    in    Relation   to   Mining.*      J.    W. 

Grogor.v.       (59)      Vol.   33,   Pt.   3. 
The  Failure  of  the  Yuba  River  Debris  Barrier,  and  the  Efforts  Made   for   Its  Main- 
tenance*     H.   H.  Wadsworth,  M.  Am.  Soc.  C.  E.      (54)      Vol.   71. 
Electric  Winding.*      G.  Stjernberg.      (77)      Feb. 
Electric    Winding    Developments.*       Francis    Thursfleld.       (Abstract    of    paper    read 

before  the  Midland  Inst,  of  Min.,  Civil  and  Mech.   Engrs.)      (22)      Feb.  24. 
Methods  of   Removing  Coal   Pillars.*      F.   W.   Cunningham.      (Paper   read   before   the 

Coal  Min.  Inst,  of  Amer.)      (45)      Mar. 
Canadian  Iron  Ore  Industry.*      (45)      Mar. 
Transvaal    Drill    Competition,    1909.*       (45)      Mar. 
Electric   Winding   and   Haulage   Plant.*       (26)      Mar.    3. 
Slopes  in  Steam-Shovel  Mining.*      B.  E.   Barker.      (103)      Mar.  4. 
ISuildlng  a  Mine-Sluice.*     Dennis  H.  Stovall.      (103)      Mar.  4. 
-Methods   and   Progress  of  Drilling  at  the  Wabona   Iron   Mines;   Construction  of  the 

Submarine   Tunnel.*      H.   W.    Buker.      (Abstract   from   an   article    in   Mine   and 

Quarry.)      (86)    Mar.  8;    (45)   Apr. 
Iron  Mining  Beyond  the  Arctic  Circle.*     N.  V.  Hansell.      (20)     Mar.  9. 
-Vutomatic    Apparatus    for    Sampling    Pit    Air.*       (From    Bui.,    Soc.    de    I'lndustrie 

Min§rale. )      (57)      Mar.  10. 
Compressed  Air  and   Electricity  in   Mines.     James  R.   Benson.      (Paper   read   before 

the  Assoc,  of  Min.  Elec.  Engrs.)      (22)      Mar.  10. 
"Victoria"  High-Lift  Turbo  Pump.*     J.   R.   Jameson.      (Paper  read  before  the  Nat. 

Assoc,  of  Colliery  Mgrs.)      (22)      Mar.   10. 
Face   Conveyors   in    Thin   Seams.*      A.    E.    Booth.      (Paper   read   before   the    Midland 

Counties  Inst,  of  Engrs.)      (22)      Mar.   10;    (57)      Mar.  10. 
Amalgamation  in  Slow-Speed  Chilean  Mills.     E.  E.  Carter.      (103)      Mar.  11. 
Details  of  Colliery  Trestles.*      A.   T.   Shurick.      (16)      Mar.    11. 
New  Mill  at  Nevada  Wonder  Mine.*      P.   E.  Van  Sann.      (16)      Mar.  11. 
Gold  Placers  in  Arizona.     T.  Lane  Carter.      (16)      Mar.  18. 
Shaft  of  Detroit  Salt  Company.*      Albert  H.   Fay.      (16)      Mar.   18. 
The    Protection    of    Electrical    Installations    in    Mines    by    the    Winhey    Leakage    De- 
tector.*     Eustace   E.    Baker.      (57)      Mar.    24;    (22)      Mar.    17. 
The  Homestake   Mine,   South   Dakota.*      Clarence   C.   Semple.      (16)      Mar.    25. 
Handling  Copper  Smelting  Gases.*      Claude  T.   Rice.      (16)      Mar.  25. 
The  Corona  Giant  Blast.*     G.  B.  Street.      (103)      Mar.  25. 
Some    Principles    Governing    the    Blasting    of    Rock.*       R.     B.    Brinsmade.       (96) 

Mar.   30. 
.Mining  in  the  Tintic  District  of  Utah.*     Leroy  A.  Palmer.      (45)     Apr. 
Self-Dumping  Car  Hauls.*      (45)      Apr. 

The  Marianna  Coal  Mines.*     Hartley  M.  Phelps.      (45)      Apr. 
Gasoline  Locomotive  for  Mine  Use.*      (45)     Apr. 
The   Peck's  Shaft  Breaker.*      E.   B.   Wilson.      (45)      Apr. 
Milling  the  Homestake  Ore.*     Clarence  C.  Semple.      (16)      Apr.  1. 
Core  Drills  in  the  Joplin  District.*      Frank  W.  Sansom.      (16)      Apr.   1. 
A   Rotatable  Zinc  Smelting  Furnace.*      G.   A.   Wettengel.      (16)      Apr.    1. 
The  Chicksau  Mines,   Korea.*      Thomas  T.   Read.      (103)      Apr.   1. 
Xote    sur    une    R6cente    Entreprise    de    Dragages    Auriferes    en    Guyane    Frangaise.* 

L6on  Delvaux.     (32)      Jan. 

Miscellaneous. 

The   Costa   Rica   Volcanos   and   the   Earthquakes  of  April   13   and   May   4,    1910.      T. 

A.  Jaggar.      (1)      Feb. 
Entropy.*      G.   A.   Goodenough.    (4)      Mar. 
Pyrometry.      J.   A.   Harker.      (66)      Mar.    14. 
Report  on  St.   Louis  Rates  and  Valuation.      (27)      Mar.   16. 
Government  Peat  Bog  at  Alfred,  Ontario.*      (96)      Mar.  23. 
The  Contractor's  Camp   at  the  Ashokan   Reservoir.*      (14)      Mar.   25. 
Fuel  Oil  V.  Coal.     S.  E.  Lawrence.     (100)      Apr. 
K  Traction-Engine  Excavator.*      (13)      Apr.   6. 
Quelques    Remarques    sur    la    Constitution    Int6rieure    du    Globe    Terrestre.*       Jean 

Rev.      (32)      Jan. 

Municipal. 

Road  Work  in  Pennsylvania  and  Some  of  Its  Problems.     Joseph  W.  Hunter.      (98) 

Feb. 
Cement   Concrete   Street  Paving  in  Mason   City,   Iowa.      F.    P.   Wilson.      (Paper  read 

before  the  Iowa  Engrs."  Soc.)      (60)      Mar.;      (13)      Mar.  9. 
Simplificatinn    nf    Traffic    Records    for    Purposes    of    Comparison.       W.    W.    Crosby. 

(60)      Mar.  ;    (104)      Mar.   10. 
The  Economical  Maintenance  of  Dirt  Roads.     Walter  B.  Thomson.      (98)      Mar. 

♦Illustrated. 
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Municipal  — (Continued  K 

Thr  (lood    Uoads  Train.      John    Price   Jackson.      (98)      Mar. 

Soini'   IliKtiway   Enginooring  Problems.      L.   E.    Boykin.      (98)      Mar. 

Moilcni   i'avotnent  Construction.*      (96)      Mar.   2. 

The  "Rocniac"  Method  of  Road  Construction.*      (96)      Mar.   2. 

Dustloss  Roads  of  California.  Austin  B.  Fletcher,  M.  Am.  Soc.  C.  E.  (Paper  read 
before  the  A.   A.   A.   Convention.)       (96)      Mar.   2. 

Ten  Years'  Experience  of  Tar-Grouted  Granite  Macadam  in  a  Lancashire  Urban 
IMstrict.      George  H.    Ashworth   and   Vincent  W.   Laithwaite.      (104)      Mar.    3. 

NottinKhani  and  Its  Gas  Distribution.*  J.  H.  Brown.  (Paper  read  before  the  Mid- 
land  Assoc,  of  Gas  Engrs.   and  Mgrs.)      (66)      Mar.   7. 

Methods  of  Construction  and  Experience  of  California  Cities  with  Oil  Macadam. 
(Abstract   from   I'licific  Minuripaliticx.)       (86)      Mar.   8. 

(."oncrete    I'avcineiits   in   Chattanooga.      Howard    Eglcston.       (14)      Mar.    11. 

Treatment  of  Hard  Pavement  to  Prevent  Slipporiness.*      (14)      Mar.   11. 

Gravel  Road   Building  in  Micliigan.*      Frank  F.   Rogers.      (86)      Mar.   1.5. 

Methods  and  Costs  of  Constructing  an  Asphalt  Street  with  Concrete  Walks,  Curb 
and  Lamp   Posts.*      (86)      Mar.   15. 

Present  Use  of  Bituminous  Materials  in  American  Roadwork.  Arthur  H.  Blanchard. 
(Paper  read  before  the  Amer.  Assoc,  for  the  Advancement  of  Sci.)  (14) 
Mar.  18. 

Some  Instructions  from  Actual  Practice  for  Making  Surveys  and  Plans  and  Superin- 
tending Construction  of  Highway  Improvements.      (86)      Mar.   22. 

Construction  and  Care  of  Earth  Roads.*  Geo.  W.  Cooley.  (Paper  read  before 
Omaha    Land    Show.)       (96)      Mar.    23. 

The  Grading  of  Materials  in  the  Aggregate.  H.  P.  Bowes.  (Paper  read  before  the 
Canadian    Cement   Assoc.)       (96)      Mar.   23. 

.\'ew  York's  Automobile  Fire  Service.*      Herbert  T.  Wade.      (46)      Mar.   25. 

Cement  Sidewalk  Paving.*     Albert  Moyer,  M.  Am.  Soc.   C.  E.      (19)      Mar.  25. 

Average  Unit  Prices  of  Pavements  Constructed  in  1910  in  a  Number  of  Representa- 
tive American  Cities.      (86)      Apr.   5. 

Cracking  of  Cement-Grouted  Brick  Pavements :  Causes  and  Remedies.  Earle  R. 
Whitmore.  (Paper  read  before  the  Mich.  Eng.  Soc.)  (13)  Apr.  6;  (96) 
Mar.  23. 

Emploi  du  Goudron  dans  le  Corps  de  la  Chaussee  Essais  Faits  a  Aix-les-Bains  de 
1906  a  1910.     Luya.      (43)      Jan. 

Studie  liber  Feldwege.     M.  Graevell.      (81)      Pt.  2. 

Railroads. 

Hrmcdies   for  Landslides  and  Slips  on  the  Kanawha  and  Michigan   Railway.*      R.  P. 

Black.   Assoc.   M.   Am.   Soc.   C.   B.      (54)      Vol.   71. 
The    Reconstruction    of    the    Passenger    Terminals    at    Washington,    D.    C*       W.    F. 

Strouse,   M.   Am.   Soc.   C.   E.      (54)      Vol.    71. 
The  Wireless  as  an  Adjunct  in  the  Operation  of  a  Railroad.      Frederick  H.  Millener. 

(65)      Feb.    17. 
Gas  Lighting  for  Railway  Carriages.      (66)      Feb.   28. 
Methods  and  Cost  of  Renewing  Rail.     D.   A.  Wallace.      (87)      Mar. 
Automatic  Alarm  Bell  for  Railway  Level  Crossings.*      (21)      Mar. 
.Articulated   and    Duplex   Locomotives.*       (21)      Mar. 
The   Prevention   of   the  Over-Running  of  Signals.      A.   Blum.      (From   Zeit.   d.   Ver. 

doutsch.    Eisenbahnverwaltung. )       (88)       Mar. 
The  Permanrnt  Way  of  the  Shanghai-Nanking  Railway.*      (21)      Mar. 
Permanent  Way  of  Mexican  Railways.*      (21)      Mar. 
The  "Phoenix"   Superheater.*      (21)      Mar. 

AUov   Steels  for   Railroad   Use.      Henry   Southers.      (25)      Mar. 
A  New  Switching  Locomotive   in  Industrial  Plants.      (67)      Mar. 
Considerations  on   the   Form   to   be   Given   to    the    Brasses   of  Locomotive   Axle-Boxes 

and   Connecting   Rods.*      A.    Berger  and   A.   Laviolette.      (88)      Mar. 
2-6-0-2    Tvpe    Locomotives    with    Articulated    Boiler,    Atchison,    Topeka   &    Santa    Fe 

Railway.*      (25)      Mar.;    (18)      Mar.   11. 
Report  of  Test  of  Jacobs-Shupert  Fire-Box,   Atchison,  Topeka  &  Santa  Fe  Railway.* 

(From  Ri/.  Master  Mechanic.)      (88)      Mar. 
Locomotive   R<^pair  Shops   at   Brew.ster,   Ohio.*      (25)      Mar. 
Powerful    Locomotives   of   the   2-6-6-2    Type,    Chicago,    Milwaukee    &    St.    Paul    Ry.* 

(25)      Mar. 
The  Permanent  Wav  of  the  Java  Railways.*      (21)      Serial  beginning  Mar. 
A  New  Mountain    Railway  in   Baden.      Kuntzemiiller.      (From  Zeit.   d.   Ver.   deutsch. 

Eisenbahnverwaltung.)       (88)      Mar.  .,    „      .      r,      t,   .,       .,  .       /..^ 

Converted    Mallet    Locomotive;    Atchi.son,    Topeka    and    Santa    Fe    Railroad.*       (11) 

Mar    3 
Single-Phase    Railways    Abroad.       (From    Elek.    Krafthctriehc    und    Bahncn.)       (17) 

Mar     4 
Test  of  'Tunnel  Ventilating  System.*      Arthur  Ritter.      (101)      Mar.   4. 
A   New   Atlantic   Type   Locomotive   Built  by   the   Pennsylvania   R.    R.*      (18)      Mar. 

4;    (17)     Mar.  4. 

•Illustrated. 
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Railroads     (Continued). 

Iiuliannpolis,    Xew    Castle    &    Toledo    Electric    Railway.*       Paul    II.    White.       (17 J 

Mar.  4. 
Kail  Corrugations.*     K.  Sieber.      (17)      Mar.  4. 

Incandescent  Gas  v.  Electric  Lighting  for  Railway  Carriages.      (66)      Mar.  7. 
The  Ventilation  of  Railway  Car.s.      \V.  A.  Evans.      (13)      Mar.  9. 
Signalling.      Francis  C.    Boyd.      (Paper  read  before  the  Soc.   of   Engrs.)       (96)    Mar. 

9;    (47)      Feb.  24;   (18)      Mar.   11. 
Passenger  Locomotive  for  the   New   South   Wales   Railways.*      (11)      Mar.   10. 
.V   Remarkable  Locomotive.*      (12)      Mar.   10. 
Signal    Aspects.      L.    R.    Clausen.       (Paper    read    before    the    Canadian    Ry.    Club.) 

(15)      Mar.   10. 
Performance  of  Pacific  Type  Locomotive;  Pennsylvania  Lines.*      (15)      Mar.  10. 
ElTeet  of  Cndulating  Grades  on  Train  Velocity.*     F.  S.  Foote,  Jr.      (15)      Mar.  10. 
Steel   Frame  Box  Cars;   Canadian   Pacific*      (15)      Mar.   10. 
Track    Scale   with    Mechanical    Hump    and    Relieving   Gear.*       (14)       Mar.    11;    (13) 

Mar.  23;  (15)  Mar.  17;  (18)  Mar.  11;  (25)  Apr. 
A  Large  Blast  on  the  Lackawanna  Cut-Off.*  (14)  Mar.  11. 
Shop    Improvements   of   the   Chesapeake  &  Ohio   Ry.    at   Huntington,   W.    Va.*      (18) 

Mar.   11. 
Recent   Mallet   Articulated   Locomotives   for   the   Atchison,    Topeka   &   Santa   Fe   Ry.* 

(18)      Mar.   11. 
The  Galveston-Houston  Interurban   Railway.*      (17)      Mar.   11. 
Notes  on  the  Lackawanna  and  Wyoming  Valley  Railroad.*      (17)      Mar.  11. 
Heavy  Locomotives  for  Natal  Government   Railways.*      (15)      Mar.   17. 
Northumberland    Freight    Classification     Yard  ;    Pennsylvania    Railroad.*       William 

Forsyth.      (15)      Serial  beginning  Mar.  17. 
Mallet  Articulated  Locomotive;   Chicago  Great  Western.*      (15)      Mar.  17. 
Construction  of  the  Oregon  Trunk  Ry.*      (18)      Mar.   18. 
Construction  of  the  Franklin  and  Clearfield  Line.*      (18)      Mar.  18. 
The  Railroad  Terminals  of  Chicago.*      (86)      Mar.  22. 
Manganese-Steel  Frogs  and   Switch   Points.*      (86)      Mar.   22. 

.A.  New  Frog  Device  Giving  a  Continuous  Rail  for  Both  Tracks.*      (13)      Mar.  23. 
A  Manganese-Steel  Frog  Made  of  Rolled  Rail.*      (13)      Mar.  23. 
The  Development  and  the  Present  Position  of  the  High-Pressure  Continuous-Current 

Railway  System.*      H.  K.  Whitehorn.      (73)      Mar.   24. 
Some  Experiments  with  Freight  Car  Trucks.*      (18)      Mar.  25;    (IS)      Mar.  24. 
Clearance  Car,  Pennsylvania  R.  R.*      (18)      Mar.  25. 

Wheel   Turning.*      H.   S.   Williams.      (17)       (Abstract  of  paper   read  before  the  Cen- 
tral  Elec.    Ry.   Assoc.)       (17)      Mar.   25. 
The  Use  of  Sand  on  Interurban  Cars.      Walter  H.    Evans.      (Abstract  of  paper  read 

before  the  Central  Elec.  Ry.  Assoc.)      (17)      Mar.  25. 
Economical     Limits    for    Flange    Wear    on    Steel-Tired    and    Rolled-Steel    Wheels.* 

John  Sibbald.      (17)      Mar.  25. 
Lighting   the    Double-Hump    Yard   of   the   Missouri    Pacific    Ry.    at   Dupo,    111.       (13) 

Mar.  30;     (18)   Apr.  1. 
A  Great  Australian  Railway  Cut-Off.      (13)      Mar.   30. 
A  New  Design  of  Steel  Tie  for  Electric  Railways.*      (13)      Mar.   30. 
Tests  of  Pacific  Type  Superheater  Locomotive.*      (15)      Mar.   31. 
Pennsylvania  Clearance  Car.*      (15)      Mar.   31. 
Railways  in  India.     Arthur  R.  S.  Roy.      (15)      Mar.  31. 
Heavy  Combined  Pacific  Type  Locomotives;  New  York  Central  Lines.*      (15)      Mar. 

31  ;  (25)      Apr. 
Electrification    Analyzed,    and    Its    Practical    Application    to    Trunk    Line    Roads,    In- 
clusive of  Freight  and  Passenger  Operation.*      William  S.  Murray.      (42)      Apr. 
Some  Recent  Developments  in  Railway  Telephony.*      Gregory  Brown.      (42)      Apr. 
A  Practical  Storage  Battery  Car.*      (25)      Apr. 
Hfating  Test  of  Driving  Tires.*      (25)      Apr. 
Road   Test  of  2-6-6-2   Type   Locomotive,   Chicago,    Milwaukee   &   St.    Paul    Railway.* 

(25)      Apr. 
Powerful  Freight  and  Passenger  Locomotives.*      (25)      Apr. 
The  Hanna  Locomotive  Stoker.*      (25)      Apr. 

Pennsylvania  Atlantic  Type  Locomotive,   Class  E-6.*      (25)      Apr. 
Harriman   Line  Terminals   in   Seattle.*      (18)      Apr.    1. 

The  Crawford  Mechanical  I'nderfeed   Stoker,   Pennsylvania  R.   R.*      (18)      Apr.   1. 
New  South  Bend  Shops  of  Murdock  Lines.*      (17)      Apr.  1. 
Extension  of  the  London,  Brighton  &  South  Coast  Railway.      (17)      Apr.   1. 
Two  Recent  European  Compound  Locomotives.*      (46)      Apr.  1. 
Maintenance  Shops  of  the  Syracuse  and  Oneida  Railways.*      (17)     Apr.  1. 
Methods  and  Some  Costs  of  the  Construction   of  the  St.   Paul  Pass  Tunnel.*      K.   C. 

Weedin.  M.  Am.  Soc.   C.  E.      (86)      Apr.  5. 
Portable    Storage    Batteries    a.3    Applied    to    Automatic    Signals    on    the    Harriman 

Lines.     A.  H.  McKeen.      (Abstract  of  paper  read  before  the  Ry.  Signal  Assoc.) 

(13)      Apr.    6. 

♦Illustrated. 
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Railroads— ( Continued) . 

Throp-Phase   Locomotives  for  the  Slovi    lAuo.    Italy.*      (17)      Apr.    8. 

Locomotive    Moiiophasj^e    des    Ateliers    Ocrlikon    pour    le    Chemin    de    Fer    des    Alpes 

rternoi.'ies.*      Georges    Ziiulel.      (33)      Feb.    18. 
I. a  Traction  Electrique  ei>   Allcmagne  et  en  Suisse.*      Ch.   Dantin.      (33)      Feb.   25. 
l/ocomotives    Compound    Articulc^ea    Syst^me    Mallet.*      (34)      Mar. 
.Vote  sur  les  Essais  de  Traction  Electrique,   par  Locomotives  Equip^es  avec  Moteurs 

a    Courant   Monophase.*      M.    Jullian.      (38)      Mar. 
Le   Statut   des   Agents   de  Chemin   de   Fer  et   le   Rgglement   Paciflque   des   DiffSrends 

Collectifs.      (From    Reiuic    Politique    et    Parlemcntaire.)      (38)      Mar. 
Die   Betriebsmittel   der  Hedjazbahn.*     P.   Levy.      (102)      Serial   beginning   Mar.   1. 
Pie     Stellung     des     Merkzeichens     zwischen     zusammenlaufenden    Gleisen.*       Bloss. 

(102)      Mar.   1. 
Starke     Mallet-Vcrbundlokomotiven,     gcbaut     von     der     American     Locomotive     Co.* 

Dierfeld.      (48)      Mar.    4. 

Railroads,  Street. 

A   Shuttle  System   for  Chicago  Subways.*      A.   S.   Robinson.      (4)      Mar. 

Elevated  Railway   of  Boston.*      (21)      Mar. 

Renewals    as    Defined    by    the    Board    of    Supervising    Engineers,    Chicago    Traction. 

(17)      Mar.  4. 
A  Cable  Counterweight  System  for  a  Steep  Grade  on  an  Electric  Railway  at  Seattle, 

Wash.*      (13)      Mar.    9. 
Xew  Fare  Recorder   System  Used   in   Chicago.*      (17)      Mar.   11. 
Automatic   Block   Signal  Arrangement   for   Stub-end   Sidings.*      (17)      Mar.    11. 
The  Use  of  TRail  in   Streets.     Fred  G.   Simmons.      (Abstract  of  paper  read  before 

the   Eng.   Soc.   of  Wis.)       (17)      Mar.   18. 
Track  Construction   in  Oklahoma  City.*      W.  A.   Haller.      (17)      Mar.   18. 
The    Prevention    of    Street-Car    Overcrowding    in    Several    European    Cities.      (13) 

Mar.    30. 
New   Pay-Within    Cars    at   Boston.      (17)      Apr.    1. 
New  Shops  of  the  Chicago  Railways  Company.*      (17)      Apr.   1. 
Methods   of   Construction    and    Sinking  the    Steel    Tubes    for   the   Traction    Tunnel    at 

La   Salle   St.,    Chicago.*      (86)      Apr.    5. 
N'ew  Pay-As-You-Enter   Cars   for   Baltimore.*      (17)      Apr.    8. 
N'ote  sur  la  Traversee  Sous-Fluviale  de  la  Seine  par  la  Ligne  MStropolitaine  No.   8 

de    I'Esplanade    des    Invalides    ft    la    Place    de    la    Concorde.*      Suquet.      (43) 

Jan. 
TournSe  de  rAssoclation   des   Ingenieurs  des   Fonts  et   Chaussees   et   des  Mines   sur 

les  Chantiers  de  la  Ligne  Metropolitaine   No.   8.*      Suquet,   Vasseur  et  Thomas. 

(43)      Jan. 
Le    M^tropolitain    de    Paris    Ligne    No.    S,    d'Autcuil    ft    I'Opera    par    Crenelle.*      L. 

Biette.      (33)      Mar.    11. 
Die    Enquete.    betreffend    die    Elektrisicrung    der    Wiener    Stadtbahn.      Fritz    Steiner. 

(53)      Feb.    24. 

Sanitation 

The  Garbage   Crematory   at   Houston,    Texas.*      David    M.    Duller.      (Paper   read    be- 
fore  the  Convention   of  Health    Officers  of  Texas.)       (60)    Mar.  ;    (96)    Mar.   30. 
Modern   Sewage   Disposal.      F.   W.   Kerns.      (60)      Mar. 
The  Evolution   of  Corrugated   :Metal   Culverts.*      (96)      Mar.   2. 
Ventilation  :     Its     Object,     an'l     Application     to     Buildings,     Drains,     and     Sewers.* 

Arthur  G.   Andrews.      (104)      Mar.    3. 
"^^tandards    of   Ventilation.      W.    A.    Evans.      (Paper    read    before    the    Amer.    Soc.    of 

Heating   and    Ventilating   Engrs.)       (101)      Mar.    4. 
i'.i'lfast    Sewage     Disposal  :     Roval     Commission's      Report      and      Recommendations. 

(104)    Mar.    10. 
Standard  Tests   of  Drain   Tile  and   Sewer   Pipe.*      A.   Marston.      (Paper   read   before 

the    Iowa    Eng.    Soc.)       (86)      Mar.    15. 
A    Method    for   Determining   the   Parts    Per   Million    of    Di'isolved    Oxygen    Consumed 

bv    Sewage    and    Sewage    Effluents :    Columbus    Sewage    Works.     C.    B.    Hoover. 

(13)      Mar.    16. 
The  Main   Drainage  Works   at  Toronto.*      (14)      Mar.    18. 

Study  of   Small   Central   Heating   Project.*      Charles   L.    Hubbard.      (101)      Mar.    18. 
Pollution   of   Water    in    Public   Baths.      (96)      Mar.    23. 
Extent    and    Composition    of    the    Incrustation    on    Some    Filter    Sands.      E.    Bartow 

and  C.   E.   Millar.      (From  Journal  of  Industrial  and  Engineering   Chemistry.) 

(96)      Mar.    23.  ' 
The   Contractor's   Camps   at   the   Ashokan   Reservoir.*      (14)      Mar.    25. 
Furnace   Heating  a  Five-Story   Residence.*      (101)      Mar.   25. 
K;in    Drives    and    Pipe    Si.Tcs    in     Bla'-t    Heating.       H.    C.    Russell.       (101^       Serial 

beginning   Mar.    25. 
Reclamation   Drainage    in    South   Dakota.*      A.   B.    McDaniel.      (13)      Mar.    30. 


*  Illustrated. 
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Sanitation— (Continued). 

Proposed    Standard    Methods   of   Testing    Drain    Tile.*      C.    M.    Powell.      (Paper    read 

before    the    Inter-State    Tile    Manufacturers    Assoc.)       (96)      Mar.    30. 
Disintegration  of  Concrete  in  Sewage  Disposal  Tanks.      (96)      Mar.  30. 
Plumbing  and   Drainage   Work  ou  the  Approaches  Exterior  to  the  New  York  Public 

Library.*      (70)      Apr. 
Relation    of   Soil    and    Vent    Pipes    to    Frost    Closure.*     W.    B.    Gray.      (Paper    read 

before   tlio   Anu  r.   Soc.   of   inspectors   and    Plumbing.)       (101)      Apr.    1. 
Electrical   Sewage   Pumping   in   Great   Britain.*     James   A.   Seager,   Assoc.   M.    Inst. 

C.   E.      (80)      Apr.   5. 
Methods  and  Cost  of  Deep  Trenching  by  Machine  at  Glencoe,   111.*     Don  E.  Marsh. 

(86)      Apr.    5. 
L'Epuratiou     Bioiogique    des     Eaux     d'Egout     dans     la     Region     parisienne.*      (33) 

Mar.    4. 

Structurai. 

Two  Reinforced  Concrete  Coal  Pockets.*     Myron  S.  Falk,  M.  Am.  Soc.  C.  B.      (54) 

Vol.    71. 
Rust — As    Shown    in    the    Removal    of    a    Seventeen-Story    Building.       T.    Kennard 

Thomson,    M.    Am.    Soc.    C.   E.      (54)      Vol.    71. 
Timber  Pres-ervation,   Its  Development  and  Present  Scope.      Walter  Buehler,   M.  Am. 

Soc.    C.    E.      (54)      Vol.    71. 
Earthquake    Effects    on    Structures   at    Cartago,    Costa    Rica.*      Charles    W.    Spofford. 

(Paper   read   before  the   Boston   Soc.   Civ.   Engrs.)       (1)      Feb. 
Ligno-Concrete :    Its  Properties   and    Uses.*      Frank   J.   Gray.      (104)      Feb.    24. 
The    Application    of    Electrolytic    Methods    to    Materials    Used     in    the    Paint    and 

Varnish    Industry.       F.    Mollivo    Perkin.       (Abstract    of    paper    read    before    the 

Paint  and  Varnish   lust.)      (73)      Feb.   24. 
Alloy   Steels   for  Railroad   Use.      Henry   Southers.      (25)      Mar. 
Consequences    of    the    Use    of    Mortar    of    Wrong    Composition.*      M.     M.    Van    der 

Kloes.      (67)      Mar. 
Simplificatiou    of    Formula^    for    Ferro-Concrete    Beams    with    Single    Reinforcement.* 

W.   C.    Unwin.      (11)      Mar.   3. 
Cost   of    School    Building:    Report    of    Departmental    Committee.       (104)       Serial   be- 

begiuning   Mar.   3. 
Recent   Improvements    in   Holder  Construction.*      J.   Alex.    Mayers.      (24)      Mar.    6. 
.V   Novel   System  of  Concrete  Reinforcement.*      (13)      Mar.   9. 
Keinforced-Concrete    Street    Subways    in    Chicago,    U.    S.    A.*      Ernest    R.    Matthews, 

A.    M.    Inst.   C.   E.      (11)      Mar.    10 
Corrosion   of   Brass   and   Copper.      G.    D.   Bengough.      (Paper   read   before   the   Liver- 
pool   Eng.    Soc.)       (47)      Mar.    10. 
Unusual  Features  of  a  Concrete  Wharf   Shed.*      (14)      Mar.   11. 
Floor  Trusses  and  Wind  Bracing,   Bankers  Trust  Building.*      (14)      Mar.  11. 
The    Collapse    of    the    Large    Gasholder    at    Hamburg-Leybold.       (Abstract    of    Re- 
port.)      (66)      Serial    beginning   Mar.    14. 
The   Partial    Failure   of   a   Large   Concrete   Oil  Reservoir   at   San   Luis   Obispo,    Cal.* 
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By  D.  C.  Henny,  M.  Am.  Soc.  C.  E. 
To  BE  Presented  June  7th,   1911. 


The  object  of  this  paper  is  to  describe  in  some  detail  two  earth 

dams  built  by  the  United  States  Reclamation  Service,  and  to  compare 

the  different  methods  used  in  their  construction.     The  two  dams  are 

the    Cold    Springs    Dam,    in    Oregon,    and   the    Conconully    Dam,    in 

Washington. 

Cold  Springs  Dam. 

The    Cold    Springs   Dam    is   part    of   the   works    of    the    Umatilla 
Project,  which  comprises  a  tract  of  land  lying  south  of  the  Columbia 
River   and   east   of   the   Umatilla   River,    encompassing   the    Town    of 
Hermiston,  192  miles  due  east  of  the  City  of  Portland. 
The  principal  dimensions  of  the  dam  are: 

Greatest     height     above     bottom     of     creek 

channel    98.5  ft. 

Height  above  valley  bottom 87.5    " 

Width  of  valley  on  center  line  of  dam 400.0    " 

Length  of  crest  of  dam 3  800.0    " 

Top    width 20.0    " 

Length    of    spillway 330.0    " 

Note. — These  papers  are  issued  before  the  date  set  for  presentation  and  discus- 
sion. Correspondence  is  invited  from  those  who  cannot  be  present  at  the  meeting, 
and  may  be  sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or  written,  will 
be  published  in  a  subsequent  number  of  Proceedings,  and,  when  finally  closed,  the 
papers,   with  discussion  in  full,  will  be  published   in   Transactions. 
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Up-stream    slope 3:1 

Down-stream  slope 2:1 

Total  volume  of  dam 673  200  cu.  yd. 

Capacity  of  inlet  canal,  at  reservoir 300  sec-ft. 

Capacity  of  outlet  canal 225  sec-ft. 

Capacity  of  reservoir  above  outlet  gates 49  000  acre-ft. 

Area  of  reservoir  at  high-water  level 1  590  acres. 

Drainage  area  above  dam 210  sq.  miles. 

Source  of  Irrigation  Supply. — The  Columbia  River,  bordering  on 
the  irrigable  lands  to  the  north,  has  its  water  surface  from  140  to 
240  ft.  below  the  general  ground  surface.  Its  grade  is  very. flat,  and 
gravity  diversion  from  this  source,  therefore,  is  entirely  out  of  the 
question.  The  Umatilla  River  has  a  fairly  steep  grade,  averaging 
15  ft.  per  mile  in  its  lower  25-mile  course,  and  presents  the  only 
possibility  for  gravity  diversion. 

From  November  1st  to  July  1st  the  flow  usually  varies  from 
50  to  5  000  sec-ft.,  March  and  April  being  the  flood  months.  During 
the  summer  the  flow  is  less  than  50  sec-ft.,  and  is  fully  appropriated 
by  prior  irrigators. 

It  was  computed  that  with  the  water  which  might  be  directly 
diverted  for  irrigation  during  tlie  flood  season,  a  storage  supply  of 
49  000  acre-ft.  would  be  sufiicient  for  the  irrigation  of  the  25  000  acres 
of  irrigable  land  embraced  in  the  project,  considering  also  a  prior 
water  right  which  had  been  purchased. 

Reservoir  Site.—On  the  main  river,  above  the  point  of  desired 
diversion,  a  reservoir  site  could  not  be  found,  but  a  suitable  one  was 
located  in  the  small  adjoining  basin  of  Cold  Springs  Creek,  above  and 
close  to  the  lands  to  be  irrigated,  as  shown  on  Fig.  1.  This  basin  has 
an  area  of  210  sq.  miles,  and  presents  a  gently  rolling  topography. 

The  precipitation  on  the  water-shed  of  the  creek  ranges  from  6  in. 
for  the  lower,  to  18  in.  for  the  higher,  lands,  much  of  which  is  dry- 
farmed  for  grain.  The  land  has  a  generally  deep  and  retentive  soil, 
the  rock  crops  out  at  only  a  few  points,  and  the  slopes  are  so  flat, 
especially  near  the  divides,  that  a  survey  was  required  to  establish  the 
limits  and  area  of  the  water-shed  with  some  degree  of  certainty. 

The  creek  is  usually  dry  ihroufihout  the  year,  and  all  evidence 
indicated  a  very  limited  How  at  any  time.     There  was  some  underflow, 
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however,  and  small  springs  break  out  lower  down,  from  which  the 
creek  probably  derived  its  name.  Usual  absence  of  surface  run-off  is 
explained  by  the  small   rainfall,   the  gently  sloping  character   of  the 


Fig.  1. 


ground  surface,  and  the  absorbent  and  retentive  character  of  the  soil. 
The  reservoir  is  supplied  by  a  feed  canal  from  the  Umatilla  Kiver,  with 
a  capacity  of  300  sec-ft.  at  the  reservoir  and  a  length  of  25  miles, 
presenting  no  special  difficulties.     It  heads  about  IJ  miles  above  the 
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Town  of  Echo,  and  discharges  into  the  reservoir  near  the  south  end 
of  the  dam. 

The  dam  is  at  the  upper  end  of  a  canon,  above  which  the  valley 
spreads  out,  the  canon  continuing  down  stream  for  about  1  mile,  after 
wliich  the  valley  opens  up,  there  being  no  special  watercourse  until 
the  head  of  a  second  canon  is  reached,  through  which  the  water  finds 
its  way  into  the  Columbia  River.  At  the  dam  site  the  valley  is  400  ft. 
wide  and  has  an  elevation  of  542  ft.  above  sea  level,  the  bottom  of  the 
creek  channel  being  at  531  ft.  In  order  to  produce  the  required  storage 
above  an  outlet  elevation  of  560,  it  was  found  that  high  water  would 
come  at  Elevation  621.5  ft.,  when  the  reservoir  would  hold  49  000 
acre-ft.  and  have  a  surface  area  of  1  590  acres. 

To  the  south  and  east  the  land  is  generally  rising,  but  to  the  north 
a  ridge  forms  the  side  of  the  reservoir,  broad  at  its  eastern  end  and 
narrowing  up  toward  the  dam  site,  the  base  at  the  valley  floor  elevation 
being  about  1  mile  wide  at  its  narrowest  point  and  450  ft.  at  high- 
water  elevation.  The  rock  in  this  ridge  crops  out  at  a  few  points  on 
the  reservoir  side,  and  evidently  rises  toward  the  east,  but  in  the 
narrow  part  of  the  ridge  it  is  at  unknown  depth.  The  position  of  the 
rock  on  the  center  line  of  the  dam  is  shown  in  the  longitudinal  section. 
Fig.  1,  Plate  XXIX. 

The  rock  is  of  igneous  origin,  non-columnar  in  character,  hard, 
sound,  and  of  good  weight.  On  blasting,  it  breaks  up  into  sharp 
angular  fragments  of  assorted  sizes,  the  largest  seldom  containing 
more  than  1  cu.  ft.  On  exposed  faces  the  rock  appears  tight,  the  only 
open  seams  in  evidence  occurring  on  the  south  canon  side  near  the 
lower  toe  of  the  dam. 

The  overlying  material,  from  the  surface  down,  generally  consists 
of  fine,  loamy  soil,  of  sandy  character,  to  a  depth  of  from  2  to  8  ft., 
fine  sand,  irregular  layers  of  silt  from  a  few  inches  to  several  feet  in 
thickness,  coarser  sand,  and,  in  the  bottom  of  the  canon,  water-bearing 
gravel.  Many  of  the  strata  were  found  in  various  degrees  of  indura- 
tion. Their  general  position  is  horizontal,  but  they  do  not  continue 
unbroken  for  any  great  distance.  The  only  clay  found  was  a  small 
body  on  the  north  hillside,  hard  and  blue,  and  resembling  slate.  It 
has  been  made  to  serve  as  a  foundation  for  the  overflow  spillway. 

The  longitudinal  profile  of  the  dam  shows  that  while  it  is  feasible 
to  make  tight  juncture  with  the  rock  crossing  the  canon  and  on  the 


462   TWO   EARTH   DAMS   OF   THE   U.    S.    RECLAMATION    SERVICE    [Papers. 

canon  sides,  this  is  not  the  case  at  some  distance  away,  where  the  rock 
drops  beyond  economical  reach. 

From  the  foregoing  it  may  be  noted  that  the  site  is  not  a  very 
desirable  one,  from  the  standpoint  of  assured  water-tightness.  Assum- 
ing a  perfectly  water-tight  dam  to  be  built,  connecting  with  bed-rock 
across  the  canon  and  reaching  to  depths  of  from  15  to  6  ft.  on  the 
side-hill,  it  is  apparent  that  leakage  from  the  reservoir  remains  possible 
through  the  seams  in  the  rock,  through  the  layers  of  sand  on  each 
side  of  the  cafion  below  the  cut-ofF  line,  as  shown  by  the  profile, 
Fig.  4,  Plate  XXIX,  and  through  the  ridge  to  the  north  of  the  reservoir 
in  the  vicinity  of  the  dam,  as  shown  by  the  profile.  Fig.  5,  Plate 
XXIX.     These  possibilities  of  leakage  were  carefully  studied. 

As  regards  the  rock,  volcanic  formations  in  the  Northwest  are 
generally  very  changeable  within  short  distances,  and  the  absence  of 
seams  and  the  soundness  of  the  rock  within  the  range  of  local  borings 
give  no  assurance  of  its  character  within  a  short  distance  beyond. 
This  condition  prevails  throughout  large  areas  in  Oregon,  Washington, 
and  Idaho,  and  forms  one  of  the  elements  of  risk  in  connection  with 
all  reservoir  construction  in  that  region. 

As  regards  the  overlying  material,  movement  of  water  through  some 
fine  sand  layers  was  to  be  expected,  both  under  the  dam  and  through  the 
north  ridge.  In  either  case  it  was  argued  that  the  path  to  be 
followed  by  the  water  would  be  circuitous  and  long,  as  compared  with 
the  head.  Thus  velocities  would  be  held  down  to  ordinary  percolating 
limits,  such  as  would  be  utterly  incapable  of  carrying  the  granular 
material  of  which  the  soil  is  mostly  composed. 

As  regards  the  economical  value  of  possible  leakage  water,  the 
reservoir  will  be  filled  slowly  during  the  winter,  but  the  bulk  of  the 
river  water  is  not  available  for  reservoir  supply  until  near  the  begin- 
ning of  the  irrigation  season,  when  leakage  under  and  around  the  ends 
of  the  dam,  which  would  gather  in  the  canon  below,  can  be  diverted 
and  used  for  irrigation. 

Availahle  Material  for  Dam  Construction. — There  were  available 
for  dam  construction,  within  reasonable  distance,  the  following  classes 
of  material: 

Basaltic  rock,  hard  and  sound,  readily  blasted,  and  quite  suitable 
for   rip-rap ; 
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Gravol  in  deep  hillside  dci)()sits  on  the  north  side  of  the  canon, 

h  mile  below  the  dam,  as  shown  on  Plate  XXX; 
Fine  sandy  loam,  most  readily  available  in  any  direction,  for  use 

in  the  embankment; 
Pure  volcanic  ash,  in  occasional  strata  and  in  small  quantities; 
Indurated  clay  deposits,  principally  at  the  north  end  of  the  dam, 

and   limited    in    area; 
Sand  and  gravel,  in  deeper  strata  underlying  the  surface  soil,  and 

to  some  extent  indurated. 

The  first  three  were  the  only  ones  which  could  be  obtained  in  large 
quantities  without  removing  large  masses  of  overlying  materials.  In 
order  to  judge  of  their  suitableness  for  dam  construction,  a  series  of 
percolation  experiments  was  made.  These  experiments  have  been 
fully  described  in  an  article*  by  E.  G.  Hopson,  M.  Am.  Soc.  C.  E.,  and 
the  writer. 

Five  classes  of  material  were  tested  in  an  18-in.  tank  similar  to 
that  used  in  experiments  by  the  Massachusetts  State  Board  of  Health. 
In  addition,  tests  were  made  with  various  mixtures  of  fine  subsoil 
and  gravel.  Physical  characteristics,  specific  gravity,  and  coefiicients 
of  fineness  and  uniformity,  were  also  determined.  The  results,  from 
the  article  mentioned  above,  are  quoted  in  Table  1,  which  has  been 
corrected.     These  results  are  also  shown  on  Fig.  2. 

TABLE  1. — Percolation  Experiments,  Cold  Springs  Dam. 
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*  Engineering  News,  March  7th,  1907,  p.  250. 
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In  explanation,  it  should  be  stated  that  the  specific  gravity  of  the 
mass  refers  to  the  material  in  its  most  compact  form  in  dry  condition. 
For  the  determination  of  the  percentage  of  voids  in  the  dry  loose 
material,  it  was  poured  into  the  tank  from  a  scoop  when  perfectly  dry, 
and  for  the  dry  compact  material,  it  was  rammed  into  thin  layers  with 
a  stick  having  a  2  by  2-in.  base.  The  wet  rammed  material  was 
similarly  deposited  after  such  degree  of  moistening  as  was  believed 
to  result  in  the  tightest  mass.  The  uniformity  coefficient  and  effective 
size  were  determined  by  the  Massachusetts  State  Board  of  Health 
standard. 

The  pit  gravel  is  made  up  principally  of  coarse  sand,  containing 
about  10%  of  pebbles  and  cobbles.  It  has  a  far  smaller  percentage  of 
voids  than  the  finer  material,  due  to  a  more  favorable  graduation  of 
sizes.  It  also  shows  the  highest  specific  gravity,  both  as  to  its  ingredi- 
ents and  as  to  the  mass,  thus  fitting  it  well  for  use  in  a  dam,  to 
furnish  stability  and  perfect  drainage. 

The  rate  of  percolation  is  for  a  head  of  3  ft.  through  3  ft.  of 
material  on  the  third  day  after  the  commencement  of  the  test,  and  is 
corrected  for  temperature  on  the  basis  of  the  Hazen  formula. 

It  will  be  noted  from  the  results  of  the  experiments  that  the 
addition  of  subsoil  to  the  gravel  has  a  very  marked  effect  in  reducing 
the  rate  of  percolation.  Practical  water-tightness  was  obtained  by  a 
wide  range  of  proportions,  there  being  little  difference  in  the  rate  of 
percolation  between  a  mixture  containing  25%  and  one  containing 
66%  of  soil.  Thus  the  exact  proportion  of  the  mixture  within  these 
ranges  was  not  essential,  which  is  an  important  consideration  in  the 
practical  work  of  dam  construction.  The  greatest  tightness  was  found 
with  a  proportion  of  50%  gravel  and  50%  soil,  with  which  the  rate  of 
percolation,  as  compared  with  that  of  soil  alone,  was  found  to  be  less 
than  6%,  and  as  compared  with  gravel  alone  less  than  0.03  of  1  per 
cent.  After  careful  study  of  the  results  of  these  experiments,  a 
section  of  dam  was  adopted,  as  shown  on  Fig.  2,  Plate  XXIX. 
Stability  was  secured  by  the  use  of  gravel  throughout  the  entire 
section  of  the  dam;  water-tightness  by  an  admixture  of  fine  subsoil 
in  the  up-stream  portion  of  the  section;  and  perfect  drainage  by  the 
use  of  unmixed  gravel  in  the  down -stream  portion. 

The  cut-off  trench  across  the  bottom  of  the  canon  is  29  ft.  deep 
and  30  ft.  wide  at  its  connection  with  bed-rock.     It  reduces  in  depth 
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and  width  up  the  hillsides  until  it  is  6  ft.  deep  and  has  a  bottom  width 
of  10  ft.  at  the  ends  of  the  dam.  To  retard  the  flow  along  the  plane 
of  contact  with  bed-rock,  a  thin  cut-off  wall,  7  ft.  high,  was  con- 
structed on  the  center  line  of  the  trench,  across  the  canon,  reducing  in 
height  up  the  side-hill.  Five  additional  walls  were  built  on  the  north 
hillside  where  the  rock  was  exposed. 

Provision  was  made  for  drainage  by  a  gravel-filled  trench  along 
the  entire  down-stream  toe  of  the  dam  with  tile  drain,  and  a  network 
of  additional  trenches  under  the  high  portion  of  the  dam,  consisting 
of  a  parallel  trench  120  ft.  up  stream  from  the  water  toe,  with  cross- 
trenches  every  100  ft. 

Slope  Protection.- — The  water  face  of  the  dam  is  covered  with  12  in. 
of  pit  gravel  and  24  in.  of  rock  rip-rap.  The  down-stream  face  is 
covered  with  12  in.  of  rock  rip-rap  principally  to  prevent  the  gravel 
from  being  displaced  and  as  a  protection  against  wind  action. 

Inlet  Structure. — The  feed  canal  enters  the  reservoir  near  the 
south  end  of  the  dam.  No  rock  could  be  found  over  which  to  drop 
the  water,  and  a  protective  structure  therefore  became  necessary. 
This  consists  of  two  continuous  reinforced  side-walls,  with  bottoms 
stepped  and  tops  sloping,  with  cross-walls  forming  water-pockets, 
floored  with  concrete  and  covered  with  wooden  wearing  floors,  the  water 
spilling  over  each  cross-wall  and  dropping  into  the  water-cushion 
formed  by  the  next  cross-wall.  There  are  nine  water-steps,  with  a 
vertical  drop  of  6  ft.  each,  the  lowest  cross-wall  having  its  top  at  low- 
water  elevation.  At  the  top  of  the  structure  the  side-walls  spread 
apart  to  accommodate  a  steel-plate  weir  with  a  24-ft.  crest. 

This  drop  structure  was  built  in  deep  excavation,  it  being  left  to 
the  incoming  water  to  overflow  through  a  training  furrow  and  cut  its 
own  channel  to  low  water  in  the  reservoir.  This  was  partly  accom- 
plished in  the  course  of  three  weeks  by  a  flow  varying  from  30  to  100 
sec-ft.  Several  steps  still  remain  buried,  owing  to  the  grade  assumed 
by  the  bottom  of  the  cut.  The  sides  of  this  cut  stood  at  first  vertical, 
but  have  gradually  slumped,  and  are  tending  to  a  uniform  slope. 

About  i  mile  up  stream  from  this  structure,  following  the  canal 
line,  and  where  the  canal  alignment  crosses  the  extended  center  line  of 
the  dam  near  its  south  end,  a  concrete  gate  structure  has  been  built, 
with  four  arched  openings,  6  ft.  6  in.  wide  in  the  clear,  with  hinged 
floating  gates  to  prevent  the  reservoir  water,  when  raised  above  the 
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spillway  height  by  cloudbursts,  from  running  back  into  the  canal  and 
overtopping  its  banks. 

Flash-boards  are  also  provided  for  backing  the  canal  water  over 
a  concrete  crest  in  the  canal  bank  some  distance  up  stream  into  a 
lined  channel,  aflfording  direct  connection  between  the  inlet  and  outlet 
canals,  and  the  means  of  by-passing  the  reservoir. 

Outlet  Conduit  and  Gate-Tower. — The  outlet  conduit  and  gate- 
tower  are  located  on  bed-rock  on  the  south  side  of  the  canon,  with 
outllow  elevation  at  560  ft.,  or  approximately  17  ft.  above  the  canon 
bottom.  There  are  two  4  by  4-ft.  Coffin  sluice-gates,  placed  in  series, 
one  at  the  outside  of  the  gate-tower  and  the  other  at  the  inside,  the 
former  being  an  emergencj^  gate. 

The  conduit  is  founded  on  rock,  and  there  are  cut-off  collars  at 
intervals  of  30  ft.,  the  conduit  discharging  into  a  canal  cut  in  the  rock 
for  about  200  ft.,  below  which  it  continues  in  earth.  An  overflow  spill- 
way is  provided  in  the  canal  bank,  cut  in  the  rock  section,  the  spill 
crest  having  concrete  guide-walls  to  the  bottom  of  the  canon.  The 
outlet  canal  capacity  is  225  sec-ft.  The  gate-tower  at  the  upper  end 
of  the  conduit  stands  near  the  water  toe  of  the  dam.  It  is  built  of 
concrete,  slightly  tapering,  and  is  connected  with  the  top  of  the  dam 
by  a  steel  footbridge. 

Spillway. — On  the  hard  clay  bed  on  the  north  hill  shoulder,  a 
spillway  was  built,  with  a  crest  length  of  330  ft.  and  a  crest  elevation 
of  8  ft.  below  the  top  of  the  dam.  At  each  end  there  are  abutment 
walls,  with  cut-off  walls  reaching  into  the  body  of  the  dam.  The  water, 
after  spilling  over  the  crest,  slides  down  an  inclined  concrete-paved 
slope  and  enters  a  concrete-lined  channel  with  a  general  direction 
parallel  to  the  overflow  crest  and  at  right  angles  to  the  dam.  This 
channel  is  excavated  in  thorough  cut  past  the  line  of  the  dam,  through 
hard  clay  and  fine  sand  formation,  and  terminates  in  hard  rock  at  an 
elevation  of  40  ft.  above  the  canon  bed,  the  end  being  provided  with  a 
heavy  cut-off  wall  oxtciiding  well  into  the  rocky  sides. 

The  entire  spillway  channel  has  a  concrete  lining  built  in  dis- 
connected sections  to  10-ft.  squares,  with  joints  underlaid  by  concrete 
cut-off  walls.  Where  it  passes  through  sand  formation,  it  is  reinforced 
with  g-in.  bars  laid  in  12-in.  squares,  and  has  weep-holes  on  the  dam 
side.  The  capacity  of  the  spillway,  with  3  ft.  of  water  over  the  crest, 
is  assumed  at  5  900  ft.,  at  which  point  the  dam  will  have  a  freeboard 
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of  5  ft.  independent  of  a  super-elevation  of  2%  of  the  height  for 
possible  settlement. 

There  had  been  no  observed  run-off  from  the  drainage  area  of  the 
reservoir  prior  to  the  commencement  of  the  construction  of  the  dam. 
During  January,  1907,  when  the  construction  trestle  was  being  erected, 
a  heavy  rain  occurred,  falling  on  10  in.  of  snow,  with  the  ground  beneath 
frozen  by  previous  cold  weather.  Three  floods  followed  in  rapid  succes- 
sion, discharging  in  the  aggregate  15  000  acre-ft.,  and  peaking  for  3  hours 
at  6  000  sec-ft.  Approximately  10  000  cu.  yd.  of  material  were  eroded 
within  the  lines  of  the  dam  base.  Floods  of  this  type  can  only  occur 
in  the  winter,  at  which  time  the  reservoir  can  be  but  partly  filled.  In 
summer,  cloudbursts  may  be  expected,  but  their  aggregate  run-off  is 
usually  small — the  disastrous  Heppner  cloudburst  of  1903,  for  instance, 
resulting  in  an  aggregate  flow  estimated  at  only  1  GOO  acre-ft. 

With  a  spillway  capacity  of  5  900  sec-ft.  at  3  ft.  depth  on  the  crest, 
the  reservoir  has  a  capacity,  above  the  crest,  of  1  000  acre-ft.  The 
floods  of  1907,  above  mentioned,  were  entirely  unlooked  for,  but  fortu- 
nately did  no  damage  other  than  eroding  part  of  the  dam  foundation. 
The  creek  channel  would  not  ordinarily  accommodate  in  excess  of  a  few 
hundred  second-feet,  and  the  heavy  growth  of  sage-brush  on  its  banks 
indicated  absence  of  any  recent  large  flow.  This  is  one  of  the  many 
illustrations  of  the  danger  involved  in  estimating  maximum  floods 
from  drift  lines  or  other  surface  appearances. 

Method  of  Constructicn. — The  design  called  for  the  handling  of 
approximately  490  000  cu.  yd.  of  gravel  from  the  gravel  pit  in  the 
north  caiion  side,  about  i  mile  below  the  dam;  for  the  excavation  of 
191  000  cu.  yd.  of  loam  or  subsoil,  to  be  obtained  mostly  from  the 
slopes  within  the  reservoir;  and  for  about  36  000  cu.  yd.  of  rock  pitch- 
ing, to  be  placed  on  both  slopes. 

The  gravel  was  excavated  with  a  70-ton,  Model  No.  60,  Marion 
steam  shovel,  with  2i-cu.  yd.  bucket.  The  rolling  stock  consisted  of 
fifty  4-yd.  side-dump  cars,  and  five  16-ton  American  locomotives  run- 
ning on  a  3-ft.  gauge  track  of  35-lb.  rails.  The  track  system  is  shown 
on  Plate  XXX,  the  average  distance  of  gravel  haul  being  2^  miles, 
and  the  maximum  grade  being  1^  per  cent.  The  gravel  in  the  pit  rose 
to  from  30  to  60  ft.  above  the  shovel,  and  was  in  places  overlaid  with 
considerable  soil,  rendering  it  necessary  to  watch  the  proportions  of 
soil  and  gravel  as  they  came  on  the  ears  to  the  dump. 
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The  shovel  was  served  by  four  gravel  trains,  of  from  nine  to 
twelve  cars  each,  which  handled  on  an  average,  including  moving  and 
delays,  about  1  600  cu.  yd.  per  shift  of  8  hours,  the  output  per  shift 
occasionally  exceeding  2  200  cu.  yd.  The  total  rise  from  the  steam 
shovel  to  the  top  of  the  dumping  trestle  was  65  ft.,  and  the  coal  con- 
sumption per  locomotive,  for  1 149  shifts  of  8  hours,  averaged  2  400  lb., 
coal  being  obtained  from  the  Kemmerer  mines  in  Wyoming. 

The  gravel  was  delivered  on  the  dam  by  dumping  from  a  trestle, 
65  ft.  high,  built  across  the  canon,  with  its  center  line  about  60  ft. 
down  stream  from  and  nearly  parallel  to  the  center  line  of  the  dam. 
The  entire  trestle  came  within  the  100%  of  the  gravel  section,  and  the 
posts  were  left  buried  in  the  gravel,  but  all  bracing  was  removed  as 
the  work  progressed. 

The  fine  subsoil  or  loam  was  obtained  from  various  sources,  as 
follows : 

From   surface  layers  overlying  the  gravel 

in  the  gravel  pit 100  000  cu.  yd. 

From    borrow-pits    on    the    side-hill,   up 

stream  from  the  dam 108  600    "      " 

From  the  feed  canal  and  trenches 40  700    "      " 

From  the  spillway  channel 17  700    "      " 

Total 267  000  cu.  yd. 

The  loam  from  the  gravel  pit  was  handled  in  the  same  manner  as 
the  gravel.  The  loam  from  the  borrow-pits  was  handled  by  wheel- 
scrapers  up  to  distances  of  500  ft.  (22  300  (;u.  yd.),  and  by  dump- 
wagons  loaded  by  an  orange-peel  excavator  for  greater  distances  up  to 
2  000  ft.  (86  300  cu.  yd.).  The  loam  from  other  sources  was  moved 
by  scrapers,  onV  that  portion  excavated  from  trenches,  etc.,  being  used 
which  was  found  suitable,  the  remainder  being  wasted. 

The  loam  was  delivered  first,  in  its  proper  proportions,  and  spread 
by  a  road  scraper,  after  which  gravel  was  spread  over  it,  being  scraped 
by  Fresno  scrapers  from  the  foot  of  the  gravel  dump  near  the  trestle. 
The  materials  were  mixed  at  first  with  disk-harrows  and  subsequently 
with  cultivators,  the  points  of  which  scraped  over  and  into  the  top  of 
the  previously  mixed  and  rolled  layer,  after  which  the  material  was 
watered  and  rolled,  producing  a  final  layer  of  from  4  to  5  in.  com- 
pacted into  a  hard  mass  which  required  picking  to  excavate.    Constant 
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watch  was  kept  of  the  thoroughness  of  the  mixing  process,  by  excavat- 
ing test-pits.  It  was  found  impossible  to  secure  complete  mixing  at  all 
times.  Unmixed  gravel  was  nowhere  found,  but  in  some  places  fine 
streaks  of  loam  had  been  left  unmixed  with  gravel,  in  spite  of  every 
effort  to  avoid  it. 

The  gravel  in  the  100%  gravel  section  was  not  rolled  to  a  large 
extent  and  was  not  watered.  When  the  gravel  dump  had  reached  the 
height  of  the  trestle,  the  track  was  raised  by  grading  up,  until  the 
full  height  of  the  dam  was  attained. 

The  rock  for  slope  pitching  was  obtained  from  the  rocky  basalt 
bluff  on  the  north  side  of  the  canon,  a  short  distance  below  the  dam. 
It  broke  up  in  fragments  from  1  cu.  ft.  in  volume  down.  A  part  of  it 
was  loaded  by  an  orange-peel  excavator,  but  most  was  handled  from 
wheel-barrows  into  dump-cars.  It  was  hauled  by  rail,  dumped  on  the 
slopes  from  the  dump-cars,  and  sloped  by  hand.  The  total  required 
was  36  000  cu.  yd. 

The  construction  of  the  auxiliary  structures  contained  no  elements 
of  special   interest. 

The  work  on  the  installation  of  the  plant  was  commenced  in 
December,  1906.  The  first  gravel  was  dumped  in  May,  1907,  and  the 
dam  was  completed  on  January  1st,  1908. 

Shrinkage. — The  design  of  the  dam  calls  roughly  for  one-third  of 
the  mass  100%  gravel,  one-third  50%  gravel,  and  the  remaining  third 
67%,  75%,  and  80%  gravel.  Laboratory  tests  indicated  a  shrinkage  of 
about  10%  for  the  various  mixtures,  and  from  this  it  was  figured  that 
there  would  be  required  490  000  cu.  yd.  of  gravel  and  191  000  cu.  yd. 
of  loam,  or  a  total  of  G81  000  cu.  yd.,  to  make  the  637  000  cu.  yd.  of 
compacted  dam. 

The  actual  quantity  of  gravel  excavated  corresponds  closely  to  the 
estimate,  but  the  quantity  of  soil  handled  was  76  000  cu.  yd.  in  excess 
of  that  figured.  This  large  excess  must  be  principally  attributed  to 
the  difficulty  of  keeping  the  soil  and  gravel  apart  in  the  gravel  pit,  and 
may  be  partly  due  to  the  occurrence  of  volcanic  ash  or  dust  in  the 
delivered  soil,  which  may  not  have  assisted  in  swelling  the  quantities. 
The  proportion  of  loam  in  the  gravel,  where  it  came  unavoidably  mixed 
with  gravel  from  the  gravel  pit,  may  have  been  under-estimated,  and 
it  is  quite  probable  that  much  of  the  gravel,  which  from  all  appearances 
contained  no   soil,   may  have  held  proportions   of  from   5   to   10   per 
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Fig.  1. — Gr.-wki,  Hank  o.n  North  Side  of  Canon,  Below  Cold  Sprikg.s  Dam. 
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Fig.  2. — Base  of  Pam.  Cut-off  Trench,  Constkuctiun  Tkestle,  etc., 
Cold  Springs  Dam. 
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cent.  While  the  excess  soil  has  added  to  the  cost,  it  can  hardly  be 
deemed  injurious,  as  regards  the  drainage  qualities  of  the  gravel  or  its 
stability,  and  it  has  also  added  to  its  mass  weight. 

Cost. — The  total  cost  of  the  dam,  arranged  by  its  principal  features, 
is  shown  in  the  following  tabulation: 

Main    dam $364  140 

Auxiliary  structures : 

Inlet   works $16  140 

Outlet    works 19  710 

Spillway   35  010 

70  860 

Preliminary    engineering 5  000 


Total,  49  000  acre  ft.,  at  $8.98  per  acre  ft.  .$440  000 

General    administration,    engineering   and   supervision,    other    than 
preliminary  engineering,  are  included  in  the  above  figures. 

The  principal  details  of  the  cost  of  the  main  dam  are  as  follows : 
Kinliaiiknunt  (yardage  on  basis  of  excavation  measurement): 
MatiTial  Irom  gravel  i)it:  Gravel.  .    490  000  cu.  yd. 
Earth...    100  000    "     " 


590  000  cu.  yd.  at  $0,385     S227  020 
Material  from  borrow-pits,  spillway,  and  trendies: 
Earth,  86  300  cu.  yd.,     orange-peel 

excavator,  36.1  cents .S3 1  120 

80  700  "     "  wheel  scrapers,  19.4     "      15  630 


1  C.T  OOO  cu.  yd.     average,  at    !{?0.28 46  750 

Kip-rap: 

From  ([uarry . .  .32  500  cu.  yd.,  at      1.4(5 47  ISO 

"      trenches.    3  400  "     "  (charged  to  excavation). 
Excavation: 
Earth    from  trenches,  spillway,  etc., 
temporarily      or       permanently 

wasted 34  400  cu.  yd .      0.293       10  060 

Ilardpan  or  loose  rock 6  600   "     "         1.37  9  020 

Solid  rock 4  000   "     "        2.84         1 1  340 

Concrete  cut-oft'  walls 327   "     "      13.79  4  510 

Drainage,  including  all  work  to  .July  Lst,  1910 7  960 

$364  140 
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A  further  analysis  of  the  two  principal  items  may  be  of  interest : 

Embankment :    Material   from  gravel   pit,  590  000  cu.  yd. 
Steam-shovel    excavation  :    Rail  haul,  average  distance  2| 

miles,  average  rise  G5  ft. 
Cost  per  cubic  yard,  measured  in  excavation: 

Steam  shovel 3.6  cents. 

Transportation:   Railroad  operation  .      o.. 5  cents. 

Track  maintenance.     1.7     "         7.2      " 
Work    on    dam  :   Scraping,      spread- 
ing, and  mixing.      S.2     " 

Sprinkling 0.2     " 

Rolling 0.5     " 

Water   supply 0.7     "        9.6      " 

Plant  depreciation 10.4     '' 

Plant  maintenance 0.4     "      10  ts      " 

General  supplies 1.8       '' 

Camp,  shops,  warehouses 1.2      ^' 

Cleaning  up,  transfer  of  plant 0.6       " 

Engineering,      administration      and 

general  expenses 3.7      " 

38.5  cents. 

Embankment :    Material    from  borrow-pits,  86  300  cu.  yd., 
orange-peel  excavator,  wagon  haul,  500  to 
2  000  ft. 
Cost  per  cubic  yard,  measured  in  excavation  : 

Excavation 13.1  cents. 

Wagon  haul 6.9  " 

Sprinkling 0.4  " 

Rolling 0.7  " 

Water  supply 0.8  " 

Plant  depreciation 8.5  cents. 

Plant  maintenance 0.4     "        8.9  " 

General  supplies 1.1  " 

Camp,  shops  and  warehouses 1.2  " 

Cleaning  up,  transfer  of  plant 0.5  " 

Engineering,      administration      and 

general  expenses .2.5  " 

36.1  cents. 
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Fig.   1. — Cut-Off  Trench  Ackoss  Valley  Bottom,   Cold  Springs  Dam. 


Fig.   2. — Trench  for  Outlet  Conduit,   Showing  Character  of  Rock, 
CoLP  Springs  Dam. 
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Tlie  cost  of  gravel  and  cartli  for  the  main  embankment,  based  on 
bank  measurement,  is  higher  tlian  the  foregoing  figures  indicate,  by 
reason  of  heavy  shrinkage,  and  is  shown  iis  follows: 

Excavation  measiirenient. 
Material  from  gravel  pit ^DO  000  cu.   yd.,  at  38.5  cents.  ..f 227  020 

"  -     borrow-pits,  etc.  .1(57  000    "       "      at  28.0      "     ..     46  750 


Total 757  000  cu.    yd.    at  3G.2  cents.  .$273  770 

Embankment  measurement 637  000  cu.  yd.     at  43.0  cents. 

The  prices  paid  for  labor  and  fuel  were  as  follows : 

Common  labor $1.60  to  $2.40  for  8  hours. 

Teamsters 2.40  to  2.60    " 

Teamsters,  with  team 4.50    " 

Steam-shovel   engineers 6.20    " 

Cranesmen 4.00    " 

Locomotive  engineers 3.60    " 

Carpenters    $3.60  to  4.00    " 

Coal,  per  ton,  on  work 8.63 

Behavior  of  Reservoir  Since  Completion. — Water  was  first  admitted 
into  the  reservoir  on  February  19th,  1908,  and  reached  its  maximum 
height  for  that  year  on  June  5th,  at  Elevation  584.4,  and  its  minimum 
height  on  October  20th,  at  Elevation  561.8.  Water  was  again  admitted 
on  November  5th,  1908.  In  1909  it  rose,  on  June  4th,  to  604.1,  and 
dropped,  on  October  15th,  to  564.7.  In  1910  it  rose,  on  March  25th,  to 
616.2,  and,  on  May  11th,  to  616.7,  standing  at  that  time  within  4.8  ft. 
of  the  spillway  crest,  with  the  reservoir  containing  42  000  acre-ft. 

From  the  time  water  was  first  admitted,  measurements  have  been 
made  of  the  inflow  through  the  feed  canal  and  from  Cold  Springs 
Creek  at  times  of  flood,  of  the  outflow  through  the  outlet  canal,  and 
of  the  evaporation  and  rainfall,  which  have  yielded  some  interesting 
information  as  to  seepage  losses,  as  shown  graphically  on  Plate  XXXI. 

Close  watch  for  first  evidences  of  seepage  below  the  dam  was  also 
kept.  The  drain  tile  in  the  lower  toe  of  the  dam,  serving  the  portion 
to  the  north  of  the  outlet  conduit  and  including  the  highest  part 
of  the  dam,  discharges  into  a  small  concrete  basin  in  the  old 
creek  bottom,  which  is  provided  with  a  weir  (Weir  No.  1,  on  the  plan 
of   the   dam,   Plate   XXX).      The   first   water   came   from    this    drain 
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on  April  2d,  1908,  with  the  reservoir  water  at  571.5,  or  27.5  ft.  above 
the  valley  bottom.  The  maximum  flow  during  1908  was  0.17  sec-ft. 
During  1909  it  was  0.26  sec-ft.,  and  during  1910,  0.26  sec-ft. 

In  the  flat  below  the  toe  of  the  dam,  for  a  distance  of  about  1  000  ft., 
ground-water  was  observed  to  be  gradually  rising,  and  water  began  to 
ooze  from  the  soil  banks  on  either  side  of  the  meandering  creek  channel. 
This  condition  gradually  extended  downward  for  a  distance  of  i  mile. 
Weirs  were  maintained  at  two  points  in  the  creek  channel,  Weir  No.  2 
about  500  ft.,  and  Weir  No.  3  about  3  000  ft.  down  stream  from  the 
dam;  and  the  flow,  as  measured,  is  shown  on  Plate  XXXI. 

It  should  be  understood  that  the  outlet  canal  skirts  the  south 
canon  side,  and  after  leaving  the  rock  adjoining  the  dam,  runs  through 
fine,  sandy  material,  seepage  below  the  hillside  being  evident  in  many 
places.  This  contributed  to  the  flow,  as  measured  in  the  creek  weirs,  to 
an  extent  which  it  has  not  been  possible  to  determine  definitely. 
The  time  during  which  the  outlet  canal  was  operated  is  shown  at  the 
bottom  of  the  diagram,  Plate  XXXI,  from  which  it  will  be  noted 
that  this  flow  is  stopped  in  the  fall  of  the  year  after  the  reservoir 
has  been  practically  emptied;  so  that  the  effect  of  cessation  of  flow 
in  the  canal  and  that  of  the  lowering  of  the  water  surface  in  the 
reservoir  are  combined  in  the  reduced  flows  measured  at  the  weirs. 
From  the  diagram  it  will  be  seen  that  the  flow  at  Weir  No.  2  reached 
maxima  for  the  three  successive  years  of  1.0,  1.26,  and  1.46  sec-ft., 
while  that  at  the  lower  creek  weir  shows  maxima  of  1.28,  3.27,  and 
3.03  sec-ft.,  respectively,  these  flows  peaking  about  4  weeks  after  the 
highest  water  occurred  in  the  reservoir. 

The  portion  of  the  dam  to  the  south  of  the  outlet  conduit  is  served 
by  a  drain  which  discharges  into  the  conduit.  This  did  not  show  any 
flow  during  the  years  1908-09,  but  during  1910  the  flow  was  0.08  sec-ft. 
during  May,  and,  with  the  lowering  of  the  water,  this  has  again 
dried  up.  The  lower  end  of  this  drain  is  at  Elevation  575,  or 
29  ft.  and  42  ft.,  respectively,  below  high  water  in  1909  and  1910. 
When  moisture  showed  in  the  low  places  in  the  flat  immediately  below 
the  dam  in  1908,  it  was  deemed  advisable  to  lay  additional  drainage 
pipes,  and,  during  the  following  winter,  and  also  during  the  winter 
of  1909-10,  a  more  complete  system,  consisting  of  a  main  12-in.  drain 
and  cross-lines  of  3-in.  drains,  was  constructed,  and  has  been  entirely 
effective    in    maintaining    the    surface    in    a    perfectly    dry    condi- 
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tiuii.  Some  drains  have  also  been  lakl  at  the  foot  of  the  hillside  below 
tlie  outlet  canal,  to  intercept  seepage  from  this  apparent  source. 

The  course  of  seepage  water  from  the  reservoir  is  imcertain.  It 
is  not  improbable  that  a  small  quantity  of  water  passes  through  the 
body  of  the  dam.  The  flow  from  the  drain  serving  the  highest  portion 
of  the  dam  carried  about  0.25  sec-ft.  with  the  reservoir  water  at 
616.8,  or  76.8  ft.  above  the  valley  bottom.  The  appearance  of  oozing 
water  along  the  sides  of  the  creek  channel,  for  a  considerable  distance 
below  the  dam,  indicates  that  seepage  water  may  travel  through  seams 
in  the  underlying  rock,  or  entirely  around  the  outer  slopes  of  the 
rock.  It  is  significant  that  lower  portions  of  the  flat,  separated  from 
the  dam  by  the  meandering  creek  channel,  show  water  well  above  the 
creek  bottom,  indicating  a  roundabciit  course  of  this  seepage  water. 

The  exposed  rock  surface  of  the  bluff  on  the  north  side  of  the 
canon  immediately  below  the  dam  showed  no  seepage,  until  1910,  when 
a  small  spring  made  its  appearance  near  the  foot  of  the  bluff,  close  to 
the  toe  of  the  dam,  attaining  a  maximum  flow  during  the  season  of 
0.044  sec-ft.  The  interior  of  the  outlet  conduit  was  carefully  examined, 
and  while  some  moisture  was  in  evidence,  no  dripping  leaks  were  found 
where  the  conduit  passes  through  the  water-tight  section  of  the  dam. 
One  small  squirting  leak,  the  size  of  a  fine  straw,  was  found  near  the 
lower  end  of  the  conduit  where  it  passes  through  the  100%  gravel 
section  of  the  dam  immediately  above  the  highest  cut-off  wall,  the 
pressure  probably  being  due  to  the  head  accumulated  by  this  wall, 
which  makes  tight  connection  with  the  tunnel  rock  trench  in  which 
the  conduit  was  built. 

As  regards  seepage  imder  the  dam  on  the  south  hillside,  it  has 
been  stated  that  the  maximum  flow  measured  from  the  drain  was 
0.08  sec-ft.  during  1910;  the  only  further  evidence  of  seepage  along 
this  part  of  the  dam  was  a  moist  spot  near  the  toe  of  the  dam  at 
about  Station  17,  where  the  elevation  of  the  ground  is  about  600,  or 
17  ft.  below  the  highest  water  in  1910.  An  investigation  will  be  made 
as  to  whether  this  seepage  may  have  been  due  to  a  break  or  obstruction 
in  the  drain  pipe.  Such  break  was  found  near  Station  27  in  the 
highest  part  of  the  dam  in  April,  1909,  due  undoubtedly  to  insufficient 
bedding  of  drain  pipe.  Just  previous  to  this  break,  the  drainage 
water  from  this  line  of  tile,  which  had  always  been  running  ciystal 
clear,  showed  a  small  amount  of  very  fine  sand,   while  the  delivery 
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dropped  from  0.25  to  0.19  sec-ft.  Repairs  were  made  during  the  follow- 
ing fall,  at  a  time  of  low  water  in  the  reservoir.  The  down-stream 
slope  of  the  dam  has  at  all  times  been  perfectly  dry,  nor  is  it  con- 
ceivable that  water  would  show  at  an  elevation  higher  than  the  ground 
adjoining. 

The  diagram  on  Plate  XXXI  is  especially  interesting  in  that  it 
shows  the  reservoir  seepage  losses  determined  by  striking  a  balance 
between  measured  inflow  and  precipitation  on  the  one  hand,  and 
measured  outflow  and  evaporation  on  the  other.  The  rate  of  loss  at 
first  filling  was  about  30  sec-ft.,  which  quickly  dropped  to  20  sec-ft., 
and  then  continued  to  drop  slowly  during  the  first  season  until  a 
slight  return  flow  was  measured.  The  maximum  rate  of  loss  during 
1909  was  17  sec-ft.,  when  the  submerged  area  measured  1 003  acres, 
and  in  1910  this  rate  rose  to  34  sec-ft.,  at  which  time  the  water- 
covered  area  in  the  reservoir  was  1  310  acres. 

The  amount  of  seepage  during  filling  is  dependent  not  only  on 
the  area  submerged  and  the  voids  in  the  underlying  soils,  but  also  on 
the  rate  of  filling.  The  higher  this  rate,  the  greater  will  be  the  new 
area  submerged  in  a  given  time,  and  the  steeper  will  also  be  the  water 
gradient  in  the  adjoining  area.  It  is  possible  that  this  fact  may 
account  for  the  apparent  anomaly  of  the  seepage  curve  peaking  several 
weeks  prior  to  the  dates  when  highest  water  in  the  reservoir  was 
reached.  The  rate  of  filling  is  indicated  by  the  steepness  of  the 
capacity  curve,  and  it  will  be  noted  that  the  summits  of  the  seepage 
curve  coincide  fairly  with  the  breaks  in  the  upward  slope  of  the 
contents  curve,  showing  a  reduction  in  the  rate  of  filling. 

The  dependence  of  seepage  on  the  rate  of  filling  is  also  indicated 
by  the  marked  difference  in  seepage  for  the  same  water  elevations 
under  conditions  of  filling  and  of  emptying  the  reservoir.  For  in- 
stance, on  August  10th,  1909,  return  flow,  during  emptying,  commenced 
with  the  reservoir  water  at  589,  while  previously,  on  February  26th, 
1909,  with  water  at  the  same  elevation,  the  seepage  loss  during  filling 
was  14  sec-ft.  Similarly,  in  1910,  the  return  flow  commenced  on 
August  27th,  with  the  reservoir  emptying  and  with  the  water  at  591, 
while  on  December  30th,  1909,  with  the  water  at  the  same  elevation 
and  the  reservoir  filling,  the  seepage  loss  was  19  sec-ft. 

The  totals  of  the  losses  from  the  reservoir  for  various  periods  are 
shown  in  Table  2. 
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TABLE  2. — Losses  from   Cold  Springs  Reservoir. 


Period. 

Total  loss,  in 
acre-feet. 

Evaporation 

loss,  ill 

acre-feet. 

Seepage 

loss,  in. 

acre-feet. 

Maximum 

area 

submerged, 

in  acres. 

February  I9th,  1908 

6  717 
8  311 
14  916 

2  384 

4  354 

5  122 

4  333 

4  057 
9  794 

Noveintier  1st,  1908 

659 

November  1st,  UK)".) 

November  1st,  1910 

1060 
1836 

29  944 

11760 

18184 

The  evaporation  loss  was  determined  by  applying  the  evaporation, 
measured  each  week  in  a  floating  pan,  to  the  average  reservoir  surface 
for  that  week.  This  method  leads  to  too  small  results,  because  the 
evai)oration  proceeds  from  the  marginal  areas  as  well  as  from  the 
water  surface,  and  because  the  actually  exposed  reservoir  surface  at 
times  of  wind,  when  evaporation  is  most  rapid,  is  increased  by  the 
formation  of  waves  to  a  far  greater  degree  than  is  the  case  in  a  pan. 
Therefore,  the  resultant  seepage  losses  as  given  are  correspondingly 
too  large,  the  writer  having  been  unable  to  find  a  satisfactory  basis 
for  applying  corrections. 

Tlic  only  evidence  of  escaping  seepage  water  was  in  the  creek 
channel  below  the  dam,  which  averaged,  as  measured  on  Weir  No.  3, 
for  the  three  periods  given  in  Table  2,  0.7,  1.4,  and  1.8  sec-ft., 
respectively,  resulting  in  an  aggregate  visible  flow  of  2  630  acre-ft. 
Assuming  that  one-fourth  of  this  may  be  charged  to  outlet  canal  loss, 
1  970  acre-ft.  may  have  come  from  the  reservoir  as  visible  flow  and  the 
remainder,  18 184,  less  1 970,  or  16  214  acre-ft.  of  reservoir  seepage 
must  liave  been  stored  in  the  ground  during  the  period  of  2  years 
and  lOJ  months.  Comparing  this  with  the  maximum  area  covered 
(1  386  acres),  the  loss  is  about  11.8  ft.  in  depth  per  acre,  sufficient  to 
fill  soil  having  45%  voids  to  a  depth  of  26  ft.  As  the  depth  to  bed- 
rock may  average  more  than  this,  and  especially  as  the  water  move- 
ment must  be  largely  horizontal,  the  losses  above  recorded  do  not  seem 
surprising.  It  is  probable  that  losses  of  this  character  will  continue 
for  several  years,  until  some  average  water-table  in  the  surrounding 
soil  shall  have  been  established,  after  which  the  loss  during  the  early 
season  will  be  largely  offset  by  return  flow  on  emptying  the  reservoir. 
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Settlement. — The  dam  was  finished  with  a  super-elevation  of  2% 
of  the  height,  as  previously  stated,  to  take  care  of  possible  settlement. 
Bench-marks  established  on  the  concrete  bridge  piers  at  the  time  of 
construction  and  at  points  on  the  water  slope  where  the  dam  is  highest, 
show  a  settlement  to  date  of  about  i  per  cent.  A  series  of  bench- 
marks was  established  on  top  of  the  dam  on  January  2d,  1909,  after 
a  depth  of  41  ft.  of  water  had  stood  against  the  dam  during  the 
previous  season.  These  bench-marks  show  a  subsequent  settlement, 
varying  from  0.1  to  0.45%  of  the  height,  the  maximum  settlement  at 
any  point  being  0.366  ft.,  where  the  dam  is  84  ft.  high. 

The  dam  design  was  approved  by  the  Director  and  the  Chief 
Engineer  of  the  Reclamation  Service,  and  by  A.  J.  Wiley,  M.  Am.  Soc. 
C.  E.,  as  Consulting  Engineer.  The  designs  were  prepared  and  the 
work  executed  under  the  general  supervision  of  Mr.  E.  G.  Hopson, 
Associate  Supervising  Engineer,  and  the  writer.  The  project  was  in 
immediate  charge  of  John  T.  Whistler,  M.  Am.  Soc.  C.  E.,  and 
the  engineering  and  construction  work  at  the  dam  was  in  charge  of 
Mr.  B.  H.  Davis.  For  the  last  two  years  the  project  has  been  in 
charge  of  H.  D.  Newell,  Assoc.  M.  Am.  Soc.  C.  E.,  who  has  directed 
the  later  work  and  measurements. 

CONCONULLY    DaM. 

This  dam  is  lower  than  the  Cold  Springs  Dam  and  contains  less 
material,  but  is  of  comparative  interest  as  it  was  built  by  the  hydraulic 
process.  It  is  located  in  Northern  Washington,  on  Salmon  Creek,  a 
branch  of  the  Okanogan  River,  which  empties  into  the  Columbia 
River.  The  dam  is  part  of  the  Okanogan  Project  of  the  United  States 
Reclamation  Service,  intended  for  the  irrigation  of  10  000  acres  of 
land  along  the  west  bank  of  the  Okanogan  River,  between  the  Towns 
of  Okanogan  and  Riverside.  The  land  lies  in  benches  above  the 
Okanogan  River,  which  has  too  flat  a  grade  to  serve  as  a  source  of 
supply.  The  water,  therefore,  is  derived  from  the  Salmon  Creek,  and 
as  the  midsummer  flow  is  very  small,  the  storage  of  flood  flow  was 
necessary. 

Part  of  the  needed  storage  (1 800  acre-ft.)  is  found  in  utilizing 
Salmon  Lake,  situated  in  a  side  caiion  just  above  the  main  reservoir. 
The  main  storage  was  created  by  the  Conconully  Dam,  the  principal 
features  of  which  are  as  follows: 
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Greatest  height  above  bottom  of  creek 

channel  66  ft. 

Width  of  valley  on  center  line  of  dam.  815    " 

Length  of  crest  of  dam 1  010    " 

Top  width 20    " 

Length  of  spillway 180    " 

Up-stream  slope :  upper  portion  2J :  1, 

lower    portion . 3:1 

Down-stream  slope 2:1 

Volume  of  dam 351  500  cu.  yd. 

Capacity    of    reservoir     above    outlet 

gates   13  000  acre-ft. 

Required  capacity  of  outlet  works.  ..  .  100  sec-ft. 

Area  of  reservoir  at  high-water  line.  .  460  acres. 

Drainage  area  above  dam 113  sq.  miles. 

The  dam  is  intended  to  store  the  waters  of  the  creek  on  which  it  is 
located,  and  is  therefore  independent  of  a  feed  canal.  The  drainage 
area  above  the  dam  is  of  distinctly  mountainous  and  forested  character, 
much  of  it  being  in  forest  reserve.  The  flow  from  Salmon  Creek  varies 
from  10  to  20  sec-ft.  during  8  months  of  the  year.  The  flood  months 
are  April,  May,  June,  and  July,  during  which  the  flow  usually  ranges 
between  100  to  300  sec-ft.  The  maximum  flow  recorded  since  1904  is 
577  sec-ft. 

Reservoir  Site. — The  dam  is  15  miles  above  the  mouth  of  Salmon 
Creek  and  immediately  below  the  junction  of  the  two  forks  called  the 
Xorth  and  the  West  Forks,  as  shown  on  Fig.  3.  The  water  in  the 
reservoir  fills  a  basin  with  a  high-water  area  of  460  acres,  the  water 
backing  up  to  the  limits  of  the  Town  of  Conconully. 

The  reservoir  is  surrounded  by  mountains  on  all  sides  except  to  the 
east  where  an  extensive  gravel  bar  exists,  which  is  probably  a  glacial 
moraine.  Without  this  bar,  the  water  from  the  reservoir  would  flow 
in  an  easterly  direction  down  Scotch  Creek.  The  bar  at  its  southern 
extremity  rests  against  the  mountain  slope  which  farther  down  forms 
the  east  abutment  of  the  dam.  The  width  of  the  bar  at  the  spillway 
crest  elevation  is  about  |  mile.  On  its  eastern  slope  small  springs 
exist,  which  give  rise  to  Scotch  Creek.  Water  first  appears  at  an  eleva- 
tion above  that  of  Salmon  Creek  on  the  west  side  of  the  bar,  although 
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most  of  the  springs  are  at  a  lower  elevation.  It  is  possible  that  these 
springs  may  result  in  part  from  seepage  from  the  creek,  but  it  is  con- 
sidered more  likely  that  they  find  their  origin  in  drainage  from  the 
mountain  side  to  the  south.     In  considering  the  possibility  of  seepage 
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through  this  bar,  from  the  rise  of  water  in  the  reservoir,  it  was  found 
that  the  average  water  grade  with  reservoir  full  would  be  about  1 :  165, 
and,  aside  from  the  fact  that  the  reservoir  side  of  the  bar  is  blanl^eted 
with   mixed   material    (including    some   surface   loam),    and   that   the 


Papers.!    TWO   EARTH   DAMS   OF   THE   U.    S.    RECLAMATION   SERVICE  481 

gravel  is  principally  made  up  of  sand,  it  was  believed  that  the  slight 
water  slope  precluded  any  possibility  of  material  losses. 

The  flow  of  Scotch  Creek  has  been  measured  to  determine  possible 
increases,  and  if  any  should  take  place,  it  will  be  easily  possible  to 
liivi'it  it  for  the  irrigation  of  the  lower  lands.  The  reservoir  water  is 
released  into  Salmon  Creek  and  picked  up  at  a  diversion  dam  about 
1 1  miles  down  stream. 

riie  reservoir  bottom  consisted  of  meadows,  and  was  covered  with 
thick  brush,  which  has  been  slashed  and  burned.  The  surface  soil  is  a 
black  sandy  loam  for  a  depth  of  4  or  5  ft.,  below  which  the  sand 
gradually  becomes  cleaner,  deeper  layers  occasionally  showing  coarser 
material,  tlie  rock  being  at  unknown  depth  both  in  the  reservoir  bottom 
and  at  the  dam  site,  wliero  soundings  were  continued  to  a  depth 
of  95  ft. 

The  dam  is  at  the  outlet  of  the  valley,  where  it  contracts  to  a 
width  of  about  1 200  ft.,  the  gap  being  further  reduced  by  a  low 
mountain  spur  from  the  west,  leaving  an  opening,  about  1  000  ft.  long, 
to  be  closed  by  the  dam,  the  spur  serving  the  purpose  of  a  spillway  by 
being  cut  down  for  a  width  of  ISO  ft.  to  the  proper  elevation. 

The  formation  of  the  hillsides  is  a  close,  heavy  granite,  but  in  the 
above  mentioned  spur  this  granite  merges  into  limestone  of  a  rather 
soft  and  seamj-  character. 

Design  of  Dam. — The  total  height  above  the  valley  bottom  to  which 
the  water  was  to  be  raised  is  about  50  ft.  The  foundation  could  not  be 
made  water-tight,  and  the  design  simply  aimed  at  a  retardation  of  the 
percolation  by  providing  a  broad  base  to  the  dam  due  to  flat  slopes,  and 
by  driving  a  row  of  sheet-piling,  running  across  the  valley,  joining  the 
rock  slopes  at  both  ends. 

Materials  Available. — I'hc  following  materials  were  available  for 
ilam  construction: 

Fine  sandy  loam  near  the  surface,  in  the  valley  bottom,  principally 

to  be  found  up  stream  from  the  dam; 
Gravel  and  sand  from  the  gravel  bar  to  the  east  of  the  reservoir, 

at  a  distance  of  from  2  000  to  5  000  ft. ; 
Talus  material  on  the  west  mountain  side,  just  below  the  dam, 
consisting   of   sand  and  silt  from  the  disintegration   of   the 
granite  rock,  mixed  with  angular  rock  fragments  of  sizes  from 
a  man's  fist  to  a  cubic  yard. 
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The  latter  material  was  selected  as  that  most  suitable  for  the  dam, 
in  connection  with  the  method  of  construction  to  be  followed. 

The  location  of  the  dam  is  quite  remote,  the  nearest  railroad 
station  being  Wenatchee,  Wash.,  105  miles  distant,  from  which  material 
can  be  shipped  by  river  steamer  to  Brewster,  whence  the  wagon  haul 
over  mountain  roads  to  the  work  is  45  miles. 

The  country  affords  practically  no  local  labor,  and  for  machine 
repairs  it  would  be  necessary  to  send  to  Spokane,  Seattle,  or  Portland. 
Thus  it  was  desirable  to  depend  as  little  as  possible  on  mechanical 
equipment,  and  to  utilize  the  local  resources  to  their  maximum  extent. 
The  use  of  the  valley  bottom  material  would  have  implied  the  installa- 
tion of  pumping  machinery,  in  connection  with  either  hydraulic  or 
mechanical  means  of  transportation,  as  the  grovmd-water  was  close  to 
the  surface.  Gravel  and  sand,  obtainable  from  the  gravel  bar  on  the 
east  side  of  the  reservoir,  would  have  necessitated  the  importation 
of  a  steam  shovel,  and  probably  railroad  equipment.  The  material 
available  on  the  steep  mountain  side  above  mentioned  could  be  had  at 
practically  any  elevation,  and  could  be  moved  by  the  hydraulic  process. 
Water  was  available  in  the  West  Fork  of  Salmon  Creek  by  diversion 
through  a  3-mile  flume,  the  creek  flow  being  50  sec-ft.  and  more  during 
April,  May,  and  June,  and  gradually  dropping  to  10  sec-ft.  in  August 
and  September.  :      j  I    ;   i 

The  pit  material,  as  revealed  by  numerous  test-pits,  appeared  to 
contain  a  sufficient  proportion  of  silt  for  producing  a  tight  core. 
Consequently,  the  hydraulicking  process  was  adopted,  and  the  dam 
was  designed  in  accordance  therewith,  the  plan  and  sections  being 
shown  on  Fig.  4. 

The  character  of  the  material  hydraulicked  in  1908  is  best  shown 
by  the  physical  analyses  (Table  3)  after  from  10  to  40%  of  material 
coarser  than  would  pass  a  7  by  13-in.  screen  had  been  eliminated. 

Much  of  the  material  hydraulicked  in  1909  and  1910  was  coarser 
than  that  from  the  1908  pit  No.  2.  On  the  whole,  the  material  was 
found  to  be  far  coarser  than  had  been  inferred  from  test-pit  examina- 
tions. 

It  was  considered  desirable  to  place  the  core  section  as  near 
forward  in  the  dam  as  practicable  so  as  to  have  it  backed  by  the 
maximum  quantity  of  more  open  material.  As  a  result,  the  central 
plane  through  the  core  has  a  down-stream  inclination.     It  was  ex- 
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pected  that  no  difficulty  would  result  from  this  position  of  the  core, 
as  it  would  be  possible  to  keep  the  down-stream  dumps  at  a  higher 
elevation  than  those  up  stream  and  thus  maintain  the  central  pond 
at  a  point  well  forward  toward  the  reservoir  side. 

TABLE  3. — Physical  Analysis  of  Material  Available  for 

CONCONULLY    DaM. 


Stop  on  sieve. 

Percentage, 

BY  Weight: 

Pass  sieve. 

Pit  No.  1. 

Pit  No.  2. 

Average  of  three  samples. 

Average  of  three  samples. 

7  by  13 

21^-in. 

15.8 

40.65 

2^ 

No.  4 

27.2 

32.69 

No.  4 

10 

18.4 

6.21 

10 

20 

11.9 

3.73 

80 

40 

3.8 

1.46 

40 

60 

14.5 

5.79 

60 

80 

3.9 

2.07 

80 

100 

2.4 

0.97 

100 

200 

6.1 

4.45 

200 

2.C 

1.98 

100.0 

100.0 

The  core  section  connects  with  the  side-hill  by  cleaning  to  bed- 
rock and  excavating  a  rock  trench  in  line  with  the  inclined  central 
core  plain.  A  drainage  trench  was  provided  at  the  down-stream  toe 
of  the  dam,  filled  with  coarse  material,  hydraulicked  in,  connecting 
with  the  old  creek  channel  below  the  dam. 

The  spillway  has  a  crest  length  of  180  ft.  and  a  crest  height 
9  ft.  below  the  top  of  the  dam,  giving  an  approximate  overflow  capacity 
of  4  500  sec-ft.,  with  5  ft.  freeboard  on  the  dam,  or  about  40  sec-f t.  per 
sq.  mile  of  drainage  area.  It  was  cut  into  the  west  ridge  and  was 
provided  with  concrete  crest  and  channel  lining,  the  point  of  discharge 
at  the  foot  of  the  hill  being  300  ft.  from  the  down-stream  toe  of 
the  dam. 

The  discharge  from  the  reservoir  is  through  a  tunnel  in  the  hard 
granite  mountain  side  on  the  east,  partly  lined  with  concrete,  in 
which  two  36-in.  common  water-works  gates  were  installed.  These 
are  set  side  by  side,  and  operated  through  a  vertical  shaft  connecting 
with  the  surface  and  well  up  stream  from  the  center  line  of  the  dam. 
The  tunnel  was  left  unobstructed,  and  the  water  stored  during  the  1909 
season  was  controlled  by  a  temporary  wooden  gate  in  the  shaft,  the 
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tinal    gates    not    being    installed    until    the    summer    of    1909.      The 
required  discharge  capacity  is  100  sec-ft. 

Construction. — Construction  was  commenced  in  the  summer  of 
1907,  during  which  year  the  following  work  was  done: 

Building  3  miles  of  feed-water  flume,  mostly  on  steep  mountain 

sides; 
Building  a  dirt  flume,  partly  on  mountain  side,  partly  on  trestle; 
Driving  and  jetting  855  ft.  of  G  by  12-in.  triple-lap,  tongued  and 

grooved,  sheet-piling,  36  ft.  long,  for  a  distance  of  33  ft.  into 

valley   bottom ; 
Excavating    395    ft.    of    8    by    9-ft.    outlet    tunnel,    partly    lined, 

through   the   east  mountain   side,   and  excavating   a   vertical 

shaft; 
Partial  excavation  of   the  si)illway  gap  in  the  ridge  at  the  west 

end  of  the  dam. 

During  the  season  of  1908,  97  000  cu.  yd.  of  material  were  sluiced 
from  the  borrow-pits,  and  tlie  spillway  excavation  was  completed  and 
lined  with  concrete.  At  the  end  of  the  season,  second-stage  flume 
trestles  were  erected. 

During  the  season  of  1909,  188  000  cu.  yd.  of  material  were  sluiced 
from  the  borrow-pits,  and  the  permanent  gates  were  installed  in  the 
outlet  tunnel. 

During  the  season  of  1910,  the  remaining  64  000  cu.  yd.  of  material 
were  sluiced,  mostly  from  the  second-stage,  and  partly  from  the  third- 
stage  flumes.    The  dam  was  completed  during  August,  1910. 

The  building  of  auxiliary  structures  presented  no  special  points  of 
interest,  and  the  following  rcuuirks  vv'ill  be  confined  to  the  hydraulick- 
ing  feature.* 

The  original  supply  flume  had  a  capacity  of  17  sec-ft.  Its  location 
is  shown  on  Fig.  5.  At  the  end  of  the  1908  season  it  was  decided  to 
increase  this  capacity  to  26  sec-ft.  Small  storage  reservoirs  were  built 
above  the  flume  intakes  to  permit  of  concentration  of  the  flow  during 
the  dry  season  for  two  shifts  or  one  shift  each  day.  The  large 
boulders  found  in  the  pit  had  to  be  liroken  by  blasting,  or  wasted,  to 
prevent  them  from  accumidating  in  the  bottom.  For  this  reason  two 
pits  were  kept  in  operation  alternately. 

*  A  (lescriotion  by  the  writer  of  the  details  of  the  hvdraulicking  work  during  the  year 
19()S  was  publfshed  in  The  Engineering  Record,  April,  11'09. 
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The  feed-water  was  led  down  the  mountain  side  through  14-in. 
No.  16,  steel,  slip-joint  pipes,  one  line  of  pipe  for  each  borrow-pit, 
and  was  used  partly  by  the  giant,  which  consumed  from  1^  to  5^  sec-ft., 
through  nozzles  changed  from  2  to  3J  in.  in  diameter,  as  required. 
The  water  was  supplied  under  a  pressure  due  to  the  difference  in 
elevation  of  the  feed-flume  and  the  bottom  of  the  pit,  which  difference 
ranged  from  129  to  169  ft.  for  the  first  stage,  and  from  114  to  140  ft. 


Fig.  5. 

for  the  second  and  third  stages.  A  flow  of  from  2  to  3  sec-ft.  was 
delivered  under  pressure  through  a  4-in.  pipe  at  the  head  of  the 
borrow-pit  dirt  flume  near  its  bottom,  serving  as  push-water.  The 
remainder  of  the  available  water  was  used  as  push-water  at  the  point 
where  the  pit  flume  dropped  its  load  into  the  main  dirt  flume.  A 
small  quantity  of  water,  however,  was  allowed  to  enter  the  pit  at  its 
upper  end  on  a  level  with  the  supply  flume,  in  order  to  cause  the  fine 
upper  material  to  slide  in  from  above. 


PLATE   XXXVII. 

PAPERS,   AM.  SOC.  C.   E. 

APRIL,   1911. 

HENNY  ON 

TWO  EARTH   DAMS  OF  THE 

U.  S.   RECLAMATION  SERVICE. 


Frr,.  1. — Skcoxd-Stage  Pli'mes  and  Artificial  Core,  CoNCONaTLLV  Dam. 


Kk;.    •_'. — 'I'iiii!I)-Stage    Pr.rMES,    Conconully    Dam. 


Papers.]    'j^wo    EAKTII    DAMS   OF   THE   U.    S.    RECLAMATION    SERVICE   487 

A  7  by  13-iii.  screen  was  used  at  the  head  of  the  pit  flume  during 
(lie  190S  season,  to  exclude  large  rock,  but  its  use  was  discontinued 
after  the  water  supply  was  increased. 

The  main  dirt  flume  ran  along  the  lower  edge  of  the  pits  opposite 
the  point  on  the  dam  equidistant  from  its  ends,  and  then  proceeded 
on  a  high  trestle  from  the  mountain  side  to  the  dam.  On  reaching 
the  dam,  the  main  flume  connected  on  either  side  with  two  lateral 
llumes  near  the  down-stream  toe  of  the  dam,  and  continued  to  similar 
Humes  close  to  the  up-stream  toe.  When  the  dam  was  built  up  to 
the  elevation  of  the  first  lateral  flumes,  the  main  trestle  was  raised 
29  ft.,  and  was  connected  with  a  new  flume  laid  along  the  mountain 
side,  while  the  new  lateral  flume  trestles  were  built  closer  to  the 
center  line  of  the  dam.  In  the  final  finishing  of  the  dam,  a  single 
flume  was  built  on  trestle  near  the  center  line. 

The  main  dirt  flume  was  built  with  wooden  sides  slightly  inclined 
outward,  and  with  a  curved  bottom  of  No.  10  mild  steel  with  a  12-in. 
radius.  The  width  at  the  top  was  2  ft.  9  in.,  and  the  total  depth 
2  ft.  3  in.    The  velocity  of  the  water  ranged  from  14  to  18  ft.  per  sec. 

It  soon  became  apparent  that  the  angular  rocks  sliding  on  the 
bottom  caused  serious  wear,  and  when  11 000  cu.  yd.  had  been 
delivered,  many  holes  had  been  worn  within  a  strip  in  the  center  6  in. 
wide,  the  steel  higher  up  showing  little  wear.  The  flume  was  then 
given  a  flat  wooden  bottom  16  in.  wide,  and  lined  with  No.  10 
mild  steel,  which  stood  the  wear  far  better. 

At  the  end  of  the  first  season,  when  it  was  decided  to  increase  the 
water  supply  from  15  to  26  sec-ft.,  the  dirt  flume  was  rebuilt  to 
rectangular  shape,  with  a  bottom  30  in.  wide  and  lined  with  J-in. 
high-carbon  steel,  and  2T-in.  sides  lined  for  the  lower  6  in.  with  No.  10 
mild  steel.  The  heavier  and  harder  steel  answered  the  purpose  satis- 
factorily, and  lasted  through  the  delivery  of  252  000  cu.  yd.  of 
material,  showing  serious  wear  only  at  the  butt  joints. 

The  flumes  had  4%  grades,  except  the  short  borrow-pit  flumes,  which 
had  8%  grades,  and  the  third-stage  flumes  for  the  finishing  of  the  dam, 
which  for  part  of  the  distance  back  had  a  3%  grade. 

The  material  was  discharged  from  delivery  points  at  the  dam  in  two 
rows  of  cones,  forming  ridges,  the  principal  ridge  being  along  the 
down-stream  slope.  By  deflecting  screens,  gratings,  spouts,  and  other 
means,  the  coarsest  material  was  discharged,  as  far  as  possible,  out- 
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ward,  and  the  finer  material  inward,  toward  the  pond  maintained 
between  the  two  ridges.  The  surplus  water  from  the  pond  was  drawn 
off  on  the  reservoir  side  through  flumes  near  the  ends  of  the  dam, 
which  were  alternately  raised  6  in.  at  a  time,  the  pond  being  main- 
tained at  a  depth  of  from  12  to  18  in. 

The  material  settling  in  the  pond  consisted  of  very  fine  sand  and 
silt,  the  coarser  sand  and  gravel  coming  to  rest  on  the  sloping  sides 
of  the  pond,  and  the  large  rock  dropping  vertically  and  sliding  down 
the  cone  slopes.  The  pond  at  first  was  quite  wide,  but,  as  elevation 
was  gained,  it  narrowed  up  to  such  an  extent  that  in  spite  of  skillful 
handling,  the  sloping  coarse  sand  layers  would  at  times  extend  well 
into  the  puddle  section  and  sometimes  clear  across  it.  Such  layers 
were  broken  up  by  systematic  stirring  with  paddles,  but  when  this 
tendency  to  stratification  became  more  marked  and  could  not  be  satis- 
factorily prevented  or  counteracted,  it  was  decided  to  introduce  an 
artificial  core  with  puddling  material  from  other  sources.  The  sur- 
face material  in  the  valley  below  the  dam,  consisting  of  black,  loamy 
sand,  was  well  suited  to  form  a  core.  This  material  was  hauled  in  by 
scrapers  on  an  up-hill  road,  dumped  on  a  platform  and  washed  into 
the  dam  through  an  8-in.  pipe.  In  order  to  insure  against  stratifica- 
tion across  this  core,  two  wooden  diaphragms  were  built  of  2  by  4-in. 
studding  and  1-in.  boards,  which  were  first  given  a  vertical  position 
and  made  to  step  back  in  sections,  so  as  to  have  their  center  plane 
correspond,  as  nearly  as  possible,  with  the  center  plane  of  the  general 
core,  but  which  were  later  built  in  a  sloping  position.  Thus,  while 
the  material  from  the  upper  borrow-pits  was  hydraulicked  in  on  the 
slopes,  the  core  material  was  washed  in  through  the  8-in.  pipe  between 
diaphragms.  The  artificial  core  was  started  at  an  elevation  14  ft. 
above  the  general  base  of  the  dam  in  the  late  spring  of  1909,  and  was 
continued  about  39  ft.  up  to  the  high-water  line.  It  contains  in  the 
aggregate  11  600  cu.  yd.,  and,  owing  to  the  long  haul  of  about  1  000  ft. 
on  a  7%  up-grade,  and  also  to  the  necessity  of  using  a  large  quantity 
of  lumber  for  diaphragms,  its  cost  was  quite  high. 

The  coarse  rock,  as  dumped  on  the  outer  slopes,  was  of  sufficient 
size  to  serve  as  rip-rap,  but  it  did  not  prove  possible  to  deposit  it  to 
final  slopes  by  the  use  of  water  alone,  and  after  hydraulicking  was 
completed,  it  required  a  large  amount  of  hand-work  to  obtain  reason- 
ably good  slopes. 
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As  tlic  (luantity  of  rock  found  in  the  borrow-pits  was  larger  than 
had  boon  ostiniated,  the  relative  quantity  of  rock  on  the  water  slope 
became  sufficient  to  justify  the  steepening  of  this  slope  from  3:1,  as 
had  been  originally  designed,  to  2^ :  1  for  the  upper  26  ft.  of  the  dam, 
as  shown  by  the  dotted  lines  in  the  central  section  on  Fig.  4. 

The  dam  was  built  with  a  super-elevation  of  1  ft.  across  the  valley, 
equivalent  to  nearly  2%  of  its  height.  In  view  of  the  hard  pounding 
and  washing  which  the  material  received  in  being  dumped,  and  the 
prevalence  of  sand  and  gravel,  this  provision  may  seem  excessive. 
During  the  progress  of  construction,  however,  it  was  found  that  as 
the  load  came  on  the  base,  considerable  settlement  occurred  in  the 
trestles,  due  apparently  to  a  compacting  of  the  fine  loamy  sand  in  the 
foundation.  The  amount  of  this  settlement,  extending  over  the  last 
560  days  of  construction,  is  shown  on  Fig.  6  by  contour  lines,  the 
maximum  settlement  being  3.9  ft.,  and  occurring  along  the  old  creek 
bed.  In  total  volume,  this  settlement  amounted  to  15  500  cu.  yd.,  and 
while  it  may  have  ceased  on  the  completion  of  the  dam,  it  was  deemed 
wise  to  finish  to  the  super-elevation  above  mentioned. 

Careful  watch  was  kept  for  possible  evidence  of  a  swelling  up  of 
the  ground  surface  beyond  the  toes  of  the  dam,  but  none  was  observed. 

The  degree  of  effectiveness  of  the  sluicing  for  each  season  is  shown 
in  Table  4. 

TABLE  4. — Sluicing  Conconully  Dam. 


Season. 

Hours 
actually 
sluiced. 

Hours 
lost. 

Average 
water 
supply. 

Cubic 

yards 
from 
borrow- 
pits. 

Average 
cubic 

yards 
per  hour 

sluiced. 

Average 
percentage 
of  material 

carried. 

April  aSd-October  15th.  1908... 

••      14th-November  13th,  1909. 

March  81st-June  24th,  1910 

1  935 

2  892 
1  154 

231 
564 
297 

13.2 
20.2 
22.3 

97  165 

188  300 

64  900 

50.2 
65.1 
55.4 

2.85 
2.42 

1.87 

5  981 

1092 

The  decreasing  percentage  of  material  carried  by  the  water,  in 
spite  of  increasing  skill  and  larger  water  supply,  is  due  to  the  increas- 
ing proportion  of  coarse  rock  in  the  borrow-pits.  It  will  be  observed 
that,  of  the  total  7  073  hours  of  sluicing,  1  092  hours,  or  about  15%, 
were  lost.  This  was  due  principally  to  clogs  in  the  dirt  flumes,  and  in 
part  also  to  breaks  in  the  feed  flume,  and  to  the  necessity  of  replacing 
tlie  dirt  flume  bottoms. 
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The  largest  output  in  any  one  day  was  181  cu.  yd.  per  hour,  at 
which  time  the  water  carried  5.3%  of  solids.  The  largest  rocks  carried 
in  the  flume,  with  25  sec-ft.  flow,  weighed  250  lb. 

The  waste-water  from  the  pond  did  not  run  out  perfectly  clear,  but 
contained  from  0.1  to  0.2%  of  silt,  which  sometimes  rose  to  0.5  per  cent. 
The  total  loss  of  silt  from  this  cause  during  the  entire  work  is  esti- 
mated at  20  000  cu.  yd. 

The  segregating  effect  of  the  water  caused  an  increase  of  dam 
measurement  over  borrow-pit  measurement,  possibly  offset  in  part  by 
a  shrinkage  where  sand,  gravel,  and  rock,  with  some  silt,  happened  to 
be  well  mixed  in  the  dump  pile.  The  swell  in  volume  during  the  first 
season  was  estimated  at  12%,  but,  for  the  completed  work,  a  lower 
percentage  is  computed,  as  follows: 

Sluiced  from  side-hill  borrow-pits 349  455  cu.  yd. 

Loss   in   waste-water 20  000    "      " 


Remaining  in  dam,  pit  measurement.  ..  .    329  455  cu.  yd. 
"Volume    of    dam    above 

original   surface....    336  000  cu.  yd. 
Volume    of    dam    below 

original    surface....      15  500    "      " 


Total  volume  of  dam . .  .    351  500  cu.  yd. 
From  valley  pits 11  600    "     " 

From  side-hill  pits,  bank 

measurement    339  900  cu.  yd. 

Swell,  3.2% 10  445  cu.  yd. 

^fany  physical  analyses  were  made  of  the  material  in  the  tight 
section  of  the  dam,  of  which  those  in  Table  5  are  representative. 

Table  6  contains  the  results  of  a  few  percolation  experiments  which 
were  made. 

The  temperature  was  not  noted  continuously,  but  was  subse- 
quently reported  to  have  averaged  approximately  70°  Fahr.  A  correc- 
tion has  been  applied  on  the  basis  of  Hazen's  formula,  and  the  figures 
in  Table  G  are  on  a  basis  of  50°  temperature. 
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TABLE  5.- — Physical  Analyses. 


Pass 

Stops 

Percentage 

BY  Weight 

on 

No. 

No. 

A 

B 

C 

D 

E 

F 

4 

0 

0 

8.45 

6.40 

0 

0 

4 

10 

0.52 

0.16 

6.70 

9.38 

0.56 

0 

10 

20 

1.03 

0.37 

11.15 

16.60 

3.31 

0 

20 

40 

0.76 

2.34 

23.59 

12.36 

7.03 

(1.50 

40 

60 

7.68 

10.66 

15.52 

43.45 

10.16 

0.58 

60 

80 

12.21 

8.16 

9.65 

5.75 

12.69 

0.64 

80 

100 

7.70 

5.83 

2.41 

1.73 

6.25 

0.58 

100 

200 

33.70 

36.99 

12.60 

2.93 

29.14 

19.00 

200 

36.48 

35.49 

9.93 

1.50 

30.86 

78.50 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

1.    ,      .    i 

Average ) 

(  Average 

) 

[-5  +  50  j 

of  5    y 

samples  ) 

•<     of  3 
1  samples 

V  9  +  00 

3  +  80 

1  +  10 

Elevation 

2  352 

2  243 

2  251 

3  253 

2  269 

2  269 

Source 

Side-hill  I 

orrow-pits. 

Valley  borrow-pits. 

Coarse 

Pure  silt. 

sand  found 
stratified 
in  core. 

Fine,  black,  sandy 
loam. 

TABLE  6. — Percolation  Experiments,  Conconully  Dam. 


Sample. 


Percolation  rate,  in  gallons  per 
acre  per  day  :  3  ft.  ot  material 
under  a3-ft.  head. 


Rate  observed  at  end  of 
following  period. 


Material  Deposited  in  Dry,   Loose   Condition   in   Tank. 


A 

561000 

12  hours. 

D 

16  600  000 

%       " 

K 

98  000 

23       " 

F 

13  300 

63      " 

Material  Packed  in  Tank  in  8-in.  Layers  with  Iron  Concrete 

Tamper. 

E 
F 

34  700 
4  500 

39  hours. 
18      " 

The  high  rate  of  percolation  in  the  fine  silt.  Sample  A,  is  surprising, 
even  though  the  material  was  not  compacted  in  the  tank  except  in  so 
far  as  it  settled  hy  subsequent  admission  of  water.     Samples  D  and  E 
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showed  one-third  the  rate  of  percolation  when  tamped,  as  compared 
with  being  put  in  loose,  and  if  this  ratio  be  likewise  applied  to 
Sample  A,  a  rate  might  have  been  noted  of  nearly  190  000  gal.  per  day. 

The  sandy  loam,  represented  by  Samples  E  and  F,  may  be  con- 
sidered water-tight.  Sample  E  was  taken  closer  to  the  point  of  dis- 
charge than  Sample  F,  and  averaged  coarser,  which  explains  the  high 
rate  of  percolation. 

Eeferring  again  to  core  silt,  as  per  Sample  A,  the  effect  of  com- 
pacting by  superincumbent  weight  would  probably  reduce  its  rate  of 
percolation,  there  being  no  apparent  reason  why  this  material,  when 
well  packed  and  with  surplus  water  squeezed  out,  should  not  be  as  tight 
as  clay. 

SECTION  OF    MATERIAL   PLACED  IN  DAM 
AND   ITS  DISTRIBUTION 


Crest  Width  20 
Lateral -2uil  Stagey, 


311.2    3id  Stage  Flume  ^ag  Grade 
2ud  Stage  Flume  Uf-  Oiade'"' 


Draiu  Trench 
Mn'x.  Heicht  of  Ilnm  Rft' 
-  Sheet  Uliog 

Fig.  7. 

The  results  with  Sample  D,  which  was  taken  from  a  coarse  sand 
layer  which  had  penetrated  the  silt  core,  shows  the  absolute  necessity 
of  avoiding  stratification,  and  justified  the  additional  expense  involved 
in  the  adoption  of  the  artificial  core. 

The  distribution  of  the  material  in  the  dam  as  built  is  fairly  repre- 
sented by  the  cross-section.  Fig.  7,  which  also  shows  the  stages  of  com- 
pletion at  the  end  of  each  season,  and  may  with  advantage  be  com- 
pared with  the  central  section  on  Fig.  4,  showing  the  original  design. 

Cost. — The  total  cost  of  the  reservoir,  arranged  by  its  principal 
features,  is  shown  in  Table  7. 

The  items  in  Table  7  include  all  charges  for  administration, 
engineering,  and  general  expenses.  The  cost  of  puddle  core  includes 
lumber  for  diaphragms. 

The  total  material  in  the  dam  is  351  500  cu.  yd.  and  the  combined 
cost  of  hydraulicking  and  puddle  core  is  $178  522,  making  the  average 
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cost,  on  the  basis  of  bank  measurement,  50.8  cents  per  cu.  yd.,  includ- 
ing lumber  for  core  and  all  overhead  charges,  but  exclusive  of  the  cost 
of  sloping. 

TABLE  7. — Cost  of  Conconully  Dam. 


Hydraul- 
icking. 

Main 
dam. 

Total. 

Cost  per  Cubic  Yard, 
Bank  Measurement. 

Side-hill 

pits, 

339  900 

cu.   yd. 

Bottom 

pits, 

11  600 

cu.  yd. 

$7  652 

Main  dam: 

$965 

936 

1862 

13  982 

Hydraulicking: 

Plant             

$69  099 
11  783 
74  755 

20.33  cents. 

3.47      " 
21.99      " 

155  637 

22  885 
8  465 

Total  

45.79  cents. 

$1.97 

1382 

208  219 
23  114 
34  613 
2  827 
30  977 
19  028 

13  000  acre-ft ,  at  $24.95 

$324  325 

The  details  of  the  cost  of  hydraulicking  are  shown  in  Table  8. 
The  prices  paid  for  labor  were  as  follows : 

Common  labor $2.25  to 

Pitmen     2.75  to 

Giant    men 3.00 

Powder  men 3.00 

Carpenters     4.00  to 

Foremen    5.00 


J.50  for  8  hours. 
5.00     "     "       " 


4.50 


It  will  be  noted  that  the  steel  lining  cost  4.25  cents  for  material, 
and  1.48  cents  for  replacing,  or  a  total  of  5.73  cents  per  cu.  yd.  of 
sluiced  material  in  the  dam. 

Results. — During  the  season  of  1909  after  danger  from  flood  was 
past,  water  was  allowed  to  rise  against  the  dam  to  Elevation  2  253.3, 
or  17  ft.  above  the  valley  bottom.  As  the  dam  was  still  unfinished 
with  the  opening  of  spring  in  1910,  it  was  necessary  to  observe  great 
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TABLE  8. — Cost  of  Hydraulicking^  Conconully  Dam. 
Plant. 


Feed  supply  dams  and  flumes 

lUrt  thimes'iuul  trestles,  exclusive  of  flume  lining.. . 

Steel  liiiiiii; 

I'ipt's.  K''>"'s.  and  hose 

Kleet lie  li^'it  plant 

rroportioiuite  share  of  camp  buildings 

Superintendence 

Administration,  engineering,  and  general  expenses 

Less  value  of  plant  on  hand 


Cost,  in  cents  per 

cubic  yard. 

$17  140 

5.04 

20  128 

5.94 

14  964 

4.40 

3  735 

1.09 

1250 

0.37 

1  116 

0.33 

5  076 

1.49 

7  805 

2.29 

$71  204 

20.95 

2  105 

0.62 

$69  099 


20.33 


Supplies. 


Tools 

Rubber  boots  and  clothing 

PowdtM-  and  e.Kplosives 

rropoTtiiiuate  share  of  camp  buildings 

Siiperintcuileiice 

Administratiou,  engineering,  and  general  expenses 


$3  150 

2  700 

4  793 

170 

776 

1  194 


0.63 
0.80 
1.41 
0.05 
0.23 
0.36 


$11783 


3.48 


Labor. 


Totals. 


Cost,  in  cents  per 

cubic  yard,  bank 

measurement. 


Foremen 

Building  road  to  pit 

Cleuriu;;  horrow-pit 

Feed-supply  flume  tenders 

Giant  men 

Pit  men 

C'liMfins  pit  of  rock 

Buililiug  lateral  flume  in  pit 

Haulin;;  and  laying  pipe  in  pit 

Dirt  tlunie  tenders 

Lalmr.  steel  lining 

Spri-ading  material  and  puddling  in  dam 

( 'aipenters  on  dam  and  flumes 

Blacksmith 

<  >|itMatiiiL'  litrht  idant 

Tr.iii--pi>rtal  inn  laborers 

I>isiiiaiilhn^c  jilant 

Propiirtioiiate  charge  for  camp  buildings 

Superintendence 

.\dminist ration,  engineering,  and  general  expenses 


$4  274 
571 
547 

7  261 
2  365 

13  232 

8  358 
963 

2  707 
7  748 
4  975 
1  354 

3  915 
944 
767 

1308 

936 

998 

4543 

6  989 


874  755 


1.25 
0.17 
0.16 
2.14 
0.70 
3.89 
2.46 
0.28 
0.79 
2.28 
1.46 
0.40 
1.15 
0.27 
0.24 
0-.S8 
0.28 
0.29 
1.34 
2.06 


21.99 


496   TWO    EARTH   DAMS   OF   THE   U.    S.    RECLAMATION    SERVICE    [Papers. 

caution  in  permitting  storage  until  the  work  had  reached  spillway 
height  elevation.  Thus,  storage  could  not  be  commenced  at  an  early 
date,  and  the  reservoir  was  not  filled  during  1910  to  an  elevation 
higher  than  2  271.5,  or  about  33  ft.  above  the  valley  bottom,  and  about 
15.5  ft.  below  spillway  height. 

A  small  spring  existed  at  the  down-stream  base  of  the  spillway 
ridge,  midway  between  the  west  end  of  the  dam  and  the  discharge 
end  of  the  spillway,  which  had  been  kept  under  close  observation,  it 
being  deemed  probable  that  it  might  be  supplied  from  ground-water 
from  the  up-stream  side  of  the  spillway  ridge.  This  view  was  con- 
firmed when  the  flow  increased  during  the  1909  season  from  its  previous 
steady  flow  of  0.115  sec-ft.,  to  0.21  sec-ft.  as  the  water  rose  17  ft. 
above  the  valley  bottom,  after  which  it  dropped  back  to  its  original 
amount  as  the  reservoir  was  gradually  emptied. 

During  1910  the  water  rose  to  33  ft.  against  the  dam,  and  the  flow 
of  the  spring  increased  to  0.52  sec-ft.,  after  which  it  dropped  back  to 
0.10  sec-ft.,  or  slightly  less  than  its  original  flow.  When  the  water 
in  the  reservoir  reached  Elevation  2  260,  or  22  ft.  against  the  dam, 
during  the  1910  season,  new  springs  made  their  appearance  near  the 
foot  of  the  spillway,  away  from  the  dam,  the  water  apparently  com- 
ing along  a  line  of  juncture  between  limestone  and  granite.  The 
flow  gradually  increased  to  0.99  sec-ft.,  with  the  reservoir  water  at 
2  271.5,  and  ceased  after  the  reservoir  water  had  dropped  back  to 
Elevation  2  260.  About  one-half  of  the  above  flow  came  from  a  single 
point. 

It  should  be  stated,  in  this  connection,  that  the  excavation  for 
the  spillway  revealed  a  rather  unsatisfactory  rock,  with  seams  and 
lines  of  juncture  between  various  formations,  passing  clear  through 
the  ridge.  The  excavated  material  broke  up  quite  fine,  and  was  dumped 
against  the  reservoir  slope  of  the  ridge,  but  was  not  rolled  or  com- 
pacted in  any  mechanical  way.  It  is  not  improbable  that  this  loose 
dump  will  gradually  compact,  due  to  the  action  of  the  water,  and  may 
act  to  some  extent  as  a  blanket. 

The  springs  involve  no  special  loss  of  water,  as  the  water  in  the 
reservoir  will  be  low  until  the  commencement  of  the  flood  season, 
which  coincides  with  the  commencement  of  the  irrigation  season. 
The  water  comes  through  entirely  clear,  and  the  leakage  constitutes 
no  element  of  danger  to  the  dam  or  to  the  spillway. 
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The  flow  from  Scotch  Creek,  at  the  eastern  base  of  the  gravel  bar 
to  the  east  of  the  reservoir,  has  remained  stationary,  flowing  at  the 
rate  of  0.75  sec-ft.  at  the  point  where  measured,  a  mile  below  the 
upper  springs,  except  that  it  varied  slightly  and  rose  to  0.86  sec-ft. 
after  heavy  rains,  and  independent  of  the  elevation  of  water  in  the 
reservoir. 

Some  water  was  flowing  near  the  toe  of  the  dam  during  the  process 
of  hydraulicking.  Since  the  work  stopped  the  flow  has  been  measured 
and  has  fallen  from  0.61  sec-ft.  on  July  30th,  to  nothing  on  September 
10th,  the  reservoir  in  the  meantime  being  emptied.  To  what  extent 
this  flow  indicates  leakage  through  or  under  the  dam,  or  may  be 
attributable  to  a  draining  out  of  the  dam  itself,  is  as  yet  uncertain. 

The  dam  may  be  considered  as  a  loose  rock  and  gravel  structure 
with  a  puddle  core.  Some  stratification  may  have  occurred  before  the 
artificial  core  was  started,  which  would  undoubtedly  lead  to  some 
seepage.  It  is  also  possible  that  the  sheet-piling  may  not  make  an 
entirely  satisfactory  connection  with  the  side-hill  rock,  although  the 
piles  were  driven  to  contact  with  the  rock  as  hard  as  was  feasible. 

The  construction  of  the  dam  consumed  more  time  than  was  ex- 
pected, due  largely  to  a  smaller  carrying  capacity  of  the  hydraulick- 
ing water  than  had  been  estimated,  resulting  from  the  large  percentage 
of  rock  in  the  pits.  The  aggregate  contents  of  the  pits  were  barely 
suflicient  for  completing  the  dam,  and  left  no  margin  of  choice  in 
materials. 

The  design  of  tlie  dam  was  approved  by  the  Director  and  the 
Chief  Engineer  of  the  Reclamation  Service,  and  also  by  Mr.  A.  J. 
Wiley,  as  Consulting  Engineer.  The  designs  were  made  and  construc- 
tion work  was  commenced  under  the  general  supervision  of  Mr.  E.  G. 
Hopson,  as  Associate  Supervising  Engineer,  and  the  writer,  and  was 
completed  under  the  supervision  of  Mr.  C.  H.  Swigart.  The  project 
was  in  immediate  charge  first  of  C.  Andersen,  M.  Am.  Soc.  C.  E.,  and 
later  of  Mr.  Ferd  Bonstedt,  and  the  work  was  in  personal  charge  of 
Mr.  Lars  Bergsvik,  with  O.  Laurgaard,  M.  Am.  Soc.  C,  E.,  as  Engineer. 

Other  Eautii  Dams  ov  the  United  States  Reclamation  Service. 

It  may  be  interesting  to  make  comparison  with  sections  of  other 
earth  dams  built  or  being  built  by  the  Reclamation  Service.  Fig.  8 
shows  cross-sections  of  the  following  dams: 
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Clear   Lake       Dam,  Klamatli  Project,  Oregon-California. 

Bumping  Lake     "  Yakima  "  Washington. 

Snake   River  "  Minidoka  "  Idaho. 

Deer   Flat  "  Boise  "  Idaho. 

Belle  Fourche       "  Belle  Fourche  "  South   Dakota. 

Avalon  "  Carlsbad  "  New  Mexico. 

Pathfinder  Dike,  North  Platte  "  Wyoming. 

It  will  be  noted  that  every  cross-section  shows  open  drainage 
material  on  the  down-stream  side,  with  the  single  exception  of  the 
Belle  Fourche  Dam,  which  is  built  entirely  of  clay,  the  nearest  gravel 
being  5  or  6  miles  distant. 

The  absence  of  core-walls  is  also  a  general  feature,  barring  the 
Pathfinder  Dike  and  the  Avalon  Dam.  In  the  former  a  core-wall 
was  adopted  because  of  the  uncertainty  as  to  the  tightness  of  the 
available  material,  which  had  to  be  obtained  from  such  scanty  earth 
cover  as  could  be  found  in  the  vicinity  of  the  dam,  or  from  the  break- 
ing up  of  the  gravel  hardpan,  which  is  the  only  material  of  which 
large  quantities  were  at  hand. 

The  Avalon  Dam,  as  a  part  of  a  private  irrigation  system,  had 
twice  failed.  The  first  failure  was  due  to  over-topping.  The  cause  of 
the  second  failure  is  not  known.  Parties  having  some  familiarity 
with  the  conditions  deny  that  the  second  failure  was  due  to  burrowing 
animals.  The  possible  cause  may  have  been  the  presence  of  a  con- 
siderable quantity  of  soluble  gypsum  in  the  earthy  material  in  the 
dam,  which  in  canal  banks  has  caused  much  trouble,  and  the  menace 
of  which  is  removed  by  the  core-wall. 

A  water  slope  of  3 :  1  predominates,  the  Belle  Fourche  Dam  being 
the  most  notable  exception,  the  slope  in  that  case  being  2 : 1  and  being 
faced  with  8-in.  concrete  slabs  laid  on  a  bed  of  gi'avel. 

Most  of  the  dams  mentioned  above  have  been  built  by  the  ordinary 
spreading,  sprinkling,  and  rolling  method,  which  for  briefness  may  be 
referred  to  as  the  mechanical,  as  compared  with  the  hydraulic  method. 

In  the  Minidoka  Dam,  the  earth  facing  of  the  loose  rock  was 
mechanically  moved  and  dumped.  It  was  dropped  in  water,  and 
spreading  and  rolling  were  thereby  obviated.  The  material  was  not 
subject  to  the  sorting  action  of  the  water,  and  remained  mixed  as  it 
came  from  the  pits. 
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In  the  Bumping  Lake  Dam,  the  material  was  moved  mechanically 
to  the  slopes,  mostly  by  dump-cars,  and  was  washed  by  water-jets 
supplied  from  hose-nozzles.  The  large  cobbles,  and  considerable  gravel 
remained  in  place,  while  the  sand  and  silt  moved  into  the  center, 
the  coarse  sand  settling  on  the  inner  slopes  and  the  fine  sand  and 
silt  in  the  central  pond. 

Hydraulic  Versus  Mechanical  Method  of  Dam   Construction. 

The  hydraulic  process  has  been  used  during  the  last  few  years 
on  numerous  dams,  especially  in  the  West.  It  appears  to  have  decided 
advantages  where  circumstances  render  it  applicable,  as  has  been  fully 
pointed  out  by  J.  D.  Schuyler,*  M.  Am.  Soc.  C.  E.  In  observing 
hydraulic  work  of  this  character,  the  writer  has  become  strongly 
impressed  with  certain  phases  of  this  subject,  which  it  may  be  oppor- 
tune to  submit  for  consideration. 

Design. — In  designing  a  dam  to  be  built  dry,  it  is  constructively 
permissible  to  place  the  water-tight  element  in  any  position  in  the 
dam,  where  deemed  best,  to  build  it  of  any  one  of  the  various  materials 
available,  or  any  mixture  of  them,  and  to  fix  for  it  any  dimensions 
desired. 

No  such  freedom  of  choice  exists  with  a  dam  to  be  built  by  hydrau- 
licking.  As  to  the  position  of  the  core  in  the  dam,  construction 
will  be  greatly  facilitated  by  placing  it  between  two  dumps,  and,  if 
intended  to  be  built  of  material  in  which  clay  predominates,  stability 
may  make  this  position  practically  necessary. 

The  core  material  may  be  obtained  from  a  special  pit,  or  may  be 
washed  into  a  pond  from  the  slopes.  In  the  latter  case  the  core  dimen- 
sions cannot  be  fixed  arbitrarily,  but  must  result  from  the  proportionate 
contents  of  pit  material,  which  it  is  difficult,  and  may  be  impossible, 
to  ascertain  definitely  in  advance. 

If  it  be  deemed  desirable  that  the  material  in  the  core  shall  be 
thoroughly  consolidated  by  drainage  and  pressure  by  the  time  the 
work  is  completed,  another  difiicult  problem  enters  into  the  design, 
as  clays  and  silts  vary  greatly  in  regard  to  their  retentiveness  of 
surplus  water.  Little  definite  information  is  at  present  available  on 
this  imiDortant  point. 

*  Transactions,  Am.  Soc.  C.  E.,  Vol.  LVIII,  p.  196. 
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Materials  in  Pits. — It  is  a  rare  occurrence  that  the  material  in 
extensive  borrow-pits  runs  uniform.  When  changes  are  encountered 
during  excavation  the  mechanical  method  of  construction  permits 
a  ready  adjustment  by  opening  other  pits,  independent  of  distance 
and  elevation,  other  than  as  affecting  cost. 

The  hydraulic  method,  while  more  dependent  on  suitable  propor- 
tions in  pit  material,  is  less  elastic  in  adapting  itself  to  changing  and 
unexpected  conditions,  as  pits  must  be  located  above  a  certain  inclined 
plane,  in  which  dirt  flumes  can  be  built,  unless  at  the  expense  of  gen- 
eral reconstruction  and  the  possible  addition  of  pumping. 

Variation  of  Materials  in  Pits. — When  the  material  from  pits  is 
handled  drj'  it  is  constantly  under  easy  inspection,  and  the  disposi- 
tion of  the  various  materials  can  be  readily  controlled.  If  at  any 
time  the  more  open  materials,  intended  for  the  drainage  part  of  the 
dam  should  preponderate,  that  part  of  the  dam  can  be  made  to  advance 
for  a  short  time  ahead  of  the  remainder. 

With  the  hydraulic  process  such  adaptation  is  difficult,  and  at 
times  not  feasible,  as  the  ponds  must  be  maintained  as  slowly  rising 
levels.  At  a  certain  stage  of  the  work  operations  may  be  well  adjusted 
to  the  momentary  proportions  as  they  are  sluiced  in,  when  an  unusually 
coarse  part  of  the  pit  may  be  reached,  and  a  large  excess  of  sand  and 
gravel  may  be  dumped  before  the  necessity  is  realized  of  a  more 
rapid  change  of  discharge  points.  The  sand  slope  will  then  build 
itself  forward  into  the  puddle  pond,  at  first  not  visibly  because  it  is 
below  the  surface  of  the  muddy  water,  and,  especially  when  the  silt-core 
narrows  up  toward  the  top  of  the  dam,  any  stratification  which  may 
occur  may  easily  reach  through  the  core.  Again,  an  excess  of  clay 
or  silt  may  be  encountered  in  the  pit,  which,  if  sluiced  in  for  too 
great  a  length  of  time,  may  give  rise  to  a  layer  in  the  dam,  such  as 
may  produce  local  slides. 

The  writer  has  heard  it  argued  that  the  silt-laden  water  flowing 
over  sandy  layers  in  the  core  will  cause  the  silt  to  penetrate  the  sand, 
but  he  has  never  found  this  to  be  the  case,  unless  the  sand  had  been 
actually  picked  up  by  the  current.  Over  and  over  again  he  has  found 
clean  layers  of  sand  reaching  out  into  the  silt  core  without  any  ap- 
parent mixing,  and  the  fact  that  the  pond  may  at  a  certain  stage  be 
tight  vertically,  by  no  means  proves  that  the  material  below  is  not 
subject  to  leakage  horizontally.    The  above  is  in  accord  with  the  gen- 


502   TWO   EARTH   DAMS   OF   THE   U.    S.    RECLAMATION    SERVICE    [Papers. 

eral  occurrence  of  pure  sand  strata  in  alluvial  lake  deposits,  alternat- 
ing with  layers  of  silt. 

Chai-acter  of  Core  Material.- — Masonry,  clay,  and  earth  mixtures 
have  their  peculiar  advantages  for  use  in  cores,  and  each  in  turn  may 
be  the  best  to  adopt  in  individual  cases.  When  clay  is  used,  it  is 
generally  the  object  to  put  it  in  place  in  a  tough,  thoroughly  puddled, 
and  compact  condition,  and  to  give  it  a  position  in  the  dam,  where  it 
will  be  well  protected  from  atmospheric  influences.  Earth  mixtures  aim 
at  obtaining  tightness  by  the  use  of  coarser  materials,  such  as  broken 
rock,  or  sand  and  gravel,  mixed  with  sufficient  clay  or  silt  to  fill 
the  interstices,  thereby  securing  at  the  same  time  stability  and  free- 
dom from  shrinkage  in  case  of  drying. 

Experience  with  the  hydraulic  process  is  not  sufficiently  advanced 
to  define  with  certainty  the  thickness  of  a  clay  core  which,  if  hydrau- 
licked  into  place,  can  be  depended  on  to  become  thoroughly  compacted 
in  a  short  time  by  pressure  and  drainage.  If  clay  is  sluiced  into  a 
pond  it  arrives  in  place  in  a  super-saturated  condition,  and  the  surplus 
water  will  only  be  given  off  slowly.  If  the  mass  be  great,  the  interior 
may  remain  in  a  semi-liquid  condition  for  a  long  time,  endangering 
the  stability  of  the  entire  dam. 

The  ultimate  removal  of  surplus  water  must  be  accompanied  by 
reduction  of  the  space  occupied  by  the  clay.  This  implies  not  only 
downward  settlement,  which,  if  excessive,  is  in  itself  objectionable,  but 
also  horizontal  contraction,  causing  vertical  cracks,  which  is  highly 
undesirable  and  may  become  dangerous. 

The  writer  is  led  to  believe  from  his  experience  that  a  tough  con- 
solidated core  of  large  dimensions,  in  which  the  clay  occupies  a  mini- 
mum of  space,  cannot  be  produced  with  the  hydraulic  process  as 
usually  iDractised.  If  such  results  have  been  obtained  in  cases  which 
have  not  come  to  his  attention,  he  believes  that  a  statement  of  the 
conditions  and  of  any  special  means  of  drainage,  which  may  have 
been  used,  would  be  highly  interesting. 

As  regards  a  core  of  mixed  materials  in  reasonably  controlled  pro- 
portions, it  is  doubtful  whether  such  a  core  can  be  made  by  the  hydrau- 
lic process;  for  the  one  strongly  marked  feature  of  handling  mixed 
materials  with  water  is  that  immediately  on  the  formation  of  slopes 
active  segregation  takes  place. 

Probably  the  nearest  approach  to  a  perfect  core  of  great  thickness 
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wliic'li  call  1)1'  livdraulickcd,  is  one  composed  of  fine  sandy  silt,  such  as 
is  generally  found  in  llic  arid  West,  having  little  cohesiveness,  good 
self-drninage  qualities,  becoming  hard  and  solid  after  a  short  time, 
and  yet  being,  if  not  perfectly,  at  least  practically  water-tight. 

It"  the  core  be  built  of  whatever  fine  niaterial  is  washed  into  a  cen- 
tral pond  from  the  slopes,  there  is  danger  of  stratification,  as  pre- 
viously stated.  Opportunity  for  visible  inspection,  such  as  is  con- 
tinuiiusly  afforded  with  the  mechanical  process,  exists  only  at  infre- 
quent intervals,  when  ponds  are  drained,  and  after  large  masses  of 
material  have  been  washed  in.  Therefore,  dependence  must  be  placed 
on  sounding,  which  is  very  uncertain  in  revealing  actual  conditions. 

In  order  to  counteract  stratification,  mechanical  mixing  has  been 
attcMupted,  such  as  forcing  down  and  twisting  paddles,  having  men 
walk  through  the  pond  with  rubber  boots,  etc.  At  best  these  methods 
are  doubtful  in  their  results.  Moreover,  they  are  likely  to  be  entirely 
ineffective  if  stratification  has  proceeded  beyond  a  certain  point,  for 
even  thin  layers  of  coarse  sand  offer  considerable  resistance  to  paddling. 

Limiting  Height. — Some  of  the  foregoing  considerations  suggest 
that  with  clayey  core  materials,  the  core  thickness  which  may  be  needed 
at  the  base  of  a  high  dam  may  be  greater  than  can  be  placed  with 
safety  by  the  hydravdic  method,  by  reason  of  uncei'tainty  of  drainage 
and  proper  consolidation.  The  use  of  such  material,  in  connection  with 
bydraulicking,  would  place  a  practical  limit  on  the  heiglit  to  which 
a   dam  of  this  type  can  be  safely  built. 

With  the  same  material,  placed  mechanically,  and  without  excess  of 
water,  there  is  no  constructive  limit  to  the  feasible  core  thickness, 
and  the  height  to  which  an  earth  dam  can  be  safely  built,  as  far  as 
this  consideration  is  concerned. 

Masonry  Core. — If  a  masonry  core  is  adopted  as  part  of  the  design, 
its  construction  interferes  but  little  with  the  work,  when  carried  on 
dry.  In  case  of  bydraulicking,  however,  the  wall  divides  the  pond 
into  two  parts,  which  are  likely  to  stand  at  different  levels  and  to  sub- 
ject the  wall  to  undue  pressures  during  construction.  In  one  instance, 
the  writer  observed  a  large  hole  cut  through  a  core-wall  in  a  dam 
being  built  by  the  hydraulic  process,  apparently  for  the  sole  purpose 
of  equalizing  pressures. 

A  core-wall  prevents  the  up-stream  part  of  the  pond  from  drain- 
ing   in    a    down-stream    direction.      Should    circumstances    render    it 
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desirable  to  commence  reservoir  storage  prior  to  completion,  drainage 
requirements  compel  the  maintenance  of  a  much  greater  difference 
in  level  between  the  surface  of  the  reservoir  water  and  the  top  of 
the  completed  work  than  might  otherwise  be  safe  and  permissible  with 
mechanical  construction;  and  the  same  holds  true  if  the  dam  be  given 
an  ordinary  clay  or  silt  core. 

Drainage  Element. — Considering  rock-fill  dams  as  a  class  by  them- 
selves, there  are  few  of  the  older  earth  dams  which  possess  provision 
for  drainage  to  the  extent  of  having  their  down-stream  sections  con- 
sist of  open  material.  Such  provision  has  the  disadvantage  of  lessen- 
ing the  amount  of  tight  material  which  resists  the  flow  of  water 
through  the  dam,  and  may  thus  lead  to  increased  percolation,  but 
it  has  the  obvious  advantage  of  preventing  the  line  of  saturation 
through  the  dam.  from  intersecting  the  down-stream  slope  above  the 
lower  toe.  All  tendency  to  slough  is  thus  avoided,  which  may  in  most 
cases  be  regarded  as  of  far  more  importance  than  a  slight  increase 
in  percolation. 

The  hydraulic  process,  applied  to  mixed  materials,  is  admirably 
adapted  through  segregation  on  slopes,  to  securing  such  drainage  ele- 
ment in  the  down-stream  portion  of  the  dam,  although  a  similar  sec- 
tion on  the  up-stream  side  of  the  dam,  if  it  should  have  dimensions 
greater  than  is  necessary  for  core  protection,  may  well  be  considered 
objectionable,  and  cannot  always  be  avoided.  The  above  advantage 
becomes  of  little  consequence  where,  as  was  the  case  at  the  Cold 
Springs  Dam,  a  good  drainage  material  is  available  for  placing  econom- 
ically by  the  mechanical  method. 

rime.— The  comparative  amount  of  time  required  for  construc- 
tion must  depend  on  local  conditions,  and  each  system  may  have  the 
advantage  where  conditions  favor  it.  What  is  almost  of  equal  im- 
portance to  the  total  time  needed,  and  may  be  of  more  importance 
when  building  across  streams  subject  to  violent  floods,  is  the  ability  to 
estimate  the  required  time  closely  in  advance.  Where  mechanical 
equipment  is  used,  the  factors  affecting  time  are  generally  under 
close  control.  With  the  hydraulic  method,  the  output  is  dependent  on 
continuous  water  supply,  percentage  of  solids  carried,  and  freedom 
from  interruption  through  breaking  of  water  supply  or  clogging  of 
dirt  flumes.  Each  of  these  factors  is  likely  to  contain  elements  of 
serious  uncertainty,  to  which  may  be  attributed  the  apparent  fact  that 
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iiKiiiy  liydraulic-lill  dains  have  required  far  more  lime  for  tlieir  com- 
pletion than  had  been  originally  estimated. 

Cost. — Under  favorable  conditions,  of  sandy  silt  in  high  banks,  a 
(•ontinuous  and  abundant  water  supply  under  a  satisfactory  pressure, 
and  wtdl-adjusted  flume  grades,  the  quantity  of  material  that  can  be 
liydraulioked  in  a  short  time  is  remarkable,  the  proportion  of  water- 
carried  material  sometimes  exceeding  25  per  cent.  In  such  cases 
the  cost  per  cubic  yard  may  be  surprisingly  low. 

With  coarse  material  the  percentage  carried  by  water  is  rapidly 
cut  down,  even  with  increased  flume  grades  the  time  lost  by  clogs  may 
be  relatively  great,  so  that  the  actual  performance  may  become  small 
and  the  labor  cost  high. 

Even  with  small  labor  cost,  the  plant  charges  of  a  hydraulic  installa- 
tion, as  compared  with  mechanical  equipment,  may  be  so  high  as  to 
throw  the  balance  in  favor  of  the  dry  method  of  construction. 

Comparing  the  actual  examples  of  construction  work  described 
in  this  paper,  the  cost  per  cubic  yard  of  material  in  the  Cold  Springs 
Dam  averaged  43  cents  and  in  the  Conconully  Dam  51  cents,  both 
based  on  bank  measurement,  while  the  relative  plant  charges,  on  the 
same  basis  of  measurement,  were  approximately  12  and  20  cents, 
making  the  balance  of  the  cost  practically  alike. 

Such  comparisons  are  decidedly  dangerous,  however,  and  the  above 
should  not  be  looked  on  as  an  argument  against  possible  cheapness  of 
the  hydraulic  process.  The  mere  cost  figures  do  not  show  in  them- 
selves the  difference  in  conditions,  and,  while  it  is  true  that  at  Cold 
Springs  the  material  had  to  be  raised  and  carried  farther,  the  costs 
at  Conconully  were  greatly  affected  by  the  remoteness  of  the  location, 
the  necessity  of  stopping  work  over  winter,  and  materially  smaller 
quantities.  There  can  be  little  question  that  the  construction  at 
Conconully  under  the  existing  conditions  would  have  been  higher  in 
cost  if  any  other  than  the  hydraulic  method  had  been  used. 

The  difficulties,  above  pointed  out,  in  estimating  the  required  time 
for  hydraulic  construction  apply  equally  to  cost  estimates,  in  which 
respect  greater  certainty  can  probably  be  had  when  the  mechanical 
process  is  adopted.  This  condition  is  reflected  by  the  usual  inability 
of  obtaining  unit  contract  bids  on  hydraulic  work,  although  this  is 
undoubtedly  due  in  part  to  the  lack  of  contractors  who  have  even  a 
limited  experience  in  this  line  of  construction. 
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Conclusion.- — The  foregoing  comparison  has  been  made  in  some 
detail  to  indicate  what  are  believed  to  be  the  principal  factors,  which 
should  receive  attention,  when  the  application  of  the  hydraulic  method 
to  the  construction  of  large  earth  dams  is  under  consideration. 

It  appears  to  the  writer  that  the  hydraulic  process  has  important 
advantages  in  special  cases,  and  also  that  it  has  decided  limitations, 
not  at  present  well  defined.  Its  potential  economical  possibilities  may 
at  times  be  utilized  to  their  full  extent,  and  it  may  under  exceptional 
conditions  accomplish  results  not  otherwise  readily  obtainable. 

The  mechanical  process  has  the  important  advantage  in  the  con- 
struction of  high  earth  dams,  designed  to  contain  great  masses  of  clay 
or  material  in  which  clay  largely  predominates,  of  permitting  im- 
mediate consolidation  and  avoiding  the  dangers  from  instability  and 
possible  future  excessive  settlement  and  shrinkage,  which  may  result 
from  initial  surplus  water,  such  as  would  be  necessarily  introduced  by 
the  application  of  the  hydraulic  process. 

In  cases  of  doubt,  the  hydraulic  and  mechanical  methods  being 
equally  applicable  and  showing  little  difference  in  cost,  it  is  believed 
that  the  mechanical  method  deserves  the  preference,  by  reason  of 
greater  certainty  of  results  as  to  quality,  time,  and  cost. 
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There  has  recently  been  completed,  near  Cleveland,  Ohio,  a  con- 
crete arch  bridge  having  a  clear  main  span  of  280  ft.  and  a  rise  of 
80  ft.  The  length  of  the  structure  over  all  is  708  ft.  The  roadv^ay 
is  40  ft.  wide,  and  is  flanked  by  two  8-ft.  footwalks.  The  structure 
was  built  by  Cuyahoga  County,  over  Rocky  River,  on  Detroit  Avenue, 
and  connects  the  suburban  villages  of  Lakewood  and  Rocky  River.  It 
will  carry  a  double-track  interurban  railroad,  and  heavy  vehicular 
traffic. 

The  general  design  is  quite  similar  to  that  of  the  Walnut  Lane 
Bridge,  at  Philadelphia,  but  a  radical  departure  from  the  usual 
methods  was  made  in  the  construction,  as  steel,  instead  of  timber 
centering,  was  used  for  the  main   arch. 

The  contract  for  this  bridge  was  let  on  August  22d,  1908,  and 
prior  to  that  time,  a  contracting  firm,  desiring  to  submit  a  bid,  retained 

NOTK. — These  papers  are  Issued  before  the  date  set.  for  presentation  and  discus- 
sion. Correspondence  is  invited  from  those  who  cannot  be  present  at  the  meeting, 
nnd  may  bp  sent  by  mail  to  the  Secretary,  nispussion,  either  oral  or  written,  will 
be  published  In  a  subsequent  number  of  Proceedings,  and,  when  finally  closed,  the 
papers,  with  discussion  in  full,  will  be  published   in   Transactions. 
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the  writer  to  design  and  estimate  the  cost  of  the  centering  and  forms 
required. 

The  writer  made  preliminary  plans  for  both  timber  and  steel 
centers,  including  several  types  of  the  latter,  and  finally  decided  on 
the  use  of  the  three-hinged  arch  as  being  the  most  practicable  and 
economical.  Among  the  advantages  which  the  steel  centers  possessed 
were  the  following : 

1st. — Economy :  These  centers  were  estimated  to  be  at  least  $15  000 
cheaper  than  timber  centering  of  the  usual  type. 

2d. — Freedom  from  danger  of  being  carried  out  by  ice.  It  was 
evident  that  these  centers  would  have  to  be  in  the  river  at 
least  one  winter,  and  there  was  great  danger  of  losing  them 
if  timber  centering  of  the  ordinary  type  were  used. 

3d. — The  three-hinged  arch  is  a  statically  determinate  structure, 
and  it  was  a  simple  matter  to  compute  the  exact  stresses  and 
deflections  for  each  position  of  the  load. 

4th. — The  deflection  of  the  hinged  arch  under  load  was  found  to 
be  far  less  than  that  of  centers  of  the  truss  or  beam  type. 

As  the  use  of  steel  centers  for  the  construction  of  permanent 
masonry  arches  of  such  long  span  had  never  been  tried  before,  the 
latter  was  an  essential  consideration.  As  far  as  the  writer  is  aware, 
these  were  the  first  steel  centers  to  be  used  for  any  but  very  short 
spans. 

The  steel  centers  used  in  the  construction  of  the  150-ft.  arches 
of  the  Delaware  River  Bridge  of  the  Delaware,  Lackawanna  and 
Western  Railway  were  designed  some  months  later,  when  the  centers 
described  herein  were  well  under  way  in  the  shop. 

After  the  contract  was  awarded,  the  writer  was  instructed  to 
prepare  a  complete  design  for  these  centers. 

In  computing  the  stresses,  it  was  assumed  that  only  the  radial 
component  of  the  weight  of  each  voussoir  was  to  be  carried  by  the 
steel  centers,  and  that  the  tangential  component  would  be  carried  by 
the  timber  bows,  or  by  reinforced  concrete  struts  placed  in  the  key 
sections. 

In  carrying  out  the  work,  both  of  these  provisions  were  made,  the 
bows  being  of  sufficient  strength  to  carry  the  entire  tangential  corapo- 
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nents  of  the  loads,  and  reinforced  concrete  struts  being  also  provided, 
as  indicated  on  the  stress  diagram,  Plate  XL. 

This  assumption  has  been  criticized,  and  the  best  proof  of  its 
accuracy  which  the  writer  can  offer  is  the  fact  that  the  observed  and 
computed  deflections  corresponded  precisely,  and  they  would  not  have 
done  so  had  not  this  assumption  as  to  the  distribution  of  the  load  been 
correct.  The  bows  were  simply  laid  on  the  cross-beams,  being  left 
free  to  move  longitudinally  tlicrcon,  and  were  carefully  framed  with 
butt  joints,  so  as  to  act  as  arch  ribs. 

The  design  was  computed  on  the  assumption  that  the  arch  ring 
would  be  concreted  in  15-ft.  transverse  sections,  or  voussoirs,  and  it 
was  assumed  that  a  section  on  one  side  of  the  arch  might  be  completed 
in  advance  of  the  corresponding  section  on  the  other  side.  It  was 
also  assumed  that  the  placing  of  the  voussoirs  might  take  place  in  any 
order,  symmetrically  about  the  center.  Before  checking,  however,  the 
order  of  loading  had  been  determined,  and  the  computations  were 
based  on  the  assumption  of  such  order  of  loading. 

A  unit  stress  of  21 000  lb.  per  sq.  in.  on  medium  open-hearth 
steel  was  used,  making  the  proper  reduction  for  columns  according  to 
Gordon's  formula  for  pin-connected  columns. 

It  was  decided  to  use  bolts  instead  of  rivets  for  all  field  connections, 
in  order  to  facilitate  removal,  after  the  completion  of  the  work. 

These  bolts  were  turned  to  a  diameter  of  If  in.,  and  placed  in 
Tff-in.  reamed  holes.  All  holes  for  field  connections  were  reamed  in 
the  field,  using  pneumatic  reamers. 

The  centers  were  designed  to  be  erected  in  an  approximately 
vertical  position,  and  then  lowered  into  position  from  the  banks. 
The  contractor,  however,  preferred  to  erect  them  on  light  timber  false- 
work, wliich  was  to  be  remov^ed  as  soon  as  the  trusses  were  in  place. 
An  800-ft.  cableway,  installed  for  handling  the  concrete,  was  also 
utilized  in  erecting  the  centers,  and  in  their  removal. 

The  weight  of  steel  in  these  centers  was  approximately  400  tons, 
of  which  about  160  tons  were  steel  I-bearas  which  were  used  in  the 
completed  structure,  being  placed  across  the  opening  between  the  two 
arch  ribs,  transversely  to  the  axis  of  the  bridge,  and  encased  in 
concrete. 

The  use  of  so  large  a  pai't  of  the  steel  in  the  permanent  structure 
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was  quite  an  item  contributing  to  the  remarkable  economy   of  these 
centers.     The  cost  was  approximately  as  follows : 

Material  and  fabrication $20  000 

Freight  and  erection 5  500 

Dismantling 1  200 

Total    $26  700 

Value  of  steel  I-beams  used  in  perma- 
nent structure $7  000 

Value  of  remainder  of  structure  as  scrap 

material 2  500 

9  500 

Net  cost  of  centers $17  200 

The  above  figures,  exclusive  of  wedges,  take  no  account  of  over- 
head or  engineering  charges,  nor  the  cost  of  timber  lagging  and  moving 
the  centers,  the  latter  being  a  very  small  item. 

The  two  most  troublesome  problems  to  be  solved  were  the  provision 
for  motion  of  the  steel  arches,  due  to  temperature  changes,  and  the 
design   of  the  lowering  jacks. 

The  County  Engineer's  specifications  provided  that  the  timber 
centering  contemplated  therein  should  be  kept  wet  during  the  construc- 
tion of  the  keys,  and  the  writer's  original  intention  was  to  keep  the 
steel  centers  wet  during  the  concreting  and  setting  up  of  the  last  key 
(at  the  crown).  As  city  water  would  be  used,  and  at  a  practically 
constant  temperature  as  it  emerged  from  the  pipes,  it  would  seem  that 
by  this  means,  and  by  using  canvas  to  screen  the  steel  from  the  direct 
rays  of  .the  sun,  the  position  of  the  crown  hinge  might  be  kept  at  a 
constant  elevation  for  the  length  of  time  necessary  for  the  concrete  in 
the  key  to  harden. 

It  was  decided,  however,  that  this  was  unnecessary,  as  the  arch 
was  not  reinforced,  and  any  rise  of  the  center  hinge  would  only  serve 
to  open  up  the  voussoir  joint  at  the  crown. 

This  voussoir,  therefore,  was  concreted  on  a  cool  day,  and  the 
surfaces  of  the  two  adjacent  arch  sections  were  oiled  in  order  to 
prevent  an  immediate  bond,  so  that  there  would  be  no  danger  of  the 
key  concrete  being  prematurely  loaded;  and  the  joint  at  the  crown 
was  allowed  to  open  and  close  with  temperature  changes.  The  opening 
was  as  great  as  ^  in.  at  one  time.  The  rise  and  fall  of  the  center 
hinge  was  so  sensitive  to  changes  of  temperature,  that  Mr.  Stevens,  the 
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Resident  Engineer,  states  tliat  he  could  determine  the  temperature  of 
tlie  air  by  measuring  the  opening. 

The  computed  deflection  of  each  truss,  or  half  arch,  under  full 
load  was  2  in.,  and  the  trusses  were  cambered  this  amount.  The 
observed  deflection  corresponded  with  this  precisely.  It  is  evident 
that,  in  the  case  of  a  reinforced  arch,  it  would  have  been  necessary 
to  carry  out  the  original  intention  of  wetting  down  the  centers,  but 
it  is  difiicult  to  see  how  the  principle  of  reinforcing  an  arch  of  this 
kind  can  be  defended,  because  the  live  load  is  practically  negligible  in 
comparison  Avith  the  dead  load,  and  the  curve  of  the  arch  can  be 
adapted  to  the  curve  of  tlie  equilibrium  polygon,  thus  practically  elimi- 
nating all  bending  and  shearing  forces  in  the  arch  ring. 

Plate  XL  shows  the  stress  sheet  for  one-half  of  one  center, 
and  details  of  the  bows,  lagging,  etc.  It  will  be  noted  that  the  arch 
ring  is  divided  into  voussoirs,  which  are  given  Roman  numerals  cor- 
responding to  the  sequence  of  concreting.  The  keys  are  designated  by 
letters,  also  corresponding  to  the  sequence  in  which  they  were  concreted. 

It  was  found  by  experiment  that  a  concrete  composed  of  one  part 
Portland  cement,  one  part  sand,  and  two  parts  stone  would  attain  as 
great  a  strength  in  7  days  as  the  concrete  used  in  the  arch  ring  would 
attain  in  30  days.  The  rich  mix,  therefore,  was  used  in  the  keys,  in 
order  that  the  centers  might  be  the  sooner  removed.  Table  1  gives  the 
results  of  these  tests  on  concrete. 

TABLE  1. — Crushing  Strength  of  Six-Inch  Concrete  Cubes; 
Rocky   River   Bridge. 


Kind  of 
concrete. 

Age. 

Crushed. 

Cracked. 

Kind  of 
concrete. 

Age. 

Crushed. 

Cracked. 

1:3:5 

30  days. 

1718 

1363 

1:3:5 

6  months. 

2  781 

2  509 

" 

2  045 

1527 

" 

"       " 

2727 

2  454 

" 

2  018 

1  418 

" 

"       " 

2  127 

1800 

" 

1  936 

1636 

" 

"       " 

1909 

1  527 

" 

1909 

1527 

" 

2  454 

2  072 

1:2:4 

30  days. 

2  781 

2  127 

" 

2182 

2  018 

" 

"        '■ 

2  83(i 

2  836 

" 

2  509 

2  454 

" 

"        " 

3  270 

2181 

" 

2  073 

1265 

" 

"        " 

3:^80 

T70 

" 

2  509 

1582 

" 

"        " 

3  272 

1910 

" 

2  564 

1582 

1854 

1091 

" 

90       " 

2C72 
2  836 

2  180 
1910 

'' 

90      " 

2563 

2127 

1:1:2 

7 

2  945 

1091 

" 

2  509 

1964 

" 

"        "• 

3  436 

2  727 

.1 

2  127 
1  936 

1361 
1Q09 

( 

jRANOLITHIC  FACING. 

" 

2  891 

1909 

1:1:2 

90  days.         2  727 

2  727 

2836 

1963 

2  945 

2836 
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Tables  2  and  3  give  the  observed  deflections  of  the  steel  arch  under 
different  conditions  of  loading. 

TABLE  2. — Elevations  on  Alternate  Points  of  Each  Half  Arch 
Taken  During  Placing  of  Concrete;  Rocky  River  Bridge. 


East  Side. 


I'ate. 

Ct.  Pin. 

No.  1. 

No.  3. 

No.  3. 

No.  4. 

No.  5. 

Temp. 

Remarks. 

8/  6/09 

76.819 

74.540 

66.150 

53.315 

33.495 

10.415 

84° 

25  tons  in  place. 

8/  9/09 

76.708 

74.470 

66.150 

53.330 

33.505 

10.410 

85» 

465  tons  in  place,  Sec.  I. 

8/11/09 

76.683 

74.458 

66.133 

53.368 

33.508 

10.408 

74° 

Sec.  I  and  6  ft.  of  Sec.  II 
place. 

in 

8/13/09 

76.680 

74.468 

66.113 

53.313 

33.508 

10.103 

80° 

Sec.  II  in  place. 

8/17/09 

76.683 

74.466 

66.106 

53.396 

33.486 

10.391 

77° 

1  Sec.  Ill  in  place. 

8/19/09 

76.699 

74..544 

66.109 

53.294 

33.464 

10.384 

78° 

Sec.  Ill  in  place. 

8/34/09 

76.763 

74.483 

66.103 

53.363 

33.433 

10.367 

86° 

1  Sec.  IV  in  place. 

8/36/09 

76.783 

74.493 

66.103 

53.333 

33.408 

10.368 

85° 

Sec.  IV  in  place. 

8/38/09 

76.773 

74.463 

66.038 

53.188 

33.388 

10.358 

73° 

Sec.  V  and  i  VI  in  place. 

8/31/09 

76.777 

74.486 

66.006 

53.166 

33.381 

10.351 

80° 

Voussoirs  in  place. 

West  Side. 


8/  6/09 

74.533 

66.138 

53.338 

33.483 

10.393 

84° 

25  tons  in  place. 

8/  9/09 

74.455 

66.310 

53.310 

33.490 

10.400 

85° 

465  tons  in  place,  Sec.  I 

8/11/09 

74.438 

66.098 

53.388 

33.478 

10.390 

74* 

Sec.   I  and  about  6  ft. 
Sec.  11  in  place. 

of 

8/13/09 

74.444 

66.181 

53..301 

33.491 

10.396 

80° 

Sec.  II  in  place. 

8/17/09 

74.439 

66.169 

52.289 

33.469 

10.381 

77° 

i  Sec.  HI  in  place. 

8/19/09 

74.461 

66.161 

52.381 

33.456 

10.376 

78° 

Sec.  Ill  in  place. 

8/24/09 

74.463 

66.078 

.53.243 

33.408 

10.363 

86° 

5  Sec.  IV  in  place. 

8/36/09 

74.4.53 

66.058 

52.213 

33.388 

10.353 

85° 

Sec.  IV  finished. 

8/38/09 

74.408 

65.988 

52.178 

33.378 

10.348 

73° 

Sec.  V  and  ^  See.   VI 
place. 

In 

8/31/09 

74.391 

66.011 

52.171 

33.371 

10.346 

80° 

Voussoirs  in  place. 

The  rise  and  fall  of  the  centers  due  to  changes  of  temperature  were 
very  carefully  noted,  both  before  and  after  loading,  as  were  also  the 
deflections  due  to  partial  loadings. 

The  first  concrete  in  the  main  arch  rib  was  placed  on  August  6th, 
1909,  and  the  voussoirs  were  completed  August  30th.  The  keys  were 
run  on  September  3d  to  9th,  and  the  centers  were  struck  on  September 
28th.  When  the  centers  were  moved  into  position  for  the  second  rib, 
the  first  arch  rib  and  the  columns,  up  to  the  springing  line  of  the 
spandrel  arches,  were  in  place. 

The  unit  stress  in  the  arch  rib  due  to  its  own  weight  is  about 
245  lb.  per  sq.  in.  The  settlement  of  the  crown  when  the  centers  were 
removed  amounted  to  0.038  ft.  The  curve  of  the  intrados,  as  con- 
structed, varies  from  the  computed  curve  less  than  ^  in.  at  the  point  of 
maximum  variation. 
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TABLE  3. — Elevations  of  South  Center  Pin  Due  to  Changes  of 
Temperature  After  Concrete  Was  Placed;  Rocky  River  Bridge. 


Hour. 

Elev. 

Temperature. 

Date. 

La 

In 

Remarks. 

sbade. 

sun. 

9/  9/09 

1.00  p.  M. 

76.771 

75° 

Cloudy. 

9/  9/09 

5.3.T  P.  M. 

76.758 

68° 

Raining.    Key  finished  at  7  p.  m.    Temp.,  65°. 

9/10/09 

8.30  A.  M. 

76.743 

69° 

Trans,  reading  same  as  7.00  last  night  when  key 
finished. 

9/10/09 

12.30  P.  M. 

76.762 

74° 

78° 

Trans,  reading  same  as  last  night  and  this  a.  m. 
Sun  since  10.30. 

9/10/09 

3.00  P.  M. 

76.761 

75° 

Clear.  Trans,  reading  same  as  last  night  and 
when  key  compleied. 

9/11/09 

8.45  A.  M. 

76.754 

69° 

81° 

Clear.  Traiis.  reading  same  as  last  night  and 
when  key  completed. 

9/11/09 

11.30  A.  M. 

76.754 

71° 

78° 

Clear.  Trans,  reading  same  as  last  night  and 
when  key  completed. 

9/13/09 

8.40  A.  M. 

76.770 

79° 

86° 

Clear.    Joint  open  W.  side  of  key,  j^,  in. 

9/13/09 

1.00  P.  M. 

76.785 

85° 

96° 

iin. 

9/13/09 

4.00  P.  M. 

76.783 

85° 

87° 

15 

9/14/09 

8..55  A.  M. 

76.770 

84° 

100° 

9/14/09 

1.45  P.  M. 

76.786 

85° 

93° 

'                '            5 

9/14/09 

4.10  P.  M. 

76.782 

82° 

85° 

"            i     " 

9/15/09 

9.00  A.  M. 

76.764 

75° 

78° 

' i'g     '• 

9/15/09 

12.45  P.  M. 

76.764 

81° 

Cloudy.     '•        '^       i  " 

9/15/09 

4.00  P.  M. 

76.755 

69° 

I'g 

9/16/09 

9.00  A.  M. 

76.749 

69° 

Ti'i; 

9/16/09 

1.00  P.  M. 

76.752 

67° 

'"78°" 

Joint  open,  j'j  in. 

9/16/09 

4.00  P.  M. 

76.754 

67° 

75° 

33 

9/17/09 

9.00  A.  M. 

76.739 

69° 

78° 

0     " 

9/17/09 

1.05  p.  M. 

76.759 

71° 

83° 

0   " 

9/17/  09 

4.00  P.  M. 

76.758 

71° 

80° 

..     ..    _!,  " 

9/18/09 

8.55  A.  M. 

76.748 

67° 

85° 

0   " 

9/18/09 

11.50  a.  m. 

76.751 

67° 

83° 

"     •'    ^\  " 

9/20/09 

8.50  A.  M. 

76.750 

77° 

82° 

"    "    t'b  ;; 

9/30/09 

l.OO  P.  M. 

76.780 

83° 

86° 

.k.    4 

9/20/09 

4.00  P.  M. 

76.780 

80° 

85° 

8 

It  was  at  first  intended  to  use  hydraulic  jacks  for  lowering  the 
centers,  and  the  writer,  in  connection  with  the  Duff  Manufacturing 
Company,  of  Pittsburg,  worked  out  a  plan  for  lowering,  using  32  jacks, 
in  nests  of  four,  each  jack  having  a  lowering  capacity  of  105  tons; 
ngsts  of  eight  were  to  be  operated  by  a  single  pump  and  reservoir. 

As  it  would  be  necessary  to  lock  these  jacks,  owing  to  the  length 
of  time  that  they  would  be  called  on  to  sustain  their  load  in  one 
position,  the  Duff  Manufacturing  Company,  designed  a  special  locking 
device  which  could  be  released  without  lifting  the  ram. 

In  addition  to  the  hydraulic  jacks,  the  use  of  sand-boxes,  screw- 
wedges,  and  screw-jacks  was  investigated.  It  was  found  that  the  sand- 
boxes were  a  little  cheaper  than  any  of  the  other  devices,  but,  owing 
to  the  fact  that  these  boxes  would  be  immersed  in  water  (as  their 
position  was  below  mean  water  level),  it  was  thought  that  it  would  be 
practically  impossible  to  keep  the  sand  dry.  The  sand-boxes,  as  con- 
templated, were  to  be  of  cast  steel,  and  the  estimated  cost  was  but  little 
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Fig.   1. — CoKCKETixG  Arch  Ring,   Rocky  River   Bridge. 


Fig.  2. — Moving  Cionteking  to  Position  Under  Second  Rib. 
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less  than  that  of  the  double-acting  screw-wedges,  which  were  finally 
adopted. 

The  design  of  these  double-acting  steel  wedges,  as  finally  used, 
Fiji-.  1.  was  suggested  by  A.  M.  Felgate,  County  Bridge  Engineer,  while 
looking  at  the  writers  design  for  a  similar  single-acting  screw-wedge, 
and  appeared  to  be  exactly  what  was  needed.  They  were  made  of  care- 
fully annealed  cast  steel,  in  four  sections,  planed  on  all  sliding  and 
hearing  surfaces,  and  very  carefully  adjusted  to  uniform  height  when 
set  in  position.  The  motion  allowed  for  was  a  vertical  drop  of  6i  in., 
and  the  slopes  were  calculated  so  that  locking  would  not  be  required  to 
hold  them  under  full  load.  They  were  lowered  by  four  men  on  each 
screw.    Each  wedge  weighed  approximately  1  350  lb. 

Next  in  cost  to  the  steel  wedges  were  the  screw-jacks,  each  of  which 
was  designed  to  lower  105  tons  and  lift  22  tons.  The  hydraulic  jacks 
were  found  to  be  the  most  expensive. 

Estimated  cost  of  sand-boxes $1  300 

"  "      "    screw-wedges    1 650 

"  "      "    screw-jacks   2  000 

"  "      "    hydraulic  jacks 2  400 

Particular  attention  is  called  to  the  high  class  of  shop  workmanship 
required  on  the  centers.  The  reaming  was  done  with  unusual  care. 
The  planed  joints  were  required  to  be  perfect,  and  were  the  best  the 
writer  has  ever  seen.  In  fact,  the  workmanship  was  better  than  that 
required  for  standard  railroad  bridge  work.  In  view  of  this,  and  also 
of  the  fact  that  the  structure  was  free  from  impact,  the  writer  is  of 
the  opinion  that  the  unit  stresses  assumed  were  not  unreasonable. 

The  bridge  was  built  by  Cuyahoga  County,  under  the  direction  of 
A.  B.  Lea,  former  County  Engineer,  and  F.  R.  Lander,  present  County 
Engineer.  The  structure  was  designed  by  A.  M.  Felgate,  County 
Bridge  Engineer.  The  Contractor  was  the  Schillinger  Brothers  Com- 
pany. The  Resident  Engineer  was  A.  L.  Stevens.  The  centers  were 
l)uilt  by  the  Interstate  Engineering  Company,  and  the  wedges  were  cast 
l)y  the  Variety  Iron  Works  Company,  of  Cleveland. 
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By  E.  a.  Steece,  M.  Am.  Soc.  C.  E. 


Mr.  E.  A.  Steece,  M.  Am.  Soc.  C.  E.  (by  letter). — In  the  consideration 

steece.  q£  foj-jn^iag  for  street  paving  crowns,  as  suggested  by  Mr.  Powell,  it 
is  the  writer's  opinion  that  a  complicated  formula  is  of  doubtful 
utility.  The  crown  is  made,  primarily,  for  water  parting,  and,  except 
for  this,  the  advantage  of  the  inclination  formed  at  intersections, 
sharp  curves,  and  possibly  esthetic  considerations,  the  roadway  would 
have  a  plane  surface  transversely. 

There  have  been,  and,  in  all  probability  there  will  be,  many  sug- 
gestions for  so-called  rational  formulas — differing  somewhat  from 
uniform  ratios— for  determining  the  crown.  It  appears  that  the  first 
impulse  of  many  highway  engineers  is  to  derive  a  formula  to  cover 
this  vexed  question;  it  also  appears  to  be  simple,  at  first  glance,  to 
write  a  good  one,  but  the  further  it  is  developed  the  more  unwieldy 
it  becomes,  until,  finally,  something  almost  as  complicated  as  Kutter's 
hydraulic  formula  (if  rational)  is  produced.  Evidently,  any  formula 
which  will  not  serve  beyond  the  limits  of  common  practice  is  not 
rational. 

The  formula  attributed  to  Mr.  Dare : 

W  (100  —  4  P) 
""    6  300  +  50  P2 

is  a  modification  of  that  of  the  late  A.  Eosewater,  M.  Am.  Soc.  C.  E. : 

IF  (100  —  4  P) 


C  -= 


5  000 


*This  discussion  (of  the  paper  by  T.  J.  Powell,  Assoc.  M.  Am.  8oc.  C.  F..,  published  in 
Proceedings  for  March,  1911,  but  not  presented  at  any  meeting)  is  printed  in  Proceedinqs  in 
order  that  the  views  expressed  may  be  brought  before  all  members  for  further  discussion. 
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or  vice  versa,  in  wliich  Mr. 

Steece. 

C  =  the  crown,  in  inches, 

W  =  the  width  of  the  roadway,  in  inches,  and 

P  =  the  percentage  of  grade. 

Both  these  formulas  produce  lessening  crowns  on  increasing  grades. 

The  writer,  in  a  limited  practice,  has  observed  that  for  impervious 
surfaces,  such  as  asphalt,  brick,  etc.,  a  crown  of  from  1  to  1.25%  of 
the  distance  between  curbs,  for  any  grade,  will  come  about  as  near  to 
meeting  the  requirements  of  drainage  and  security  to  travel  as  any. 
For  semi-pervious  surfaces,  which  necessarily  have  an  element  of 
roughness,  the  crown  should  be  made  from  1.5  to  2.25%  of  the  width 
of  the  roadway. 

Such  rules  may  be  considered  as  too  indefinite,  but  the  engineer 
should  exercise  his  judgment,  as  the  conditions  may  warrant,  for  in 
this,  as  in  every  other  branch  of  engineering,  judgment  is  the  prime 
necessity  of  good  design,  and  cannot  always  be  reduced  to  formula. 

The  writer  is  not  inclined  to  view  with  much  favor  the  plan  of 
shifting  the  crown  from  the  center  of  the  roadway  on  streets  having 
one  curb  lower  than  the  other,  as  this  not  only  extends  the  transverse 
slope  on  the  lower  side — augmenting  an  existing  evil  without  accom- 
plishing anything,  except,  in  some  instances,  preventing  the  surface 
water  from  flowing  across  the  roadway — but  the  unsymmetrical  effect 
is  unsightly. 

The  contention  that  the  crown  should  be  lessened  on  the  steeper 
grades  seems  to  be  open  to  argument,  also,  notwithstanding  the  fact 
that  eminent  municipal  engineers  have  decided  that  this  should  be 
done.  To  lessen  the  crown,  in  this  instance,  is  to  reduce  the  trans- 
verse slope  to  a  minimum.  Admitting  that  this  feature  is  most 
jeopardizing  to  travel,  it  must  be  admitted,  also,  that  it  has  its 
greatest  effect  where  the  speed  of  travel  is  greatest,  which  is  most  apt 
to  be  on  the  minimum  grade.  In  cases  where  the  crown  is  greatly 
reduced  on  steep  grades,  the  gutters  become  too  shallow  to  prevent 
storm-water  from  intersecting  streets  from  flooding  out  to  the  crown 
and  scattering  debris  over  the  roadway.  While  this  is  partly  a  storm- 
water  and  street-cleaning  problem,  these  factors  should  receive  their 
share  of  consideration. 

If  all  elements  are  to  be  considered  in  determining  street  crowns, 
a  degree  of  complication  is  produced  which  will  hardly  be  susceptible 
of  formulation.  Withal,  it  is  one  of  those  subjects  which  are  not 
small  enough  to  leave  nor  large  enough  to  bother  with,  but  which  recur 
just  often  enough  to  tantalize  the  engineering  mind. 
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THE  GOING  VALUE   OF  WATEE-WORKS. 
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By  Messrs.  Clixton  S.  Burns,  Albert  I.  Frye,  and 
Frederic   P.    Stearns. 


Mr.  Clinton   S.   Burns,  M.   Am.   Soo.   C.  E.    (by   letter). — The  writer 

"™^'  wishes  to  express  his  appreciation  of  the  opportunity  to  read  a  paper 
so  well  prepared  by  men  who  have  devoted  much  time  and  study  to 
this  comparatively  new  field  of  appraisement  work — "Going  Value."' 

It  has  been  the  writer's  privilege  to  be  associated  with  one  of  the 
authors  in  a  number  of  appraisals  of  water-works  properties,  and  he  is 
fully  in  accord  with  the  general  views  expressed  in  this  paper,  but  in 
some  particulars  he  must  take  issue,  though  it  is  with  reluctance  that 
he  ventures  to  enter  a  discussion  which  may  be  somewhat  at  variance 
with  the  opinions  of  men  who  have  so  ably  presented  their  subject. 
This  discussion,  however,  is  not  to  be  construed  as  criticizing,  or 
detracting  from  the  merit  of,  the  paper,  but  rather  to  add  to  its  value, 
if  possible,  by  pointing  out  some  instances  wherein  its  logic  may  be 
strengthened,  or  minor  discrepancies  may  be  eradicated. 

The  writer  fully  agrees  with  the  authors  in  that  going  concern 
cost  is  as  much  a  part  of  the  reproduction  cost  of  a  public  service  cor- 
poration's property  as  is  the  reproduction  cost  of  its  physical  plant. 
He  is  fully  in  accord  with  the  statement  that  in  reproducing  a  plant 
it  is  only  proper  and  logical  to  consider  what  it  would  cost  to  rebuild 
it  under  present  conditions;  and  that  this  applies  to  the  business  of 
the  corporation  as  well  as  to  its  physical  property.  The  writer  likewise 
uses  the  method  adopted  by  the  authors,  which  they  term  the  "Com- 
parative Method." 

A  Problem  in  Futures. — It  should  be  pointed  out,  however,  that  the 

*This  discussion  (of  the  paper  by  Leonard  Metcalf  and  John  W.  Alvord,  Members. 
Am.  Soc.  C.  E.,  published  in  Protvfd/«,f/.s  for  P'ebruary,  1911,  and  presented  at  ihe  meeting 
of  April  5th,  1911),  is  printed  in  Pfoceediiigs  in  order  that  the  views  expressed  may  be  brought 
before  all  members  for  further  discussion. 
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(k'terinlnation  of  going  value  is  a  i)roblem  of  the  future,  and  there-  Mr. 
lore  past  or  present  income  cannot  be  properly  used  as  a  basis  of 
computation,  except  in  so  far  as  the  past  or  present  may  be  taken 
as  a  fair  criterion  of  the  future.  The  writer  maintains,  therefore, 
that  the  only  basis  on  which  going  value  may  be  computed,  with 
absolute  impartiality  and  fairness  to  both  parties,  is  to  determine  first 
what  is  a  fair  rate  in  the  aggregate,  or  a  proper  return  on  the  fair 
value  of  the  property,  and  then  apply  the  comparative  method  to 
determine  the  going  value.  If  the  present  income  of  a  property  is 
uiircasunably  low,  due  to  rates  which  are  insufficient,  it  is  manifestly 
uiil'nir  lo  the  company  or  coi'poration  to  compute  the  going  value  on 
that  income;  and  if  the  present  income  is  unreasonably  high,  it  is 
equally  unjust  to  the  municipality  to  use  that  income  as  a  basis  of 
computation;  furthermore,  it  is  purely  speculative  to  assume  that  the 
income  will  continue  to  be  unreasonably  high  in  the  future,  especially 
in  view  of  the  ever-increasing  tendency  toward  the  regulation  of  public 
service  corporation  rates.  Therefore  it  is  questionable  whether  the 
authors'  definition  of  going  value — "the  cost  of  acquiring  a  given 
income" — is  a  logical  one,  unless  it  be  first  determined  that  the  "given 
income''  is  a  reasonable  one,  or  a  fair  return  on  the  fair  value  of  the 
I)roperty.  The  fair  value  referred  to  must,  of  course,  include  the  going 
value  as  well  as  the  physical  value. 

Definition  of  Going  Value. — In  a  discussion  of  the  paper  by  H.  E. 
Riggs,  M.  Am.  Soc.  C.  E.,  entitled  "Valuation  of  Public  Service 
Property,"*  the  writer  defined  "Going  Value"  as : 

"The  present  worth  of  the  amount  by  which  the  anticipated  profits 
of  a  going  plant,  operating  at  reasonable  rates,  exceed  the  present 
worth  of  the  anticipated  profits  of  a  similar  hypothetical  starting 
plant   [the  comparative  plant],  operating  at  those  same  rates." 

Further  study  seems  to  strengthen  his  faith  in  this  definition  as 
the  logical  conception  of  going  value,  as  it  seems  especially  well  adapted 
to  meet  the  requirement  of  fairness  to  both  parties.  If  any  public 
service  corporation  takes  exception  to  it,  it  must  thereby  concede  that 
its  rates  are  unreasonably  high.  If  the  municipality  takes  exception,  it 
thereby  acknowledges  that  the  rates  are  too  low,  or  else  confesses  its 
desire  to  be  unfair  to  the  corporation. 

At  the  Parting  of  the  Ways. — The  authors'  illustration  of  the 
assumed  capitalist,  at  the  parting  of  the  ways,  is  well  presented,  and, 
if  their  reasoning  be  pursued  to  its  logical  conclusion,  there  should  be 
no  confusion  of  ideas  in  the  resulting  "Going  Value."  They  state, 
further,  that  this  assumed  capitalist,  should  he  take  the.  first  path,  and 
buy  the  existing  plant, 

"will  evidently  receive  as  return  on  his  investment  the  net   income 
indicated  by  its  past  history,  modified  by  such  circumstances  as  will 

♦  Transactions.  Am.  Soc.   C.  E.,  Vol.  LXXII.  p.  1. 
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Mr.    be  likely  to  influence  its  net  income  during  the  period  when  a  new 
Burns,  comparative  plant  can  reasonably  hope  to  overtake  its  development." 

This  statement  certainly  must  contemplate  that  there  may  be,  and 
in  fact  are  sure  to  be,  some  circumstances  which  will  influence  the 
net  income  of  the  future  and  may  not  be  apparent  from  the  past 
history  of  the  property.  Paramount  among  these  circumstances  is 
rate  regulation,  and,  this  being  true,  no  prophecy  of  future  net  income 
is  based  on  sound  logic  unless  the  possibility  of  rate  regulation  be 
considered.  Consequently,  the  capitalist  at  the  parting  of  the  ways 
will  certainly  have  cause  to  complain  at  his  engineer's  lack  of  judg- 
ment if  this  factor  be  overlooked  in  his  computation  of  going  value. 

The  Rate  of  Interest  on  Unemployed  Capital. — The  authors'  state- 
ment, that  "the  larger  the  rate  of  interest  allowed  on  the  unemployed 
capital,  the  smaller  the  resulting  going  value,"  is  apparently  correct 
logic.  However,  the  corollary  of  this  statement  would  be  as  follows: 
If  the  iinemployed  capital  is  invested  at  a  rate  of  interest  equal  to  the 
net  return  from  the  existing  water  plant,  then  the  going  value  reduces 
to  zero.  This  phase  of  the  problem  merely  emphasizes  the  correctness 
of  the  writer's  contention  that  the  income  must  be  that  due  to  reason- 
able rates.  For  it  is  manifest  that,  if  the  net  income  of  the  going 
plant  is  not  greater  than  the  return  on  unemployed  capital,  then  the 
rates,  in  the  aggregate,  are  too  low,  for  no  company  should  be  required 
to  perform  a  public  service  for  less  compensation  than  a  proper  return 
on  capital  invested  in  other  pursuits  involving  the  same  degree  of  risk; 
and  capital  invested  is  entitled  to  larger  returns  than  liquid  capital. 

It  must  be  remembered  that  capital  in  liquid  form  produces  no 
returns  per  se  until  invested  in  some  productive  enterprise,  although 
the  possessor  of  such  capital  may  allow  some  bank  or  other  investor 
to  use  it  temporarily,  keeping  it  in  easily  convertible  invested  form, 
and  for  this  permission  the  bank  or  other  investor  pays  to  the  possessor 
a  portion  of  the  profits  accruing  to  the  temporary  investment,  thus 
resulting  in  a  low  rate  of  interest. 

Going  Value  Development  Period. — The  authors  state  that  the 
past  history  of  water-works,  many  of  which  were  built  during  the 
Eighties,  is  not  a  fair  criterion  for  the  period  required  for  the  acquisi- 
tion or  development  of  business  by  water-works  to-day.  This  appears 
to  be  in  conflict  with  their  prior  statement  on  the  same  subject,  but 
this  latter  statement  is  perhaps  the  result  of  more  careful  considera- 
tion and  a  deeper  study  of  the  subject. 

The  reason  offered  for  this  statement,  that  the  public  is  now 
educated  to  higher  standards  of  living,  and  to  the  use  of  water  under 
pressure,  which  would  result  in  much  more  rapid  development  of 
income  by  water-works  now  than  formerly,  is  undoubtedly  true;  but 
this  is  by  no  means  the  principal  reason.  Of  far  greater  influence  is 
the  fact  that  property  is  invested  in  house  fixtures,  plumbing,  and  in 
sewer  connections. 


Papers.]         DISCUSSION  ON  THE  GOING  VALUE  OF  WATER-WORKS         531 

Some  experts  maintain  that  were  it  not  for  the  past  existence  of  Mr. 
tlie  water-works  system,  none  of  these  vested  property  interests  would  "''°^' 
be  in  existence,  and  that  therefore  these  must  be  ignored  in  estimating 
the  length  of  time  required  for  the  acquirement  of  the  business.  This, 
however,  seems  to  be  an  assumption  entirely  contrary  to  pure  logic, 
and  not  warranted  by  the  facts.  A  corporation  cannot  take  control  of 
the  vested  property  of  an  individual,  nor  claim  any  assets  or  benefits 
accruing  therefrom.  Hence,  when  considering  the  comparative  plant, 
all  property  other  than  that  belonging  to  the  water  company  itself 
must  be  assumed  to  remain  intact,  and  any  computation  of  going  value 
that  fails  to  take  these  conditions  into  account  is  not  in  accord  with 
correct  logic.  These  plumbing  fixtures,  house  connections,  bath-rooms, 
sewer  connections,  lawns  that  demand  water  service,  and  all  kindred 
metropolitan  conditions  that  compel  the  uninterrupted  continuance  of 
the  water  service,  are  factors  the  existence  of  which  cannot  be  denied. 
They  are  present  actualities,  and  just  as  much  to  be  considered  as  any 
local  factor  affecting  the  cost  of  reproduction  of  any  of  the  physical 
property. 

If,  then,  the  appraiser  is  consistent  in  his  logic,  he  must  face  these 
facts  and  give  due  consideration  thereto  in  his  estimate  of  going  value, 
just  as  faithfully  as  he  gives  consideration  to  the  local  factors  which 
affect  the  cost  of  duplication  of  any  of  the  physical  property.  None 
of  the  theories  advanced  by  the  authors  seems  to  cover  the  true  situa- 
tion, or  to  take  into  account  all  these  factors  so  vital  to  a  correct  and 
strictly  logical  solution  of  the  problem  under  discussion. 

The  Stage  of  Development. — Whether  the  plant  finds  itself  in  a 
stage  of  development  termed  "over-built,"  "normal,"  or  "under-built," 
is  recognized  by  the  authors  as  a  proper  subject  of  inquiry  in  determin- 
ing the  going  value.  They  state  that  the  ability  of  the  over-built 
plant  to  grow  in  income  to  its  new  capitalization  cannot  be  recognized 
in  computation  of  going  value;  but,  in  the  case  of  the  under-built 
plant,  they  state  that  the  net  income  may  be  substantially  reduced  by 
the  expenses  incident  to  the  additional  capital  required  to  bring  the 
plant  to  a  rational  standard  of  water-works  construction.  This  latter 
statement,  when  applied  to  their  computation  of  going  value,  would, 
of  course,   substantially   reduce   it. 

If  it  is  true  that  the  under-built  plant  should  be  brought  to  a 
rational  standard,  and  that  the  computation  to  determine  going  value 
takes  this  fact  into  account  by  presupposing  the  normal  condition  to 
exist,  then  why  not  also  treat  the  over-built  plant  similarly?  Would 
not  any  other  treatment  be  inconsistent  with  the  logic?  This  again 
emphasizes  the  correctness  of  the  writer's  contention,  that  going  value 
computation  should  be  based  on  the  theoretical  net  income  which 
would  accrue  from  reasonable  rates,  regardless  of  actual  present 
income.  Present  income  may  be  unreasonably  high,  or  so  low  as  to 
border  on  confiscation,  and  in  neither  of  these  situations  would  it  be 
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Mr.  fair  or  equitable  to  use  actual  income  as  the  proper  basis  of  computa- 
■  tion.  On  the  other  hand,  if  a  theoretically  reasonable  net  income  be 
assumed  as  a  foundation  for  computation,  the  question  of  under-built 
or  over-built  condition  is  automatically  adjusted  in  determining  the 
proper  net  income  to  assume  in  the  particular  case  under  consideration. 
Interest  During  C onstruction. — The  authors  have  evidently  fallen 
into  error  in  their  statement: 

"Interest-during-construction  payments  are  inevitable  in  all  pro- 
jects; *  *  *  they  constitute  a  forced  expenditure,  alike  with  the 
cost  of  the  bricks  and  mortar,  the  pipes  and  the  pumps,  and  cannot  be 
recovered  in  any  way  except  by  addition  to  capital  account  or  floating 
debt." 

It  is  a  little  surprising  that  the  authors  should  have  become  thus 
confused  on  the  veiy  point  which  they  had  just  stated  had  been  the 
source  of  some  confusion  in  the  minds  of  those  who  approach  the  sub- 
ject for  the  first  time.  That  they  are  in  error  is  manifest  by  a 
moment's  consideration  of  their  original  hypothesis  of  the  assumed 
capitalist,  at  the  parting  of  the  ways,  "having  in  hand  the  necessary 
capital."  Now,  a  man  who  has  the  capital  in  hand,  seeking  an 
opportunity  to  convert  it  from  liquid  form  to  invested  form,  does  not 
have  any  interest  charges  to  pay  during  construction.  He  is  construct- 
ing solely  to  provide  a  means  whereby  his  idle  capital  may  become 
useful  and  bring  him  returns.  To  make  this  point  more  evident, 
suppose  that  the  assumed  capitalist  had  in  hand  the  necessary  bricks, 
mortar,  pipes,  and  pumps,  and  the  necessary  labor  with  which  to  con- 
struct the  plant,  instead  of  having  in  hand  the  necessary  capital.  By 
putting  his  idle  labor  at  work  and  utilizing  his  otherwise  useless 
materials,  he  may  convert  his  property  into  a  water-works  plant  which 
will  bring  him  returns,  but  in  so  doing  he  does  not  incur  any  item  of 
cost  for  lost  interest  during  construction.  Neither  does  the  capitalist 
having  in  hand  the  necessary  capital.  Both  are  in  exactly  similar 
positions,  seeking  a  means  whereby  interest  may  be  earned  on  their 
idle  property. 

The  lost  interest  during  construction,  therefore,  must  of  necessity 
appear  as  an  element  of  the  going  value,  by  the  comparative  method, 
and  to  include  it  also  in  the  capital  account  charged  against  construc- 
tion of  the  physical  plant  is  a  duplication  of  accounts.  If  their 
original  hypothesis  had  assumed  a  penniless  promoter,  at  the  parting 
of  the  ways,  with  ability  to  borrow  the  necessary  capital,  lost  interest 
during  construction  would  then  be  a  proper  item  to  charge  in  the 
capital  account  of  the  comparative  plant,  but  in  this  event  the  going 
plant  would  also  have  interest  chargeable  against  it.  The  error 
seems  to  be  that  they  have  treated  the  comparative  plant  as  having 
to  be  constructed  by  the  penniless  promoter,  then  this  promoter  is 
miraculously  converted  into  a  capitalist,  without  having  bridged  the 
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I'liasin  between  promoter  and  capitalist — popularly  supposed  to  require    Mr. 

,     .  ,  J.  , .  Burns 

a'brulge  oi  no  mean  proportions. 

Applicaiion  of  Principles. — This  duplication  of  accounts  is  clearly 
shown  in  Table  3,  wherein  $482  000  is  stated  as  lost  interest  during 
construction,  while  Table  4  shows  the  total  net  profits  of  the  existing 
plant.  The  capitalist  at  the  parting-  of  the  ways,  with  capital  in  hand, 
luul  he  taken  the  first  path  and  purchased  >the  existing  plant,  would 
have  come  into  the  immediate  enjoyment  of  the  net  returns  set  forth 
in  Table  4;  but,  had  he  taken  the  other  path  and  elected  to  construct 
the  "comparative  plant''  he  would  not  have  lost  this  $482  000,  desig- 
nated as  interest  lost  during  construction,  but  instead  thereof  he  would 
have  lost  the  opportunity  to  realize  the  greater  net  return  shown  in 
Table  4.  He  could  not  include  any  of  this  $482  000  as  an  item  of 
expense  in  the  capital  account  of  the  comparative  plant,  because,  by 
the  fundamental  hypothesis  of  the  comparative  method,  his  capital 
is  not  earning,  but  is  seeking  the  opportimity  to  earn.  He  could  not 
lose  interest  that  he  did  not  possess. 

Conclusioti: — Going  value  is  a  subject  which  has  but  recently 
received  scientific  study  and  careful  consideration  from  engineers  and 
appraisers.  Any  method  advocated  for  its  determination,  therefore, 
must  of  necessity  pass  through  the  successive  stages  of  development 
>o  essential  to  the  perfection  of  any  new  subject,  and  it  is  only  by 
earnest  study,  honest  effort,  and  fair-minded  discussion  of  such  papers 
as  this,  that  true  progress  can  be  attained.  It  is  largely  an  exercise 
in  pure  logic,  and,  therefore,  it  is  not  surprising  that  some  erroneous 
conclusions  should  have  been  developed,  based  perhaps  on  theories 
springing  from  illogical  assumptions.  It  is  with  a  keen  appreciation 
of  these  conditions  that  the  writer  offers  this  discussion  on  a  subject 
second  to  none  in  its  demands  for  clear  thought,  deep  logic,  and  correct 
conclusions. 

Any  theories  advanced  by  the  writer  are  offered  to  invite  discussion, 
in  the  hope  that  this  much  complicated  subject  may  thereby  be  freed 
from  some  of  the  confusion  with  which  it  has  become  enveloped. 

.\r.i!i;uT  I.  Frye,  Mi  Am.  Soc.  C.  E.  (by  letter).— This  able  paper  Mr. 
brings  out  a  new  point  to  be  considered  in  connection  with  the 
valuation  of  water-works,  namely:  Shall  the  going  value  be  con- 
sidered as  the  actual  going  cost,  economically  administered,  in  build- 
ing up  the  business  of  the  existing  plant  ?  or  shall  it  be  considered  as 
the  estimated  going  cost  necessary  in  developing  the  business  of  the 
prospective    duplicate    plant? 

The  writer  believes  that  before  a  fair  valuation  of  the  works  can 
he  made,  the  appraisers  should  gather  and  formulate  the  following 
data : 

A  a.  The  actual  cost  of  the  existing  physical  plant; 
Ah.  The  actual  going  cost  in  connection  with  Aa; 
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Mr.  Ba.  The  estimated  cost  of  the  duplicate  physical  plant; 

'^^'  Bh.  The  estimated  going  cost  in  connection  with  Ba; 

K.  A  curve  or  table  showing  the  annual  profits,  in  percentages,  on 
the  total  investments. 

Under  normal  conditions  of  good  management,  the  above  going 
costs  may  be  considered  as  going  values;  otherwise  they  may  be  reduced 
to  going  values  by  possible  elimination  of  excessive  or  unnecessary 
items. 

The  basic  cost  of  the  project  would  then  be  considered  to  be  either, 
G  ^  Aa  -\-  Ah;  or,  0^  =  Ba  -\-  Bh;  or,  some  compromise  between  the 
two;  and  the  appraised  value  of  the  project  should  be  based  on  all  three 
of  the  items:  V  =  Aa  -\-  Ah;  and,  V^  =  Ba  -{-  Bh;  and,  V^  =  the 
average  of  the  last  few  years'  profits  capitalized  at  the  usual  industrial 
rate  of  interest,  say  6%,  more  or  less. 

These  should  be  weighed  and  balanced  very  carefully,  and  it  is  of 
course  understood  that  interest  is  to  be  included  in  each  of  the  above 
cases. 

The  contention  of  the  authors  that  the  estimated  going  cost,  Bh, 
rather  than  the  actual  going  cost,  Ah,  should  be  associated  with  the 
estimated  cost,  Ba,  in   arriving  at   a  fair  appraisal  value,   is,   in  the 
writer's  opinion,  a  tenable  one. 
Mr.  Frederic  P.  Stearns,  Past-President,  Am.  Soc.  C.  E.  (by  letter). — 

At  the  present  time,  the  growing  prominence  of  matters  relating  to  the 
valuation  and  rate  regulation  of  public  service  properties  warrants 
a  full  discussion  by  engineers  of  all  questions  relating  thereto,  and 
the  authors  of  this  paper  have  presented  a  valuable  contribution  on 
the  subject. 

It  may  be  well  to  state  in  the  beginning  that  the  writer  has  been 
connected  with  the  valuation  of  water-works  property  for  the  purposes 
of  sale  and  rate  fixing,  and  although  the  principles  involved  in  such 
valuations  are  in  the  main  the  same  as  in  those  of  other  public  ser- 
vice properties,  they  necessarily  differ  in  detail. 

The  term  "going  value,"  or  "going  concern  value,"  is  an  un- 
fortunate one,  because  it  may  be  given  different  definitions.  The 
authors  have  defined  it  "as  the  value  of  a  created  income,  or — from 
the  reproduction  point  of  view — the  cost  of  acquiring  a  given  income." 
They  also  speak  of  it  as  "the  investment  necessaiy  to  put  the  plant 
into  successful  operation  and  to  create  the  revenues  that  justify  its 
construction,"  and,  after  this  statement,  say :  "This  portion  of  the 
cost  of  a  project  has  been  termed  by  the  Courts,  the  'going  value,'  or 
the  'going  concern  value.' " 

In  many  cases,  engineers  and  the  Courts  have  referred  to  the  "going 
concern  value"  in  such  a  way  as  to  show  clearly  that  they  do  not  have  in 
mind  the  definitions  above  given;  for  instance,  Justice  Moody,  of 
the  Supi'eme  Court  of  the  United  States,  in  the  Knoxville  case,  refer- 
ring to  an  allowance  for  the  "going  concern,"  says : 
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"The  latter  sum  we  understand  to  be  an  expression  of  the  added     Mr. 
value  of  the  plant  as  a  whole  over  the  sum  of  the  values  of  its  com-   *®*''°^- 
ponent  parts;,  wliieh  is  attached  to  it  because  it  is  in  active  and  suc- 
cessful operation  and  earning  a  return." 

The  Judge  of  a  United  States  Circuit  Court  in  California,  in 
rendering  an  important  decision,  less  than  three  years  ago,  said: 

"The  value  of  the  franchise  and  going  business  depends  upon  their 
earning  power." 

He  also  said : 

''A  plant  with  an  established  business,  with  customers  who  have 
connected  their  houses  with  the  Company's  distributing  pipes  is  more 
valuable  than  it  would  be  without  such  connections  and  without  such 
customers." 

When  there  is  competition,  there  may  be  a  "good- will"  value  con- 
nected with  a  going  concern  which  would  not  exist,  if  the  concern 
were  not  a  going  one,  and  this  part  of  the  value  of  the  going  concern, 
would  be  based  on  the  earnings  and  the  degree  of  success  which  has 
been  attained;  but  when  the  public  service  corporation  has  a  practical 
monopoly  and  the  commodity  sold  is  an  absolute  necessity — as,  for 
instance,  water  to  the  inhabitants  of  a  large  city — it  seems  clear  that, 
under  such  circumstances,  there  can  be  practically  no  "good-will" 
value  to  be  included  in  the  "going  value." 

This  is  the  view  expressed  by  the  United  States  Supreme  Court  in 
the   Consolidated   Gas    Company   case,   where   it   stated: 

"We  are  also  of  opinion  that  it  is  not  a  case  for  a  valuation  of 
'good  will.'  *  *  *  The  complainant  has  a  monopoly,  in  fact,  and 
a  consumer  must  take  gas  from  it  or  go  without.  He  will  resort  to 
the  'old  stand,'  because  he  cannot  get  gas  anywhere  else.  The  court 
below  excluded  that  item,  and  we  concur  in  that  action." 

The  writer  believes  it  would  aid  the  Courts  and  others  if  a  new 
term  were  used  for  that  portion  of  the  going  value  which  represents  the 
special  expenses  and  risks  connected  with  the  construction  of  the  works, 
and  the  expense  of  developing  the  business  of  the  original  works  and 
of  additions  thereto.  The  propriety  of  including  in  this  portion  of  the 
going  value  other  sums  than  those  relating  to  the  development  of  the 
business  will  be  discussed  later. 

Halbert  P.  Gillette,  M.  Am.  Soc.  C.  E.,  in  his  recent  discussion 
.)f  yir.  Higgs'  paper,  "The  Valuation  of  Public  Service  Corporation 
Property,"*  has  used  the  term,  "development  expense,"  in  the  same 
sense  as  the  authors  have  used  the  term,  "going  value,"  and  this 
or  some  similar  term  seems  less  likely  to  cause  confusion  than  the 
term,  "going  value,"  which,  under  some  circumstances,  has  a  more 
comprehensive  meaning. 

It  seems  to  be  generally  admitted  that  the  Courts  favor  the  repro- 

*  Transactions,  Am.  Soc.  C.  E.,  Vol.  LXXII,  p.  1. 
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Mr.  duction  method  of  ascertaining  the  physical  value  of  property,  and 
learns,  ^j^^^  ^^^Qy  ^q  tj^jg^  especially  in  the  case  of  old  property,  first,  because 
there  may  be  marked  changes  in  the  value  of  real  estate  and  the  cost 
of  works  from  the  time  they  were  built  to  the  time  when  they  are 
valued,  and  it  is  the  present  and  not  the  past  value  that  is  desired; 
second,  because  of  the  difficulty  of  proving  the  legitimate  cost  of  works 
constructed  many  years  before,  on  account  of  defective  bookkeeping 
and  illegitimate  and  extravagant  methods  of  construction;  and  third, 
on  account  of  the  abandonment  of  parts  of  the  work  which  were 
included  in  the  original  cost. 

There  is  no  reason  to  believe  that,  with  normal  works  constructed 
in  a  legitimate  manner,  with  efficient  bookkeeping,  and  without  change 
in  the  prices  of  real  estate,  labor,  and  materials,  the  Courts  would 
prefer  the  estimated  to  the  actual  cost  of  the  works,  and  it  also  seems 
reasonable,  to  believe  that  they  would  not  hesitate  to  include  the  total 
outgo  for  the  construction  of  the  works  and  the  development  of  the 
business,  even  though  there  were  included  in  the  accounts  the  cost  of 
a  reasonable  proportion  of  temporary  and  unsuccessful  works  which 
had  been  abandoned  and  therefore  would  not  appear  in  the  schedule 
used  in  determining  the  cost  of  reproduction. 

The  writer,  therefore,  believes  that,  in  determining  the  reproduc- 
tion value  of  the  tangible  and  intangible  elements  connected  with 
the  development  of  normal  works  and  of  the  business  of  such  works, 
the  engineer  should  endeavor  to  obtain  results  agreeing  as  closely 
as  possible  with  the  probable  outlay  if  the  works  in  question  had 
been  built  and  the  business  developed  when  the  value  of  real  estate, 
the  prices  for  labor  and  materials,  and  other  circumstances,  were  the 
same  as  at  the  time  of  valuation. 

Assuming  the  above  view  to  be  correct,  does  the  authors'  method 
of  ascertaining  the  "going  concern  value,"  defined  as  the  cost  of 
developing  the  business,  represent  the  probable  outlay  for  such  develop- 
ment under  similar  circumstances  as  to  prices  and  otherwise? 

Applying  the  rule  to  water-works,  it  is  the  writer's  judgment, 
that,  in  the  case  of  the  works  first  introduced  for  the  general  supply 
to  a  city  or  town,  it  does  apply,  and  gives  a  development  expense 
which  would  be  in  fair  accord  with  the  actual  outlay  for  developing 
the  business. 

He  is  as  firmly  of  the  opinion  that,  in  the  case  of  the  water  supply 
of  a  large  city  which  long  ago  outgrew  the  capacity  of  its  original 
works  and  is  supplied  mainly  by  works  which  have  been  added  from 
time  to  time,  "the  raetliod  used  by  the  authors  will  give  a  result  wholly 
oiit  of  accord  with  the  actual  outlay  for  developing  the  business  of 
such  works,  even  after  making  due  allowance  for  difference  in  prices 
and  in  other  conditions  at  the  time  when  the  outlay  was  actually  made 
and  at  the  time  of  valuation. 
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It  is  c'loar  that  wlii'ii  works  arc  first  introduced  into  a  city  or  Mr. 
town  wlicrc  the  water  supply  is  obtained  from  wells  by  inhabitants^  "^" 
unaccustomed  to  a  public  water  supply,  and  where  for  several  years 
the  ileniand  for  water  is  likely  to  represent  but  a  small  part  of  the 
capacity  of  the  original  works,  the  cost  of  developing  the  business  is 
likely  to  be  a  considerable  percentage  of  the  cost  of  the  works; 
whereas  the  cost  of  further  developing  the  business  to  the  extent 
required  to  provide  a  return  on  expenditures  for  additions  to  the  works 
will  generally  be  a  much  snuiller  percentage  of  the  cost  of  such  addi- 
tions. The  latter  statement  will  be  especially  true  in  cases  where  the 
return  which  the  public  service  corporation  is  permitted  to  collect 
is  based  on  the  physieal  valuation  of  the  property  and  is  determined 
at  frequent  intervals. 

For  instance,  the  provisions  of  the  Constitution  of  the  State  of 
California  require  that  the  rates  or  compensation  to  be  collected  for 
water  supplied  to  any  city  or  town  shall  be  fixed  annually  by  the 
governing  body  of  such  city  or  town.  In  fixing  such  compensation, 
the  physical  valuation  of  the  property  is  generally  a  factor,  and,  in 
accordance  with  certain  legal  decisions  in  that  State,  it  is  usual 
to  exclude  items  of  property  under  construction  up  to  the  time  when 
they  are  put  in  use,  and  then  to  include  them  as  a  portion  of  the 
operating  plant.  Additions  to  a  normal  plant,  therefore,  become 
productive  property  on  which  the  same  rate  of  return  is  allowed  as 
on  the  other  property  at  the  time  of  the  next  rate  fixing.  That  is 
to  say,  the  cost  of  developing  the  business  for  the  additions  to  the 
works  is  substantially  the  loss  of  interest  on  their  cost  for  a  period, 
averaging  less  than  a  year,  extending  from  the  time  when  they  are 
put  in  use  to  the  time  when  they  are  included  in  the  physical  valuation. 

Nothing  in  the  authors'  description  of  their  method  of  determining 
the  "going  value"  or  "development  expense,"  or  in  the  example  illus- 
trating their  method,  indicates  that  the  results  obtained  in  the  case 
of  a  large  and  old  plant  will  be  any  smaller  percentage  of  the  value 
of  the  property  than  in  the  case  of  a  small  plant,  although,  in 
accordance  with  the  views  set  forth  by  the  writer,  the  cost  of  develop- 
ing the  business  for  the  additions  which  make  up  the  greater  part  of 
a  large  plant  is  a  nnu-li  smaller  percentage  than  for  the  original 
lilant. 

^fr.  Alvord  has  given  a  table*  containing  certain  data  of  the  valua- 
tions of  water-works  properties,  including  the  going  value  attributed 
to  such  properties.  If  one  takes  the  data  from  this  table,  omitting 
the  places  having  less  than  10  000  inhabitants  and  the  one  place  hav- 
ing a  population  of  more  than  100  000 — the  former  being  omitted 
because  of  their  small  size  and  the  latter  because  it  is  hardly  possible 
that  it  could  be  supplied  from  its  original  works — and  also  omits  one 
*  Proceedings,  American  Water- Works  Association,  1909,  p.  806. 
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Mr.      case  where  there  was  competition  between  two  rival  plants,  the  follow- 

■Pflrne      ...  _  .  ,  ... 
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ing  minimum,   average,   and  maximum   results   are  obtained: 

Average   population 34  555 

Average  net  value  of  physical  property $774  567 

Average  going  value $133  269 

Going  value  per  capita:     Minimum $1.67 

Average 3.86 

Maximum    6.90 

Percentage    of   value    of    net  ^  Minimum     10.5 

physical     property     repre-  >  Average    17.2 

sented  by  the  going  value:  )  Maximum 34.6 

Mr.  Alvord  calls  attention  to  the  lack  of  relation  between  the  going 
value  and  the  value  of  the  physical  property,  and  yet  an  average 
of  the  results  attained  in  a  number  of  cases  where  rational  methods 
were  used  will  give  approximately  this  relation  in  the  case  of  a  normal 
plant. 

In  the  typical  illustration  used  by  Messrs.  Metcalf  and  Alvord, 
the  statistics  are  as  follows: 

Population    300  000 

Net  value  of  physical  property,  including  interest 

during  construction $9  082  000 

Going  value $1  897  000 

Going  value  per  capita $6.32 

Percentage  of  value  of  net  physical  property  repre- 
sented by  the   going  value 20.9 

The  writer  can  easily  conceive  that  there  may  be  an  actual  de- 
ficiency in  the  returns  during  the  earlier  years  of  the  operation  of  a 
normal  water-works  plant  which  will  equal  $133  000  for  a  plant 
valued  at  $774  000  and  supplying  34  000  people,  but  he  cannot  con- 
ceive that  during  the  growth  of  such  a  plant  to  a  net  value  of  $9  082- 
000,  with  ability  to  supply  300  000  people,  that  there  can  be  an  added 
deficit  amounting  to  $1 764  000,  or  any  sum  approximating  this 
amount,  due  to  the  development  of  the  business  incidental  to  the  addi- 
tions made  from  time  to  time. 

As  already  stated,  he  believes  that  no  method  will  be  satisfactory 
that  does  not  produce  results  which  are  in  fair  agreement  with  what 
actually  happens  in  the  operation  and  construction  of  works.  The 
assumption  that  a  large  city,  say  one  having  a  population  of  from 
100  000  to  1  000  000,  is  without  a  water  supply  and  that  a  new  supply 
is  to  be  introduced,  is  one  which  has  no  parallel  in  actual  practice, 
and  as  the  results  based  on  this  assumption  differ  greatly  from  those 
of  actual  experience  on  works  which  have  been  developed  to  supply 
these  large  cities,  the  results  for  such  populations  are  unsatisfactory. 

The  writer  has  already  stated  that,  in  addition  to  the  expense  of 
developing  the  business,  there  are  other  expenses  and  risks  in  actual 
practice   for   which   the    owner   of   public    service   property   should  be 
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compensated,   aiul   which   do  not  appear   in   the  ordinary   reproduction      Mr. 
value.     This  view  may  be^t  be  exphiined  by  giving  some  instances. 

If  one  were  to  value  the  Quebec  Bridge  after  it  has  been 
completed  and  successfully  tested,  he  would  not  think  it  proper  to 
ascertain  the  cost  of  the  bridge  which  failed  and  add  it  to  that  of 
the  successful  bridge,  but,  in  the  writer's  opinion,  it  would  be  proper 
to  add  to  the  cost  of  the  successful  bridge  a  sum  representing  the 
value  of  the  risk  incurred  in  building  a  work  of  such  unusual  magni- 
tude. In  other  words,  he  believes  that  if  the  company  which  is  now 
building  this  bridge  could  know  in  advance  exactly  what  it  would 
cost  for  construction,  engineering,  interest  during  construction,  and 
all  other  items  of  expense,  it  would  willingly  pay  a  considerably 
larger  sum  for  the  bridge  constructed  and  successfully  tested  and  of 
assui'ed  stability. 

Take  another  instance,  such  as  the  building  of  a  large  earth  dam 
having  a  height  of  100  ft.  or  more.  Such  dams  are  frequently  built  by 
tirst  constructing  a  tunnel  through  an  adjoining  hill,  or  by  laying  a 
pipe  or  conduit  through  the  dam,  to  take  care  of  the  flow  of  the  stream 
during  construction.  The  capacity  of  such  conduits  is  generally  too 
limited  to  carrj'  the  discharge  of  large  floods.  Dependence,  therefore, 
is  placed  on  building  the  base  of  the  dam  during  the  dry  season  and 
on  utilizing  the  storage  to  assist  the  conduit  in  taking  care  of  the 
floods.  In  such  construction,  however,  there  is  a  risk  that  an  excep- 
tional flood  may  come,  after  the  work  is  well  advanced,  and  destroy  it. 
On  the  other  hand,  all  may  go  well  until  the  completion  of  the  work, 
in  which  case  the  dam,  in  the  writer's  opinion,  is  worth  more  than 
the  cost  of  construction,  by  the  value  of  the  risk  incurred  in  connec- 
tion with  its  construction. 

In  one  case  where  the  writer  was  engaged  with  others  in  the 
valuation  of  a  masonry  dam  222  ft.  high,  it  was  originally  planned  to 
build  a  rock-fill  dam,  and  its  construction  proceeded  until  it  had 
been  built  up  54  ft.  above  the  level  of  the  stream,  when  an  exceptional 
flood  removed  the  whole  of  the  rock-fill  in  a  single  night. 

The  rock-fill  dam  necessarily  did  not  appear  in  the  schedule  of 
property  valued,  but,  had  it  been  completed  and  proved  successful, 
it  would  have  been  worth  more  than  its  cost  on  account  of  the  risk 
incurred  in  its  construction. 

Accounts  are  frequently  seen  in  engineering  papers,  or  are  the 
results  of  personal  observation,  where  dams  and  other  structures 
have  failed  to  stand  the  test  of  use,  or  where  incidents  connected 
with  the  construction  of  works  have  caused  an  expense  far  beyond 
what  is  provided  for  under  the  head  of  contingencies. 

As  a  few  instances,  the  writer  will  cite  the  slip  at  the  Necaxa 
Dam,  the  encountering  of  bad  ground  in  the  Loetschborg  Tunnel, 
in  Switzerland,  which  required  the  abandoning  of  about  a  mile  of  the 
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Mr.  tunnel  and  the  diversion  of  the  line  through  another  portion  of  the 
mountain,  and  the  change  of  plan  of  the  new  Croton  Dam  of  the 
City  of  New  York,  which  involved  an  expense  of  more  than  $1  000  000 
for  construction  and  interest,  which  would  not  appear  in  the  repro- 
duction value  of  that  property. 

These  examples  might  be  extended  in  many  directions,  to  show 
that  public  service  corporations  and  cities,  without  negligence  on 
their  part,  may  expend  large  sums  for  works  which  fail  or  otherwise 
are  unsuccessful,  and  for  which  they  will  not  receive  credit  in  the 
reproduction  value  determined  in  the  usual  way. 

It  may  be  questioned  by  some  whether  failures  and  unsuccessful 
works  are  not  covered  by  the  allowance  for  contingencies,  which  is 
generally  included  in  the  reproduction  value  of  the  physical  property 
and  must  be  included  in  any  preliminary  estimate  of  the  cost  of 
work  to  be  done,  if  the  engineer  intends  to  have  his  estimate  agree 
with  the  probable  cost  of  the  completed  work.  There  is  no  doubt  that 
a  sufficient  allowance  for  contingencies  would  cover  also  the  risk 
of  failures  and  non-success,  but  the  writer  does  not  believe  that  it 
is  the  custom  of  engineers  to  make  sufficient  allowance  for  this  pur- 
pose in  works  of  a  hazardous  nature. 

It  would  not  be  fair  to  the  public  to  charge  to  the  value  of  the  works 
the  amount  of  money  lost  by  some  great  disaster,  but  on  the  other 
hand,  it  is  not  fair  to  the  public  service  corporation  constructing 
hazardous  works  to  charge  only  the  cost  of  reproducing  such  works, 
without  adding  to  such  cost  the  value  of  the  risk  which  they  have 
incurred.  This  value  the  writer  would  include  as  a  "development 
expense"  and,  consequently,  as  a  part  of  the  "going  concern  value." 

In  the  early  years  of  any  large  plant,  defects  in  design  or  apparatus 
are  frequently  discovered,  and  are  made  good  at  a  considerable  ex- 
pense. Temporary  works  are  frequently  installed,' -and  are  given  up  as 
soon  as  the  permanent  works  are  completed.  All  such  items  of  expense 
do  not  appear  in  the  reproduction  value  of  the  physical  property, 
and,  unless  otherwise  provided  for,  shoidd  be  included  as  a  part  of  the 
"development  expense." 
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W.   G.   Price,   M.   Am.    Soc.    C.   E.    (by  letter).— The   writer   has  ^Mr. 
learned  by  experience  that  it  is  possible  to  construct  on  a  sand  founda- 
tion a  dam  which  cannot  be  carried  away  by  the  force  of  flood-waters, 
although  the  cost  will  usually  be  greater  than  when  there  is  a  rock 
foundation. 

The  design  must  be  such  that  parts  of  the  dam  cannot  be  separated 
from  the  main  part  by  any  force  of  water  which  will  come  against  it. 
The  whole  structure  must  be  heavy,  and  so  broad  that  it  cannot  be 
moved  bodily  dov^^l  stream,  or  be  overturned.  It  must  be  very  flexible 
througliout,  so  that  when  the  water  cuts  the  sand  or  gravel  out  from 
under  it,  the  dam  will  bend  and  stretch,  and  sink  into  the  cavity  with- 
out breaking,  and  the  material  which  goes  into  the  cavity  must  then 
he  replaced  with  the  same  kind  of  material  on  top  of  the  dam;  and 
this  must  be  repeated  until  the  force  of  the  water  can  dig  no  deeper. 

If  the  banks  of  the  stream  are  also  composed  of  material  which 
can  be  eroded,  the  structure  must  be  carried  far  enough  back  and  over 
the  bank,  and  made  of  sufficient  vertical  thickness  to  enable  it  to  drop 
flexibly  and  fill  any  cavity  which  may  be  cut  out  under  it. 

*  This  discussion  (of  the  paper  by  Arnold  C.  Koenig,  Assoc.  M.  Am.  Soc.  C.  E..  published 
in  PinreediiKix  for  Jannirv,  lOll.  and  presented  at  the  meeting  of  March  15th.  1911).  is 
printed  in- P/«f«<'f//"f/v  in  order  that  the  views  expressed  may  be  brought  before  all  mem- 
bers for  further  discussion. 
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Mr.  There  is  a  limit  to  the  depth  to  which  the  force  of  the  water  can 

undermine  and  sink  a  structure  of  this  kind,  and,  when  that  limit  has 
been  reached,  the  top  part  of  the  dam,  or  that  part  which  is  exposed 
to  the  air,  can  be  finished  in  concrete. 

Sheet-piling  may  be  necessary;  but  there  must  be  no  piling  under 
or  attached  to  the  dam,  which  will  prevent  it  from  sinking. 

The  writer  has  built  a  number  of  dams  on  this  plan,  where  the 
sand  was  too  deep  for  a  rock  or  other  secure  foundation  to  be  reached, 
and  they  have  not  been  carried  away.  He  constructed  the  two  dams 
in  the  Atchafalaya  River  at  Simmesport,  La.,  the  type  being  conceived 
and  designed  by  him,  as  above  described.  They  were  completed  in 
1890,  and  are  still  in  good  condition. 

Under  these  dams  there  was  a  stratum  of  fine  sand  80  ft.  thick,  and 
it  extended  for  miles  on  each  side  of  the  river.  The  depth  of  the  river 
at  low  water  was  about  50  ft.,  and  the  dams  in  the  center  were  de- 
pressed to  5  ft.  below  low  water.  During  floods  the  river  rises  50  ft. 
above  the  dams,  and  the  velocity  of  the  water  directly  over  them  is 
then  more  than  20  ft.  per  sec,  and  the  discharge  nearly  500  000  cu.  ft. 
per  sec. 

It  is  the  writer's  opinion  that  permanent  dams  on  this  plan  can  be 
constructed  across  any  alluvial  stream,  such  as  the  Missouri,  Missis- 
sippi, or  the  Colorado,  with  its  bed  of  very  fine  silt.  The  water  may 
dig  50  ft.  or  more  in  depth  before  it  gives  up  the  fight  to  destroy  the 
dam. 
Mr.  Alexander  Potter,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter).— By  the 

census  recently  published,  many  cities  in  the  Western  States  show 
increases  of  from  300  to  500%  in  the  last  decade,  and  in  many 
cases  there  is  nothing  to  prevent  their  continued  growth.  This 
condition  of  abnormal  growth  also  exists  in  the  Canadian  North- 
west. To  meet  the  increasing  municipal  and  commercial  needs  of  these 
cities,  it  is  becoming  necessary  to  harness  the  rivers  and  streams,  but 
on  many  of  them  it  is  impossible,  and  on  others  impracticable,  for 
economic  reasons,  to  found  the  necessary  structures  on  rock.  This 
paper,  therefore,  is  timely,  and  it  is  to  be  hoped  that  those  who  have 
had  experience  in  founding  large  structures  of  this  type  on  what  are 
considered  to  be  unstable  foundations,  will  relate  the  results  of  their 
experience. 

On  many  of  these  Western  rivers  it  becomes  necessary  to  construct 
dams  which  do  not  extend  across  the  full  width  of  the  permanent  valley. 
The  alluvial  deposits  often  form  a  natural  dam  for  the  greater  part  of 
the  total  width  of  the  original  valley,  and  the  rate  of  percolation 
through  this  natural  dam  becomes  an  important  feature  in  the  economy 
of  the  design.  In  such  cases  the  determination  of  the  rate  of  percola- 
tion, therefore,  is  also  important. 

It  will  be  conceded  that  the  main  problem  is  to  prevent  even  the 
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slightest  movement  in  the  material  on  which  the  dam  is  founded,  and     Mr. 


it  is  pleasing:  to  note  that  the  author's  experience  with  quicksand  as  a 
foundation  warrants  his  conclusion  that  it  has  lost  the  terrors  that  it 
ordinarily  arouses. 

The  writer  was  recently  forced  to  face  the  problem  of  designing 
a  dam  under  just  such  conditions  as  are  referred  to  by  the  author,  and 
he  was  impressed  by  the  lack  of  precedent  and  information  concern- 
ing such  an  important  branch  of  engineering.  Therefore,  he  voices 
tlie  hope  of  the  author  that  this  paper  will  bring  out  a  full  and  free 
discussion  from  those  who  have  had  experience  in  the  construction  of 
(lams  which  have  not  been  founded  on  solid  material. 

For  the  depth  of  penetration  of  sheet-piling  the  author  suggests  a 
general  rule  which  presupposes  the  ability  to  procure  a  continuous 
line  of  water-tight  sheet-piling  to  the  depth  he  mentions.  For  high 
dams,  wooden  sheet-piling  is  ovit  of  the  question,  because  of  the  inabil- 
ity to  drive  it  when  the  dam  is  founded  on  material  requiring  a  great 
depth  of  penetration.  Even  with  dams  of  less  height,  the  difficulty  of 
securing  a  continuous  line  of  tight  sheet-piling  is  great,  and  the  cases 
on  record  where  a  continuous  and  tight  sheet-piling  has  been  driven 
to  a  depth  of  30  ft.  or  more,   are  few. 

The  use  of  steel  sheet-piling  for  a  cut-off  wall  of  a  reservoir  may 
be  open  to  criticism  because  of  the  possibility  and  probability  of 
abrasion  of  the  protective  coating  on  the  steel  in  the  process  of  driv- 
ing. The  extent  of  the  deterioration  of  the  steel  when  used  for  such 
construction  is  of  great  importance,  and  the  writer  has  found  it  diffi- 
cult to  secure  any  reliable  evidence  as  to  the  lasting  qualities  of  steel 
when  used  under  somewhat  similar  conditions.  Contributions  from 
engineers  having  experience  with  steel  sheet-piling,  under  conditions 
which  could  be  taken  as  precedent  for  a  steel  cut-off  wall,  should  form 
a  very  valuable  feature  of  the  discussion  of  this  paper. 

The  writer's  attention  has  recently  been  called  to  a  process  of  con- 
structing a  continuous  concrete  cut-off  wall  of  any  depth  by  first  driv- 
ing square  timbers  to  which  are  fastened  steel  channels.  The  timbers 
between  the  channels  are  removed  one  at  a  time,  the  channels  being 
left  in  place  for  forms,  and  the  space  between  them  filled  with  con- 
crete. When  the  concrete  has  set,  the  steel  channels  are  removed.  The 
writer  trusts  that  some  one  familiar  with  this  method  will  describe  it. 

The  author's  remarks  on  the  percolation  of  water  through  sand  and 
their  application  to  show  one  of  the  principal  causes  of  failure  of 
sheet-piling  dams  are  very  interesting.  Attention  might  be  called  to 
another  cause  of  failure  of  such  structures  not  founded  on  rock,  and 
one  which  has  not  received  the  study  it  merits.  In  a  structure  of 
this  type  of  any  considerable  magnitude,  it  is  impossible  to  prevent 
unequal  settlement.  Such  settlement  is  due  principally  to  the 
non-homogeneity    of   the    compressible   foundation;    sometimes,    in    a 
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poorly  designed  structure,  it  is  due  to  the  excessive  foundation  pres- 
sures developed  at  various  points.  Provision  should  be  made  for 
unequal  settlement  in  such  a  structure,  as  it  is  often  sufficient  to 
rupture  it  completely  at  one  or  more  points.  These  settlement  cracks, 
often  of  considerable  magnitude,  are  very  serious  when  they  develop 
in  the  lower  part  of  the  dam.  A  small  stream  of  water  begins  to  per- 
colate through  the  crack,  and  its  tendency  is  to  undermine  the  founda- 
tion gradually  by  removing  the  fine  material.  This  undermining  and 
settlement  once  begun,  is  progressive,  and  the  ultimate  failure  of  the 
structure  is  only  a  question  of  time. 

Settlement  joints — or,  as  they  are  sometimes  erroneously  called, 
"expansion  joints" — should  extend  entirely  through  the  structure,  and 
permit  of  a  liberal  movement  in  any  direction  at  the  joint.  There 
appears  to  be  no  reason  why  these  joints  cannot  be  made  permanently 
water-tight  with  either  lead  or  copper  plates.  The  distance  between 
such  joints  is  at  present  an  open  question,  but  it  should  not  exceed 
200  ft. 

Uneqvud  settlement  and  percolation  under  a  dam  can  be  prevented 
to  a  very  great  extent  by  increasing  the  width  of  the  base,  within  rea- 
sonable limits  of  economy.  The  width  of  the  base  adds  to  the  stability 
far  more  than  any  other  single  factor. 

Attention  is  also  called  to  the  fact  that  the  author  has  not  brought 
out  with  sufficient  force  the  necessity  of  relieving,  by  a  system  of 
drains,  the  hydrostatic  pressure  constantly  developing  under  the  floor 
of  the  dam.  The  necessity  of  relieving  this  pressure  as  much  as  possi- 
ble is  as  great,  for  the  comparatively  narrow,  solid,  gravity  section, 
as  for  the  hollow,  reinforced  concrete  dam,  if  not  greater. 

T.  Kennard  Thomson,  M.  Am.  See.  C.  E. — If  a  rock  foundation 
cannot  be  obtained,  either  because  there  is  no  rock  or  on  account  of 
inability  to  raise  funds  for  a  permanent  dam,  a  dam  on  sand  founda- 
tions may  be  quite  justified,  provided  it  is  not  made  too  high.  There 
is  no  doubt  that  sheet-piling  would  greatly  retard  the  flow  of  water 
under  a  dam,  but  it  would  be  very  dangerous  to  assume  that  the 
results  of  this  retarding  could  be  determined  definitely  by  calculation, 
for,  as  the  author  very  properly  says,  the  failures  are  more  often 
"on  account  of  carelessness  in  driving  and  faulty  alignment  than  from 
insufficient  depth  of  penetration."  This  carelessness  or  unintentionally 
poor  work,  however,  is  always  likely  to  occur.  Cases  are  well  known 
where  piles,  driven  with  considerable  care,  have  afterward  been  found 
to  have  been  telescoped  or  badly  bushed,  without  having  gone  down  to 
the  proper  depth  or  as  deep  as  supposed.  Many  have  seen  wooden  sheet- 
piling,  driven  with  the  utmost  care,  with  tongued  and  grooved  or 
similar  joints,  which  appeared  to  be  in  perfect  alignment  on  the  sur- 
face, and  yet  the  piles  have  been  forced  apart  below  ground.  In  the 
Brooklyn  Navy  Yard  some  steel  sheet-piling  had  been,  apparently,  per- 
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t'cctly    (lri\cii.   the   tops   showing   in   true   alignment,  but  the  bottoms       Mr. 
wore  twisted,  bent,   and  eoilod  in   all   imaginable  shapes;  and  yet  the '^''°™^°°- 
piling  consisted  of  8-  and  10-in.  channels  separated  by  6-in.  timbers  and 
firmly   liolted  together.      It  would  be  difficult  to  get  a  stronger  sheet- 
piling. 

For  these  reasons,  the  speaker  would  not  like  to  rely  on  driving 
sheet-piling  to  such  a  depth  as  50  ft.,  as  suggested  by  the  author; 
for,  if  the  conditions  were  such  that  one  could  be  sure  of  driving  it 
to  such  depths,  the  ground  would  be  so  soft  as  to  be  unsafe.  As 
it  is  impossible  to  ascertain  the  condition  of  driven  piling,  one  must 
tiike  a  good  deal  for  granted.  The  speaker  does  not,  by  any  means, 
wish  to  infer  that  he  would  not  recommend  sheet-piling  to  retard  the 
flow;  he  simply  wishes  to  utter  a  warning  against  placing  too  much 
reliance  on  such  protection. 

The  sections,  shown  by  the  author — Figs.  1,  2,  3,  and  4 — for  concrete 
dams  on  a  sand  or  earth  foundation,  would  be  sure  to  develop  bad 
cracks.  In  fact,  the  speaker  does  not  consider  such  masonry  dams 
at  all  appropriate  for  a  sand  or  loam  foundation,  as  the  foundation  is 
more  or  less  yielding,  while  the  structure  above  is  naturally  unyielding, 
until  collapse.  It  would  seem  that  an  earth  dam  with  a  core-wall  w^ould 
be  much  more  appropriate.  The  sheeting  could  be  driven  imder  or 
near  the  core-wall. 

G.  E.  P.  Smith,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). — Dams  on  Mr. 
sand  foundations  are  now  quite  generally  thought  to  be  as  necessary  ^™"  ' 
engineering  projects  as  those  on  rock  bottoms.  The  examples  of  such 
structures  now  in  successful  use  show  wide  variation  and  also  great 
ingenuity  in  their  design.  There  have  been  failures  of  such  dams, 
usually  due  to  unprecedented  floods  for  which  the  dams  were  not 
designed,  or  to  the  lack  of  engineering  direction  in  their  design  or  in 
their  construction,  or  to  the  slow  deterioration  of  some  portion  of  the 
structures  without  attention  to  their  up-keep.  Any  of  these  causes 
may  be  equally  disastrous  to  dams  on  bed-rock. 

As  a  preliminary  to  the  discussion  of  dams  on  sand  beds,  the  laws 
of  flow  through  saturated  pervious  deposits  should  be  understood.  The 
following  remarks  have  reference  to  those  cases  in  which  it  is  impracti- 
cable to  shut  off  the  underflow  of  water  by  a  curtain-wall  extending  to 
an  impervious  stratum. 

The  resistance  to  seepage  flow  is  that  due  to  water  friction,  both 
internal  and  surface,  and  depends  therefore  on  the  character  of  the 
medium  and,  to  a  lesser  extent,  on  the  viscosity  of  the  water.  Capillary 
attraction  does  not  exist  as  a  force  in  saturated  deposits.  It  has  been 
shown  by  investigators  that  the  velocity  of  seepage  flow  is  a  function 
of  the  porosity  of  the  material,  of  the  "effective  size"  of  grains,  of  the 
hydraulic  gradient,  and  of  the  temperature,  each  in  an  important 
degree. 
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Mn  The  "effective  size"  of  a  sand  was  defined  by  Hazen  as  that  size, 

than  which  90%  by  weight  of  the  material  is  coarser  and  10%  is  finer, 
a  definition  based  on  experiments  with  Massachusetts  deposits.  The 
resulting  formula  coefficients,  however,  are  not  of  wide  application, 
and  have  been  shown  to  be  much  in  error  when  applied  to  river  sands 
in  the  Rocky  Mountains.  Grading  sands  with  King's  aspirator  is  a 
more  rational  method,  but  in  this  case,  also,  the  coefficient  in  the  flow 
formula  and  the  graduation  table  are  dependent  on  the  sand  used 
in  the  rating.  No  satisfactory  basis  has  yet  been  found  for  classifying 
sands  and  gravels.  The  effects  of  the  sharpness  or  roundness  of  grain, 
of  the  various  crystalline  constituents  (for  example,  mica),  and 
especially  of  the  peculiar  stratification  of  sand  in  situ  due  to  its  sorting 
by  running  water,  seem  quite  incapable  of  mathematical  expression. 
Therefore  the  formulas  for  seepage  flow  are  useful  for  deducing 
comparative  results  in  a  region,  rather  than  for  obtaining  absolute 
values.  A  recent  article  in  the  technical  press,  describing  the  con- 
struction of  weirs  on  sand  foundations  in  India,  proposes  empirical 
formulas  for  general  use  in  designing  such  structures.  It  is  possible 
that  the  formulas  should  be  much  modified  for  use  in  America,  or 
rather,  in  each  section  of  America. 

It  is  to  be  noted  that  the  velocity  of  true  seepage  flow  varies 
approximately  as  the  first  power  of  the  pressure  head,  or  of  the 
gradient,  and  hence  the  ordinary  formula  for  free  flow, 

V  =  \/  2  g  h, 

is  inapplicable  to  this  discussion.  With  very  coarse  sorted  materials, 
the  flow  is  not  exactly  seepage,  but  is  partly  free  flow. 

The  flow  through  river  sands  in  situ  is  of  greater  interest  than  that 
of  flow  through  screened  media.  Much  experimental  knowledge  of  the 
former  has  been  obtained  by  Professor  C.  S.  Slichter,  who  devised 
an  electrolyte  method  of  measuring  the  rate  of  movement  of  ground- 
water, and  has  carried  on  investigations  in  many  localities,  from  Long 
Island  to  California.  His  results  are  available  in  the  Water  Supply 
Papers  of  the  U.  S.  Geological  Survey.  The  average  velocity  of  under- 
flow in  the  Arkansas  River  sand  was  found  by  Slichter  to  be  7.4  ft. 
per  24  hours,  while  the  maximum  value  obtained  was  22.9  ft.  The 
latter  value  is  equivalent  to  a  velocity  of  about  J  in.  per  sec.  with  a 
hydraulic  gradient  of  1 :  10.  The  writer  found  maximum  velocities  of 
underflow  of  more  than  400  ft.  per  day  on  an  Arizona  stream  with  a 
gradient  of  20  ft.  per  mile.  Before  designing  a  dam  or  weir  on  a 
sand  foundation,  where  the  perviousness  of  the  sand  is  unknown,  this 
factor  should  be  determined  by  direct  measurements. 

The  effects  of  seepage  flow  beneath  a  structure  are  of  two  kinds : 
first,  the  grains  of  the  material  may  be  moved,  particularly  at  the 
toe  of  the  apron,  where  a  point  of  maximum  seepage  velocity  exists; 
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second,  the  distribution  nnd  niiuinnt  of  upward  pressure  on  tlie  struc-  ,Mr. 
ture  is  modified  by  the  seepage,  and  may  be  the  primary  cause  of ' 
faihire,  especially  if  there  is  a  wide  apron.  The  first  effect  depends 
on  the  velocity  of  the  seepage  and  the  size  of  the  grains  of  sand,  and 
may  be  made  inactive  by  lengthening  the  path  of  the  overflow.  The 
danger  is  reduced  by  placing  a  rip-rap  of  boulders  at  the  toe,  the 
smallest  ones  at  the  bottom,  the  largest  ones  on  top.  The  second  effect 
is  dependent  on  the  design  of  the  foundation  and  base  of  the  structure. 

Tn  his  treatment  of  sheet-piling,  the  author  has  endeavored  to  estab- 
lish a  relationship  between  the  depth  of  penetration  and  the  head  of 
water  behind  the  dam.    It  would  seem,  however,  that  the  piling  should 
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AN  APPROXIMATE  ANALYSIS  OF  TH 
SEEPA3E  FLOW  BENEATH  A  DAM  OR 
OTHER  STRUCTURE  ON  A  PERVIOUS  BED! 

A  li  C    REPRESENTS  AN  ELEMENT  OF  FLOW. 

THE  CURTAIN-WALL  IS  PROPERLY  AT  (NEAR)  THE  HEEL. 

THE  HYDRAULIC  GRADIENT  IS  ASSUMED  TO  BE  A  STRAIGHT  LINE. 


Fig.  5. 

not  be  considered  as  an  independent  feature  of  the  design.  The  same 
result  can  be  attained  by  a  long  base  with  even  no  piling  at  all,  or  by 
a  short  base  with  piling,  and  the  choice  of  the  final  design  is  largely 
an  economic  one.  In  the  Laguna  Dam  very  short  piling  was  used,  and 
its  effect  in  "discouraging"  the  underflow  of  water  is  not  great.  In 
that  case  rock  filling  was  obtained  cheaply,  and  the  wide  base  was 
adopted. 

To  illustrate  the  effect  of  a  curtain-wall  on  the  stability  of  a 
structure,  and  to  show  the  general  dependence  of  the  problem  on  the 
law  of  seepage  flow,  the  following  approximate  analysis  is  made.  In 
Fig.  5  the  ratios  of  base,  head,  and  depth  of  penetration  are  retained 
as  in  Fig.  2,  but  the  figure  is  simplified  for  the  purpose  of  analysis. 
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Mr.  Let  H  =  maximum  head  of  water  between  heel  and  toe  of  dam, 

Smith.  ,,  -AT  i 

iisually  occurring  at  low  water; 
d  (=  —  1.61?)  =  depth  of  penetration; 
L  (=  l.Zd)   =  length  of  base; 
li'   =  head  lost  on  the  right  of  the  curtain-wall; 
;/'  =     "        "      "     "     left      "     "         "  " 

0     =  a  constant,  depending  on  the  character  of  the  sand; 
Q     =  quantity  of  seepage  flow  per  unit  of  time. 
Let  ABG  be  a  differential  element  of  flow.     The  assumptions  as  to 
the  length  of  the  element  and  its  triangular  shape  are  approximate, 
and  introduce  errors,  which,  however,  tend  to  balance  each  other.     The 
sand  is  assumed  to  be  uniform  in  character. 

The  formula  for  seepage  flow  may  be  written  thus : 

Q  =  O^, 

in  which  S  is  the  cross-sectional  area.     In  the  differential  triangle,  on 
the  up-stream  side,  the  average  cross-section  is 

S  =         .        dx. 

'^  V  d'  +  X- 

Then 


dQ 

Gh!  d     dx 

2     d^  +  ^2' 

Q 

h' 

--!• 

Similarly,  on  the  down-stream  side 
„       :5  d 


TfCh' 
4 


dx. 


4  V  x^  +  Mx-\-^.md'' 
Whence 

Q 

Therefore,  about  one-third  of  the  head,  H,  is  lost,  or  neutralized,  on 
the  up-stream  side  of  the  piling.  The  upward  pressure  at  the  heel 
of  the  dam  is  not  measured  by  the  pressure  at  the  point  of  the  piling. 
There  is  a  further  loss  of  head  in  the  flow  upward,  and  evidently  it 
may  be  taken  at  two-fifths  of  li",  so  that  the  upward  pressure  at  the 
heel  is  equal  to  three-fifths  of  h",  and  hence  equals  0.39ff.  This  heel 
pressure  is  shown  in  Fig.  5  as  the  ordinate  used  to  determine  the 
hydraulic  gradient.  The  upward  pressure  decreases  from  the  heel  to  a 
small  value  at  the  toe.  The  gradient  is  subject  to  a  correction  dependent 
on  the  depth  of  the  base  below  the  river  bed. 
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As  stated  above,  this  demonstration  is  illustrative  merely,  but  it    Mr. 
exhibits  the  principle  that  the  problem  involves  all  the  lines  of  flow.  '     '  '' 
To  consider  only  that  line  of  flow  which  follows  along  the  piling  and  the 
base  of  the  dam  is  erroneous. 

Without  the  curtain-wall,  the  hydraulic  gradient  would  be  the  higher 
line  shown  in  Fig.  5,  allowance  being  made  for  losses  at  entrance  and 
exit,  'i'lierefore  the  effect  of  the  curtain-wall,  for  the  given  ratio  of 
base  to  depth  nt'  penetration,  is  to  reduce  tlic  upward  pressure  on  the 
structure  by  about  one-half.  The  velocity  of  flow  will  also  be  diminished 
al)out  one-half  by  the  curtnin-\v;ill,  inasmuch  as  the  minimum  length 
of  the  ildw  line  is  increased  frmu  \.^>d  to  2.8d. 


A  STUDY  OF  THE  AMOUNT  AND 

DISTRIBUTION  OF  PRESSURE  ON  BOTH  SIDES 

OF  A  CURTAIN-WALL  AND  ON  THE  BASE  OF         iq  ^ 

A  DAM  OR  OTHER  STRUCTURE  ON  A  PERVIOUS  BED. 

BASE  OF  DAM  =1.5  DEPTH  OF  CURTAIN-WALL. 


Fig.  C. 

The  ctfcct  of  anuthcr  line  of  sheet-piling  placed  near  the  toe  of  the 
structure  would  be  to  reduce  the '  velocity  of  the  underflow,  but  to 
increase  the  upward  pressure.  Sheet-piling  is  most  effective  when 
concentrated  at  or  near  the  heel,  and  piling  which  is  water-tight  should 
not  be  used  under  the  toe  or  beneath  the  apron.  Referring  to  the 
detached  line  of  piling  and  concrete  curb,  as  proposed  by  the  author 
and  shown  in  Figs.  1  and  2,  would  not  the  effect  be  to  increase  the 
upward  seepage  flow  between  the  curb  and  the  toe  of  the  dam,  and 
thus  be  an  element  of  weakness  rather  than  safety?  In  some  of  the 
rivers  of  the  West — the  Gila,  for  example — detached  piling  of  that 
character  is  apt  to  disappear  during  high  floods. 
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Mr. 
Smith, 


At  the  writer's  suggestion,  Professor  H.  C.  Wolff,  of  the  mathe- 
matics department.  University  of  Wisconsin,  has  undertaken  the 
rigorous  solution  of  the  problem  of  underflow  beneath  a  dam.  It 
involves  the  use  of  a  pressure  function  which  is  determined  to  satisfy 
Laplace's  equation,  with  the  imposed  boundary  conditions.  The  case 
is  entirely  analogous  to  problems  of  the  flow  of  heat. 

The  results  of  Professor  Wolff's  analysis,  applied  to  the  structure 
discussed  above,  are  shown  in  Pig.  6.  The  flow  boundary  is  down  the 
face  of  the  piling,  up  the  back,  and  along  the  base  of  the  dam.  The 
head  is  considered  to  be  divided  into  ten  equal  parts,  and  the  losses 
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of  the  successive  parts  are  indicated  by  the  ten  divisions  along  the 
boundary.  The  hydraulic,  or  pressure,  gradient  is  then  plotted  in  the 
lines,  ah,  Vc,  and  c'd.  If  H  is  assumed  to  be  10  ft.,  then  each  ordinate 
is  shorter  than  the  previous  ordinate  by  1  ft.  The  upward  pressure  on 
the  dam  varies  from  O.Z%H  at  the  heel  to  no  pressure  directly  at  the 
toe;  but,  at  a  short  distance  back  from  the  toe,  the  pressure  on  the 
apron  is  considerable.  The  average  upward  pressure  on  the  base  is 
0.27H.  Relatively  high  velocities  of  seepage  flow  occur  at  the  point  of 
the  piling  and  at  the  toe  of  the  dam,  as  indicated  by  the  slope  of  the 
hydraulic  gradient. 
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The   line,  d'd,  represents  the  hydraulic  gradient  when  there  is  no    Mr 
curtain-wall   beneath   the   dam.      The  line   is   plotted  from   thirty-five 
computed  points.    It  is  a  sine,  or  ogee,  curve,  and  the  maximum  veloci- 
ties occur  at  the  heel  and  at  the  toe.     The  average  upward  pressure  is 
(1.5//.    At  one-tenth  the  base  length  from  the  toe  the  pressure  is  0.21//. 

I^y  applying  the  same  method  of  analysis  to  a  series  of  cases,  in 
which  the  depth  of  penetration  is  taken  at  various  percentages  of  the 
base,  the  curves  of  Fig.  7  are  obtained.  The  curves  show  how  the 
average  upward  pressure  and  tlio  upward  pressure  at  the  heel  of  the 
dam  decrease  as  the  deptli  of  tht>  piling  increases.  It  is  apparent 
tliat  the  benefit  derived  from  the  piling  decreases  with  the  depth — 
an  example  of  the  principle  of  diminishing  returns. 

It  appears,  also,  that  the  uplift  on  the  apron  is  much  greater  than 
it  is  ordinarily  assumed.  Aprons  which  are  very  thin  in  section  are 
common.  !Much  thought  must  be  given  to  the  design  of  the  apron  and 
of  the  overfall  face. 

The  entire  problem  of  dams  and  weirs  on  sandy  river  beds  is  one 
of  unusual  difficulty,  and  is  complicated  by  uncertain  factors  such  as 
the  cflFects  of  impact  and  cross-currents,  and  the  extremely  variable 
velocity  of  seepage  in  different  sands.  Doubtless  our  knowledge  con- 
cerning such  structures  will  be  greatly  increased  in  the  future,  as  their 
number  increases. 

Allen  Hazen,  M.  Am.  See.  C.  E.  (by  letter). — An  investigation  of  Mr. 
the  stability  of  dams  built  on  sands  and  gravels  is  a  most  com- 
mendable undertaking,  and  is  likely  to  lead  to  success  in  many  cases. 
In  reaching  success,  an  adequate  knowledge  of  the  laws  of  the  flow  of 
water  through  sands  and  gravels  is  of  fundamental  importance,  and 
the  writer  regrets  to  see  such  calculations  discarded  by  the  author. 

The  results  credited  to  the  Massachusetts  State  Board  of  Health 
were  the  work  of  the  writer,  about  twenty  years  ago,  at  the  Lawrence 
Experiment  Station.* 

These  results  have  been  quoted  many  times,  but  in  doing  this  their 
form  has  been  sometimes  changed,  new  assumptions  have  been  intro- 
duced, and  limitations  originally  made  have  been  omitted,  so  that,  in 
using  them  at  the  present  time,  the  only  safe  way  is  to  refer  to  the 
original  publication. 

There  is  no  reason  why  flows  through  gravels  should  follow  the 
formula  given  for  sand,  as  the  author  seems  to  suppose.  In  the 
original  publication  it  was  clearly  stated  that  this  was  not  the  case,  as 
appears  from  the  following  quotations: 

"The  frictional  resistance  of  sand  to  water  within  certain  limits 
of  size  of  grain  and  rate  of  flow  varies  directly  as  the  rate  and  as  the 
depth  of  sand.  This  is  given  by  Piefke  as  Darcy's  law.  I  have  found 
that  tlie  friction  also  varies  with  the  temperature,  being  twice  as  great 

*  Described  in  the  Annual  Report  lor  1892,  p.  539. 
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Mr.     at  the  feezing  point  as  at  summer  heat  both  for  coarse  and  fine  sands, 
Hazen.  ^^^  ^j^^  ^j^^^  ^j^j^  different  sands  the  resistance  varies  inversely  as  the 
square  of  the  effective  size  of  the  sand  grain." 

The  formula  was  then  given  for  the  flow  of  water  in  sands  with 
effective  sizes  between  0.1  and  3.0  mm.     It  was  then  stated: 

"For  gravels  with  effective  sizes  above  3  millimeters  the  friction 
varies  in  such  a  way  as  to  make  the  application  of  a  general  formula 
very  difficult.  As  the  size  increases  beyond  this  point,  the  velocity  with 
a  given  head  does  not  increase  as  rapidly  as  the  square  of  the  effective 
size;  and  with  coarse  gravels  the  velocity  varies  as  the  square  root  of 
the  head  instead  of  directly  with  the  head  as  in  sands.  The  influence 
of  temperature  also  becomes  less  marked  with  the  coarse  gravels." 

The  table  was  therefore  prepared  showing  the  experimental  results 
for  gravels,  not  covered  by  the  sand  formula.  It  is  also  to  be  noted 
that  in  the  original  publication  results  were  uniformly  expressed  in 
terms  of  meters  daily  in  a  solid  column  of  water  of  the  same  area  as 
that  of  the  sand.  In  quoting  the  results  in  the  present  case  the  terms 
of  the  statement  have  been  changed  by  assuming  40%  of  voids  and  by 
multiplying  the  figures  by  2.5,  besides  otherwise  changing  the  units 
of  the  formula. 

The  Lawrence  formula  may  be  relied  on  at  this  time,  not  alone  or 
principally  because  of  the  relatively  limited  experience  on  which  it  was 
originally  based,  but  because  it  has  been  widely  applied  since  that  time, 
and  when  properly  applied  has  proved  reliable. 

It  certainly  does  not  discredit  the  formula  that  the  coefficient  varies 
with  the  character  and  cleanliness  of  the  sand,  and  even  to  a  certain 
extent  with  the  "uniformity  coefiicient,"  which  is  a  measure  of  the 
relative  range  in  size  of  particles  in  the  same  sample.  It  is  well  known 
that  there  is  a  range  in  the  coefficients  to  be  used  in  computing  the 
flow  of  water  through  pipes,  but  the  fact  that  a  higher  coefficient  is 
used  for  a  clean  and  smooth  pipe  than  for  an  old  and  dirty  one  is  no 
reason  for  discarding  the  formula.  In  the  flow  of  water  through  the 
much  more  complex  passageways  between  the  grains  of  sand  there 
will  obviously  be  variations  in  the  coefficient,  depending  on  the  shape 
and  smoothness  of  the  particles,  the  way  in  which  they  are  packed,  and 
the  quantity  of  finer  foreign  material  also  contained  in  those  pores. 
As  a  matter  of  fact,  the  variation  of  c  in  the  original  formula, 

F=  ccV       (.70+  .03  t), 

is  not  especially  great.  The  coefficient  rarely  falls  below  400,  even 
for  old  and  dirty  sand,  and  rarely  rises  above  1  200,  and,  in  a  majority 
of  ordinary  sands,  falls  between  700  and  1  000.  This  is  certainly  not 
a   wide    range. 

It  is  to  be  noted  that  the  formula  was  never  intended  to  apply 
to  clays,  hardpans,  soils,  and  other  materials.     The  effort  to  apply  it  to 
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siR'h  materials  is  not  to  be  encouraged,  and  tlio  results  arc  not  to  be    Mr. 

,  .     ,  Ilazeii. 

depended   on. 

The  procedure  of  sifting  a  sample  of  the  sand  through  rated  sieves, 
plotting  the  results,  and  determining  the  effective  size  and  the  uni- 
formity coefficient,  is  a  very  definite  one,  and  comparatively  simple. 
Nevertheless,  erroneous  results  have  frequently  been  reached,  by  failure 
to  observe  the  fundamental  requirements. 

It  may  not  be  amiss  at  this  time  to  define  the  procedure  as  to  some 
of  the  matters  regarding  which  errors  have  been  made  most  frequently. 

The  effective  size  is  that  size  such  that  10%  by  weight  of  the 
particles  are  smaller  than  it.  The  decision  to  use  10%  was  reached 
by  a  study  of  experimental  results  with  various  sands  at  the  Lawrence 
Experiment  Station.  It  was  found  that  the  10%  line  was  a  distinctly 
better  basis  for  arranging  the  experimental  results  than  either  the 
8%  line  or  the  12%  line,  and  therefore  it  was  selected.  The  data  on 
which  this  decision  was  reached  were  good,  although  not  numerous; 
subsequent  experience,  with  a  greater  variety  of  sands,  has  not  shown 
reason  for  reconsidering  the  decision  first  reached. 

The  diameter  of  a  sand  grain  is  defined  as  that  of  a  sphere  of  equal 
volume.  This  must  be  rigorously  insisted  on.  Taking  the  diameter 
of  grains  as  equal  to  the  measured  mesh  of  sieve  or  sonie  such  arbitary 
basis  invariably  leads  to  errors  which  may  be  large. 

The  method  of  rating  the  sieves  described  in  the  original  publica- 
tion was  simple  and  sufficient.  It  consisted  in  shaking  sieves  with  a 
sample  of  representative  material  precisely  as  in  the  ordinary  course  of 
analysis,  then  taking  the  sieves  apart,  giving  each  sieve  separately  a 
slight  further  amount  of  shaking,  when  the  particles  passing  are  all 
of  nearly  the  same  size,  which  size  is  larger  than  nearly  all  the  particles 
that  have  passed  and  is  smaller  than  nearly  all  the  particles  that 
remain  on  the  sieve.  Some  of  the  particles  resulting  from  this  further 
shaking  are  weighed  and  counted,  and  the  average  diameter  is  calcu- 
lated from  the  average  weight ;  the  size  thus  found  is  the  size  of  separa- 
tion of  the  sieve.  This  process  is  repeated  several  times,  with  repre- 
sentative sands  of  different  types,  and  the  average  taken.  The  shaking 
is  not  to  be  continued  until  no  more  particles  will  pass,  as  often  stated, 
but  only  until  the  bulk  of  that  sand  that  will  pass  that  sieve  with  a 
reasonable  amount  of  shaking  has  passed,  as,  for  example,  to  the  point 
where  doubling  the  number  of  shakes  will  not  make  considerable 
difference.  There  are  always  some  holes  larger  than  the  average,  and 
if  shaking  were  continued  until  no  more  particles  would  pass,  the 
process  would  be  a  very  slow  one,  and  the  result  would  be  to  bring  the 
size  of  separation  up  to  the  size  of  the  largest  holes. 

The  sieves  must  be  of  regularly  woven  wire  cloth,  and  must  be 
carefully  rated.  It  has  not  been  found  possible  to  buy  ready-made 
sieves  wliich  can  be  relied  on  without  rating. 
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Mr.  The  process  of  mechanical  sand  analysis,  as  a  basis  for  estimating 

Hazen.  ^j^g  g^^  ^£  water  in  sands  and  gravels,  is  emphatically  not  one  that 
can  be  taken  up  in  a  spare  hour,  in  a  way  to  yield  reliable  results; 
but,  a  careful  manipulator,  by  following  a  perfectly  simple  procedure, 
may  reach  results  which  are  trustworthy,  if  not  precise,  and  which, 
in  the  words  of  the  original  publication,  enable  him  to: 

"*  *  *  decide  with  confidence  many  otherwise  indefinite  points, 
and  thus  avoid  unnecessary  expense  and  unsatisfactory  results  fi'om 
the  use  of  unsuitable  or  poorly  arranged  materials." 

As  an  illustration  of  the  practical  use  of  this  formula,  take  the 
case  of  the  filter  construction  now  under  way  at  Toronto,  Ont.  A  large 
permanent  plant  is  being  built  on  a  sand  island,  cut  by  channels,  with 
foundation  some  feet  below  lake  level.  It  was  proposed  to  dig  a 
drainage  canal  entirely  around  the  site  and  pump  the  water  out  of  it, 
thereby  draining  the  whole  site.  Calculation  made  in  August,  1908, 
assumed  this  drainage  canal  to  be  3  500  ft.  long,  and  that  the  depth 
of  material  under  the  canal  carrying  water  would  be  50  ft.,  making  a 
total  area  of  4  acres  through  which  the  water  would  flow.  The  sand 
was  assumed  to  have  an  average  effective  size  of  0.25  mm.  and  c  was 
taken  as  800.  It  was  assumed  that  the  average  distance  from  the  canal 
to  the  water  outside  would  be  200  ft.,  and  that  the  water  in  the  canal 
would  be  5  ft.  below  lake  level,  resulting  in  a  ground-water  slope  to 
the  canal  of  0.025.  At  a  temperature  of  50°  water  would  pass,  by  the 
formula,  at  the  rate  of  1.25  m.  per  day,  or  1  110  000  Imp.  gal.  per 
acre  daily,  and  for  the  4  acres  of  assumed  cross-section  of  flow  the 
total  quantity  of  water  would  be  4  440  000  Imp.  gal.  per  day.  The 
writer  does  not  think  that  any  of  the  practical  men  who  looked  at  the 
site  before  it  was  drained  believed  that  the  removal  of  so  small  a 
quantity  of  water  would  suffice.  As  a  matter  of  fact,  the  actual 
quantity  of  water  pumped  has  never  exceeded  the  computed  quantity, 
and  has  ordinarily  been  only  one-half  or  one-third  as  much,  owing  in 
part  to  the  fact  that  the  sand  proved  to  be  finer  than  was  assumed 
(actually  about  0.21  mm.  on  an  average),  and  that  the  average  distance 
from  the  canal  to  open  water  was  greater  and  the  hydraulic  slope  less 
steep  than  assumed. 

The  use  of  the  formula  in  this  case  allowed  the  installation  of  suit- 
able equipment  at  the  start,  avoided  false  moves,  and  allowed  the 
structures  to  be  built  economically  on  a  site  which,  in  the  absence  of 
such  calculation,  might  have  been  assumed  to  be  unsuitable  because  of 
the  difficulty  of  handling  the  water  in  the  sand. 

Mr.  K.  C.  Bf.ardsley,  Esq.  (by  letter). — This  subject  is  of  the  greatest 

y.  jj-^^Qpgg^  |-^  ^\^Q  writer,  and  though  some  of  the  argument  seems  to  be 
faulty,  the  paper  should  be  of  value  in  direct  proportion  to  the  amount 
of  discussion  it  brings  out. 

The   writer  has  built  some   twenty   dams   on   soft   bottoms,   about 
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lialf  of  them  being  on  sand.  A  number  of  the  earlier  dams  met  with  Mr. 
accidents,  and  each  failure  taught  a  lesson.  Mr.  Koenig's  statement  ^^''  ^  ^^' 
that  textbooks  emphatically  discourage  the  construction  of  dams  on 
sand  bottoms  is  quite  inaccurate,  as  not  a  single  textbook  is  recalled 
that  does  this.  "Hydro-EIcctric  Plants,"  by  the  writer,  devotes  con- 
siderable space  to  the  subject.  The  high  cost  of  such  dams,  when 
properly  built,  may  amount  to  "emphatic  discouragement"  to  many, 
for  it  is  true  that  for  sand  bottoms  the  cost  of  foundations  is  much 
tl\e  largest  portion  of  the  total  cost.  The  engineer  is  usually  com- 
pelled to  dispense  with  precautions  which  he  may  third?  quite  necessary 
for  the  safety  of  the  dam,  in  order  to  reduce  the  cost  to  some  figure 
guessed  at  by  the  owner  or  obtained  from  a  source  unknown  even  to 
himself. 

In  the  writer's  experience,  the  failures  above  mentioned  have  in 
every  case  been  due  to  inadequate  aprons  or  extension  mats.  The 
ideal  dam  for  sand  bottoms  is  one  consisting  of  three  essential  parts: 
(1)  At  the  up-stream  edge  there  must  be  a  water-tight  row  of  steel 
sheet-piling,  driven  to  proper  depth,  and  fastened  to  the  edge  of  the 
dam  in  a  water-tight  manner.  (2)  The  dam,  proper,  must  be  of 
permanent  and  water-tight  materials,  and  of  such  section  that  the 
pressures  are  uniformly  distributed  over  the  entire  base.  (3)  Extend- 
ing along  the  down-stream  side  of  the  dam,  some  means  must  be  pro- 
\i<led  to  conduct  the  water  which  passes  over  the  dam's  crest  in  such 
a  manner  that  no  serious  vibrations  will  be  set  up,  no  vacuums,  and  so 
that    the    undermining    of    the 

dam  will  be  prevented.  -^ C 

Fig.  8  shows  diagrammatically 
the  ideal  dam,  the  rectangle, 
A  B  G  D,  merely  represents  the 
uniformly  distributed,  effective 
weight  acting  on  the  sand  bot- 
tom and  tending  to  resist  the 
tipi)iug  and  sliding  of  the 
structure.  Fig.  8. 

The  writer  knows  of  only  two  types  of  dam  which  give  the  same 
pressure  on  every  square  foot  of  the  foundation — the  gravity  dam 
with  apron,  and  the  reversed  dam. 

In  Fig.  4  Mr.  Koenig  shows  a  gravity  dam,  and  calls  it  an 
Amburscn  dam.  The  gravity  dam  was  patented  by  the  writer's  father, 
v..  R.  Beardsley,  many  years  before  the  Ambursen  Company  went  into 
the  dam  business.  It  was  described  by  him  in  a  pamphlet  entitled 
"The  Gravity  Dam,"  published  in  1895.  Mr,  Beardsley  not  only 
explained  the  entire  theory  of  such  dams,  but  gave  to  the  dam  its 
name.     The  reversed  dam  is  a  new  type,  lately  invented  by  the  writer.* 

♦Described  in  Engineering  Record,  November  26th,  1910;  and  Engineering  Contract- 
ing,  Kebruarj-  1st,  1911. 
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Mr.  Either   of   these   dams   gives  the   desired   distribution   of  pressure. 

"  ^^'  All  other  dams  have  an  excessive  pressure  at  the  down-stream  edge, 
which,  on  sand  bottoms,  of  course,  is  a  disadvantage,  such  foundations 
having  a  questionable  safe  bearing  value.  Excessive  pressures  are 
especially  to  be  avoided  where  there  is  the  slightest  danger  of  under- 
mining. 

According  to  the  writer's  experience,  an  ideal  dam  for  the  most 
treacherous  bottoms  is  the  reversed  dam,  shown  in  Fig.  9.  This  uses 
the  gravity  principle,  but,  instead  of  carrying  the  water  load  on  the 
deck,  it  carries  a  much  larger  (two  to  three  times  larger)  water  load 
on  the  base.  The  dam,  as  shown,  is  filled  in  above  with  sand,  although 
for  the  usual  soft  bottom  this  would  not  be  required.  Such  filling  will 
give  the  maximum  degree  of  safety,  as  regards  tipping,  sliding,  and 
seepage.     The   apron   of  the   dam   is   also   provided   with   an   unusual 


Fig.  9. 

upward  curve  so  as  to  aid  in  killing  the  velocity  of  the  water  leaving 
the  dam.  In  the  case  of  high  dams,  the  lower  portion  of  the  apron 
would  be  covered  with  metal.  The  effect  of  such  an  apron  should  be 
similar  to  that  of  the  deflector  used  for  breaking  up  the  discharge 
from  high-head  impulse  wheels.  The  water  falling  from  this  curve 
would  strike  on  the  top  of  the  cribbing,  and  escape,  partly  over  the 
top  and  partly  between  the  down-stream  timbers,  tlius  spreading  the 
current  and  preventing  the  swirl  which  has  proved  fatal  to  most  sand 
bottom  dams.  As  the  finest  western  sand  will  be  eroded  by  a  velocity 
of  1  ft.  per  sec,  or  less,  and  as  it  is  a  well-known  fact  that  a  swirl 
set  up  by  water  passing  4  ft.  deep  over  a  comparatively  low  dam  will 
wash  holes  below  the  dam  to  a  depth  of  20  ft.  or  more,  the  importance 
of  damping  out  all  possible  current  will  be  appreciated.  A  crib  mat 
is  shown  as  an  ideal.     This  type  has  many  advantages,  as  it  may  settle 
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without    injury,    is   comparatively   cheap,    and    has   sufficient   depth   to        Mr. 
distribute  the  escaping  water.     This  mat  must  be  anchored  securely      '^'^  ^^^' 
l)y  chains  or  bolts,  so  that  it  cannot  settle  away  from  the  dam. 

In  .Mr.  Koenig's  paper  too  much  importance  has  been  given  to  up- 
lift under  the  dam,  due  to  seepage.  While  every  engineer  should  know 
that,  unless  such  up-lift  is  eliminated,  a  failure  is  quite  sure  to  follow, 
yet  the  elimination  of  such  pressure  is  so  easily  and  surely  accom- 
jilished  that  it  is  not  necessary  to  know  how  to  calculate  its  intensity 
when  allowed  to  exist.  On  the  bottom  of  thousands  of  filter  beds 
large  qiiantities  of  water  are  collected  through  drains  and  conducted 
away  from  the  beds  without  carrying  away  the  sand.  In  the  same 
way,  the  very  small  seepage  under  steel  sheet-piling  can  be  collected 
under  the  base  of  the  dam  and  conducted  safely  to  the  water  below. 

The  writer  questions  the  existence  of  any  considerable  up-lift 
where  only  one  row  of  piling  is  driven,  and  that  along  the  up-stream 
edge,  even  though  there  is  no  resort  to  drainage;  at  least,  he  has 
never  observed  a  pressure  of  more  than  1  lb.  per  sq.  in.  under  such 
conditions,  even  when  wood  piling  was  used.  In  all  such  river  beds 
there  is  a  constant  underground  flow,  and  part  of  the  seepage  under 
the  piling  will  not  come  to  the  surface  at  all,  but  will  continue  on 
down  the  stream  as  ground-water.  However,  drainage  costs  so  little 
that  it  should  be  installed  in  every  case. 

In  the  writer's  opinion,  the  dam  shown  by  Mr.  Koenig  in  Fig.  1  is 
sure  to  fail  unless  the  down-stream  toe  is  so  well  reinforced  that  it 
cannot  break.  Two  dams,  built  like  that  shown,  failed.  The  pressures 
are  very  high  at  the  toe — the  point  where  the  slope  of  the  apron  inter- 
sects the  base — and,  as  indicated  in  Fig.  1,  this  point  will  become  the 
tipping  edge,  unless  reinforcement  transfers  the  fulcrum  to  the  down- 
stream edge  of  the  mat.  It  would  be  necessary  to  have  the  top  edge 
of  the  mat,  at  the  down-stream  edge,  at  a  sufficient  depth  to  reduce 
the  velocity  of  the  water  escaping  from  the  pocket  to  about  1  or  2  ft. 
per  sec,  otherwise  the  back-wash  would  undermine  the  mat  (if  as 
shown  in  that  cut)  in  a  short  time. 

Next  to  undermining  below  the  dam,  the  greatest  danger,  the  writer 
thinks,  is  that  due  to  the  horizontal  down-stream  thrust  causing  the 
entire  dam  to  slide  on  the  bed  of  sand. 

Fig.  10  illustrates  the  very  unstable  condition  of  a  dam  resting 
on  a  bed  of  sand  and  with  a  deep  hole  washed  out  below  it.  In  this 
case,  the  tendency  is  for  the  dam,  and  the  entire  mass  of  sand, 
A  B  C  D,  to  slide  down  stream  under  the  pressure  represented  by  the 
pressure  diagram,  D  E  F  G.  The  coefficient  of  friction  along  A  D 
may  be  assumed  as  about  0.20  to  0.25,  and  the  weight  of  materials 
must  be  calculated  on  the  assumption  that  practically  the  entire 
structure  and  foundation  is  submerged  and  therefore  has  lost  in  weight 
^•2.5  lb.   per  cu.   ft. 
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Mr.  There  is  also  the  angle  of  repose  of  the  sand,  as  D  A   C,  which 

Beardsley.  gj-j^gj-g  [-^^^q  h^q  problem.  This  angle  may  be  as  small  as  3°  for  gumbo, 
or  from  10°  to  15°  for  western  sand.  It  will  also  be  noted  that  the 
water  is  anything  but  calm  along  the  surface  A  B,  and  that,  in  many 
dams,  the  overfalling  water  sets  up  a  rhji^hmic  vibration  similar  to 
pressure  waves  in  a  long  penstock,  and  thus  greatly  reduces  the  co- 
efficient of  friction  and  the  angle  of  repose. 

As  to  the  general  proportions :  The  writer  has  never  known  of  the 
water  breaking  under  a  gravity  dam  mat  from  the  up-stream  side 
when  a  row  of  sheet-piling  was  driven  along  the  up-stream  edge.  Of 
the  three  cases  where  the  dam  was  completely  washed  out,  it  is  jiosi- 
tively  known  that  two  were  undermined  by  the  back-wash  along  the 
down-stream  side,  and  the  third  was  pushed  out,  as  explained  in  con- 
nection with  Fig.  10.  The  latter  dam  was  on  the  Elkhorn  River,  in 
Nebraska,  and  the  foundation  consisted  of  the  finest  sand  mixed  with 
silt.  In  all  cases  the  dams  were  provided  with  an  extension  mat,  from 
16  to  24  ft.  long,  and  yet,  in  a  number  of  instances,  the  back-scouring 


Fig.  10. 

extended  for  a  distance  of  from  40  to  60  ft.  back  under  the  dam.  Had 
the  extension  mat  been  built  so  that  it  could  settle,  these  accidents 
could  not  have  happened.  Piling  should  not  be  used  for  extension 
mats,  and  very  seldom  to  support  the  dam,  as  such  support  takes  the 
weight  off  the  sand,  and  encourages  a  concentration  of  the  seepage 
water.  Wood  sheet-piling  should  never  be  used  unless  the  soil  is  free 
from  large  rock,  and,  in  all  cases,  piles  should  be  jetted  down. 

Crib  mats  of  10  by  10-in.  timbers,  filled  with  stone  and  sunk  from 
8  to  10  ft.  in  ordinary  soil,  cost  about  15  cents  per  cu.  ft.,  and,  for  a 
dam  20  ft.  high,  would  cost  from  $50  to  $60  per  lin.  ft.  of  dam,  or 
considerably  more  than  a  complete  20-ft.  dam  would  cost  if  built  on 
rock  bottom.  To  this  cost  must  be  added  that  of  the  sheet-piling.  It 
has  been  the  writer's  custom  to  use  piling  at  least  12  ft.  long,  and 
from  that  up  to  a  length  equal  to  the  height  of  the  dam.  However, 
this  practice  has  not  been  based  on  tests  or  actual  knowledge  of  what 
the  proper  depth  should  be.  By  reference  to  Fig.  9,  it  will  be  noted 
that  shorter  piling  would  be  required  for  a  reversed  dam  than  for  any 
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other,  if  the  interior  is  filled  with  soil  as  indicated;  for,  in  this  case,       Mr. 
a  maximum  length  of  seepage  path  to  the  top  of  the  piling  is  secured  ^eardsiey. 
without  involving  a  flat  surface,  which  might  tend  to  cause  the  water 
to  follow  from  the  top  surface  of  the  fill  down  to  the  surface  of  the 
piling.     Seepage  will  follow  such  surfaces  for  great  distances,  as  in 
fli(>  case  of  pipes  laid  through  earth  dams,  etc. 

The  greatest  caution  must  he  observed  in  keeping  the  foundation 
pressures  well  within  safe  limits.  Thus,  for  sand  bottoms  mixed  with 
more  or  less  silt,  Ira  O.  Baker,  M.  Am.  Soc.  C.  E.,  states  that  the 
bearing  value  is  practically  zero.  Such  soil  must  be  excavated,  and 
a  stratum  must  be  reached  which  will  support  with  safety  the  maxi- 
mum pressures.    A  reversed  dam  100  ft.  high  has  a  maximum  founda- 
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Fig.  11. 

tion  pressure  of  5  000  lb.  per  sq.  ft.,  or  less,  while  the  solid  masonry 
dam,  as  usually  built,  has  pressures  exceeding  20  000  lb.  per  sq.  ft. 

Many  failures  are  caused  by  inadequate  foundations.  Considerable 
time  is  required  to  make  proper  soundings,  and  the  cost  is  a  large 
item,  hence,  most  dams  are  built  by  guess.  The  surface  of  the  river 
bed  is  taken  as  a  fair  sample  of  the  soil  at  greater  depths,  while,  as  a 
matter  of  fact,  it  is  difficult  to  find  a  foundation  which  does  not 
present  much  the  best  appearance  on  the  surface. 

The  reversed  dam  is  the  cheapest  of  all  permanent  dams,  and  also 
the  safest.  Fig.  11  indicates  the  great  saving  in  materials  effected  by 
it,  and  gives  the  relative  weight  of  transported  materials,  steel  + 
cement,  for  various  types. 
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550  MEMOIR  OF  LEFFERT  LEFFERTS   BUCK  [Memoirs. 

MEMOIRS  OF  DECEASED  MEMBERS 

Note.— Memoirs  will  be  reproduced  in  tlie  volumes  ot  Transactions.  Any  information 
which  will  aiTiplify  the  records  as  here  printed,  or  correct  any  errors,  should  be  forwarded 
to  the  Secretary  prior  to  the  final  iiublication. 


LEFFERT  LEFFERTS  BUCK,  M.  Am.  Soc.  C.  E.* 


Died  July  17th,  1909. 


Leffert  Lefferts  Buck,  third  son  of  Lemuel  and  Elizabeth  (Bald- 
ridge)  Buck,  was  born  on  February  5th,  1837,  in  Canton,  St.  Lawrence 
Co.,  N.  Y.  He  was  descended  from  sturdy  New  England  stock,  his 
grandfather,  some  of  whose  immediate  family  attained  considerable 
prominence  in  the  Revolutionary  War,  having  moved  from  Con- 
necticut early  in  the  19th  Century. 

As  a  boy,  Mr.  Buck  evinced  that  keen  ambition  to  accomplish 
extraordinary  results  which  in  after  life  so  strongly  characterized  him, 
and,  in  his  home  and  school  duties,  developed  the  ingenuity  and  man- 
ual efficiency,  which  ultimately  became  remarkable.  He  then,  as 
always,  eagerly  sought  opportunity  to  cope  with  difficulties  and  to 
excel  in  feats  of  mind,  skill,  or  strengtli. 

He  entered  the  first  class  of  the  college  which  afterward  became 
St.  Lawrence  University,  but  had  hardly  completed  the  college  course 
when  the  Civil  War  broke  out,  and  he  at  once  determined  to  enter 
the  Army.  His  father,  who  was  a  close  friend  of  the  Governor  of  New 
York,  wished  to  secure  a  commission  for  him,  which  he  could 
doubtless  have  done;  but  Mr.  Buck,  with  that  characteristic  regard  for 
fitness  which  he  applied  to  himself  even  more  rigidly  than  to  others, 
refused  it  because  of  his  lack  of  military  training,  and  in  July, 
1861,  enlisted  as  a  private  in  Company  A,  60th  New  York  In- 
fantry. This  was  one  of  the  most  serious  mistakes  of  his  life,  for, 
despite  his  unwillingness  to  accept  the  fact  without  test,  he  possessed 
an  innate  military  ability  that  far  outweighed  his  lack  of  previous 
training,  and  would  doubtless  have  attained  high  rank  had  he  entered 
the  Army  as  a  commissioned  officer  instead  of  as  a  private.  However,  he 
rose  through  the  ranks  of  Corporal,  Sergeant,  Lieutenant,  and  Captain, 
until  mustered  out  at  the  close  of  the  war  with  the  brevet  rank  of 
Major.  He  participated  in  some  of  the  most  arduous  campaigns  of  the 
war,  including  the  battles  of  Antietam,  Chancellorsville,  Gettysburg, 
Lookout  Mountain,  Ringgold,  Resaca,  Kennesaw  Mountain,  Peachtree 
Creek,  and  Atlanta,  and  also  in  Sherman's  March  to  the  Sea.  In 
the  famous  "Fight  Above  the  Clouds"  at  Lookout  Mountain,  it  was  he 
who  finally  carried  the  Union  Flag  to  the  summit,  after  two  color- 
bearers  had  been  shot  down  under  it. 

His  indomitable  will  and  contemptuous  disregard  for  the  restraining 
*  Memoir  prepared  by  R.  S.  Buck,  M.  Am.  Soc.  C.  E. 
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power  of  wounds  and  disease,  were  shown  at  Antietam  where,  after 
being  shot  through  both  legs,  he  kept  afoot  with  his  command  for  the 
rest  of  the  day,  and  only  after  a  night  on  the  cold  ground  and  the  hope- 
less stiffening  of  his  wounded  legs  made  further  walking  impossible, 
could  he  be  forced  into  the  hospital.  At  another  time,  when  recovering 
from  a  severe  attack  of  typhoid,  and  still  hardly  able  to  walk,  he 
learned  that  an  important  engagement  was  imminent.  The  surgeon 
refused  to  release  him  from  the  hospital,  and,  to  aid  in  securing  obser- 
vance of  his  orders,  put  his  patient's  uniform  out  of  his  reach.  How- 
ever, Mr.  Buck  managed  somehow  to  get  his  sword,  and  in  his  hospital 
clothes  showed  up  with  his  command.  He  was  again  wounded  at 
liesaca. 

While  Mr.  Buck  liked  to  talk  over  events  of  the  war,  he  rarely  spoke 
of  those  incidents  wherein  his  personal  participation  was  entitled  to 
distinction.  He  always  warmly  esteemed  and  liked  to  meet  those  who 
faced  him  on  the  other  side,  and  often  expressed  the  wish  that  the 
soldiers  of  the  North  and  South  might  some  day  fight  side  by  side 
against  a  common  enemy.  While  deploring  many  of  the  results  of  war 
he  often  said  that  he  thought  war  preferable  to  too  much  peace,  as 
he  felt  that  too  much  peace  bred  indolence,  selfishness,  and  avarice, 
wliile  war  developed  the  nobler  traits  of  men. 

While  favoring  an  intelligent  and  fair  pension  system,  Mr.  Buck 
always  greatly  deplored  what  he  considered  a  tendency  to  capitalize 
patriotism  into  an  indiscriminate  distribution  of  pensions  for  political 
liurposes,  and  always  refused  to  consider  a  pension  for  himself,  al- 
though his  wounds  and  health  fully  entitled  him  to  it  under  the  law. 

He  earnestly  desired  to  remain  in  the  regular  Army  at  the  close  of 
the  war,  but  decided  not  to  do  so  because  he  lacked  West  Point 
training  and  was  too  old  to  enter  the  Military  Academy.  Immediately 
on  being  mustered  out,  he  entered  the  Rensselaer  Polytechnic  Institute 
of  Troy,  N.  Y.,  where  he  took  the  prescribed  four  years'  course  in 
Civil  Engineering  in  three  years,  and  was  graduated  in  1868. 

For  about  three  years  after  graduating,  he  served  as  Assistant 
p]ngineer  in  the  Croton  Aqueduct  Department  of  New  York  City. 
He  then  spent  two  years  in  Peru,  where  he  erected  the  first  Verrugas 
Viaduct  on  the  Lima  and  Oroya  Railroad,  and  assisted  in  other  work 
of  construction  on  that  road.  The  first  Verrugas  Viaduct  was  destroyed 
by  flood  some  years  later,  and  he  designed  and  planned  the  erection 
of  another,  which  is  still  in  use,  although  most  of  the  bridges  on 
the  same  line  have  been  replaced  to  meet  the  growing  demands  of 
traffic. 

On  his  return  from  Peru,  in  1873,  Mr.  Buck  supervised  the  manu- 
facture of  the  material  for  the  bridge. at  Louisiana,  Mo.,  one  of  the 
first  large  railroad  bridges  across  the  Mississippi  River. 

In  18T5  he  returned  to  Peru  for  about  two  years  in  charge  of  bridge 
erection. 
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In  1877  he  became  connected  with  the  Railroad  Suspension  Bridge 
at  Niagara  Falls,  which  had  been  built  in  1850  by  the  late  John 
A.  Eoebling,  M.  Am.  Soc.  C.  E.  He  reinforced  the  anchorages  of 
the  bridge,  which  had  been  badly  overstrained,  and  replaced  a  large 
number  of  cable  wires  which  had  become  seriously  corroded  about  the 
anchorage  shoes. 

In  1880  he  replaced  the  wooden  suspended  superstructure  with  one 
of  steel,  and  in  1885  he  replaced  with  steel  towers  the  original  stone 
towers,  which  were  deteriorating  under  the  combined  influence  of 
frost  and  motion  due  to  moving  loads.  All  this  work  of  removal  was 
accomplished  without  interruption  of  traffic,  and  was  the  most  difficult, 
delicate,  and  daring  piece  of  bridgework  ever  undertaken.  This  state- 
ment is  made  with  full  appreciation  of  the  many  great  accomplish- 
ments since  that  time,  but  also  with  appreciation  of  the  lack  of  pre- 
cedent to  guide  and  the  complete  dependence  on  his  own  ingenuity 
that  faced  the  engineer  in  that  work.  Several  friends,  whose  opinions 
were  entitled  to  very  serious  consideration,  urged  him  to  suspend  travel 
while  doing  this  work,  but  he  never  once  wavered  in  his  determination 
to  carry  out  the  work  as  he  had  planned  it. 

In  1881,  the  Norman  Medal  of  the  American  Society  of  Civil 
Engineers  was  awarded  him  for  his  paper  on  "The  Reinforcement 
of  the  Anchorage  and  Renewal  of  the  Suspended  Superstructure  of 
the  Niagara  Railroad  Suspension  Bridge."* 

As  finally  reconstructed,  the  Niagara  Railway  Suspension  Bridge 
served  until  1896,  when  it  was  replaced  by  the  present  massive,  two- 
hinged,  spandrel  braced,  steel  arch,  which  was  designed  by,  manu- 
factured, and  erected  under  the  direction  of  Mr.  Buck.  This  arch 
was  erected  on  the  same  center  line  as  the  Suspension  Bridge,  and 
the  latter  was  taken  down  without  interruption  of  traffic. 

Associated  with  G.  W.  McNulty,  M.  Am.  Soc.  C.  E.,  in  1888-89, 
Mr.  Buck  rebuilt  the  Niagara  Falls  and  Clifton  Bridge,  a  highway 
suspension  bridge  just  below  the  Falls,  which  was  originally  built 
by  Mr.  James  Keefer,  in  1850.  In  1897,  in  order  to  provide  capacity 
for  trolley  cars  as  well  as  for  the  increasing  crowds  of  visitors,  the 
Niagara  Falls  and  Clifton  Suspension  Bridge  was  replaced  by  the 
longest  steel  arch  span  in  the  world,  which  was  designed  by  and 
constructed  under  the  direction  of  Mr.  Buck.  This  work  required 
maintenance  of  traffic  during  construction;  however,  in  order  to  save 
time,  expense,  and  risk,  traffic  was  suspended  for  a  few  days  when  the 
arch  was  closed. 

For  his  paper  on  this  bridge,  the  Institution  of  Civil  Engineers 
awarded  him  the  Telford  Premium  in  1901. 

Mr.  Buck  was  Consulting  Engineer  of  the  Lewiston  and  Queens- 
ton  Suspension  Bridge  across  the  Niagara  River,  built  in  1899.  He 
designed  and  constructed  the  Driving  Park  Avenue  Bridge,  and  the 
*  Transactions,  Ana.  Soc.  C.  E  ,  Vol.  X.  p.  195. 
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Platte  Street  Bridp'e,  in  TJocliester,  N.  Y.  The  former  was  the  first 
spnTi(h'el  braced  nreh  built  in  the  United  States.  He  also  designed 
and  croeted  a  number  of  bridges  on  the  Northern  Pacific  Railroad 
during  the  extension  of  that  road  to  the  Pacific  Coast. 

T3y  invitation  of  the  Government  Engineers,  he  made  designs 
fitr  the  CoTineeticiit  Avenue  Bridge  and  the  Memorial  Bridge  across  the 
Pdtomac  at  Washington. 

TTis  greatest  work,  at  least  in  point  of  magnitude,  is  the  Williams- 
l)iirg  Bridge  across  the  East  River  between  New  York  and  Brooklyn. 
II(>  was  Chief  Engineer  of  this  bridge  from  the  time  of  its  incep- 
tion in  1895  until  its  completion  in  1903.  After  this  he  was  retained 
as  Consulting  Engineer  in  the  Department  of  Bridges  in  connection 
with  this  and  other  bridges,  until  a  short  time  before  his  death, 
when  he  resigned  on  account  of  failing  health. 

For  several  years  he  represented  Peru  and  Ecuador  on  the  Inter- 
national Railway  Commission,  which  planned  a  series  of  railroads 
connecting  the  United  States  with  South  America. 

On  -Tune  4th,  1902,  ^Ir.  Buck  married  Miss  Mira  Rebecca  Gould,  of 
Paducah,  Ky.,  who  survives  him. 

Leffert  Lefferts  Buck  will  always  stand  forth  as  one  of  the  heroic 
figures  in  the  history  of  Engineering.  He  was  resourceful,  self-reliant, 
bold  and  aggressive  in  action,  but  as  little  disposed  to  force  his  ideas 
upon  others  as  he  was  to  let  others  force  their  ideas  upon  him, 
or  force  him  from  his  own.  He  reached  conclusions  promptly  and 
decisively,  depended  firmly  on  his  own  judgment,  and  was  often 
resentful  of  divergent  outside  influences  and  opinions.  He  brought 
into  his  work  a  practical  mechanical  knowledge  and  a  singleness 
of  purpose  which,  while  they  sometimes  restricted  his  vision  of  con- 
trolling necessities  and  ultimate  broader  aims,  always  placed  on  his 
work  the  stamp  of  originality  and  ability,  often  of  a  genius  striding 
well  ahead  of  his  time. 

His  personal  character  was  striking,  and  compelled  admiration. 
In  him  the  Puritan  strain  was  strongly  developed.  Spartan-like, 
rugged,  uncompromising  always,  and  often  showing  a  tenacity  in 
the  face  of  what  to  others  appeared  overwhelmingly  adverse  proofs, 
there  was  in  his  thoughts  and  actions  a  simple,  earnest  honesty,  and 
an  indomitable  and  unselfish  love  of  right  as  he  saw  it.  Below  his 
severe,  sometimes  forbidding,  exterior,  was  a  loyalty,  a  generosity,  a 
tenderness  almost  feminine. 

Few  men  have  steered  a  more  direct  course  in  life,  wavered  less 
in  their  estimates  of  right  and  wrong,  or  made  less  effort  to  win 
friendship  and  applause;  and  yet  few  men  have  had  a  greater  number 
of  devoted  and  loyal  friends,  or  received  more  spontaneous  and  generous 
applause. 

^Ir.  Buck  was  a  ^fember  of  the  Institution  of  Civil  Engineers  of 
England,  the  Loyal  Legion  of  the  United  States,  the  Century  Associa- 
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tion,  the  Engineers  Club  of  New  York,  the  Hamilton  Club  of  Brook- 
lyn, the  Army  and  Navy  Club,  and  the  St.  Lawrence  County  Society. 
He  was  elected  a  Member  of  the  American  Society  of  Civil 
Engineers  on  February  3d,  1875,  and  served  as  a  Director  from  1892  to 
1894.  * 


FRANK  LESLIE  DAVIS,  M.  AM.  Soc.  C.  E.^ 


Died  June   9th,   1909. 


Frank  Leslie  Davis,  son  of  David  F.  and  Louisa  Davis,  was 
born  at  Wellsville,  Ohio,  on  December  2d,  1858,  and  was  reared  on 
a  farm.  He  taught  school  in  Warren  County,  Iowa,  and  in  1884  was 
graduated  from  Simpson  College.  Later,  he  spent  one  school  year 
taking  special  engineering  work  at  Kansas  State  University. 

Mr.  Davis  commenced  his  professional  career  with  the  Chicago, 
Eock  Island  and  Pacific  Kailroad  in  1887,  at  Wichita,  Kans.,  where 
he  had  charge  of  forty  miles  of  new  construction  work.  He  devoted 
the  following  ten  years  almost  entirely  to  railroad  engineering,  during 
which  time  he  was  employed  in  various  capacities  on  construction  and 
location  work  by  the  Chicago,  Kock  Island  and  Pacific,  the  Southern 
Pacific,  the  Northern  Pacific,  and  the  Great  Northern  Kailroads. 

In  1897-98  Mr.  Davis  was  City  Engineer  of  Tacoma,  Wash.  In 
1903-04  he  was  Assistant  Engineer  on  the  construction  of  the  Puget 
Sound  Power  Company's  plant  near  Tacoma.  In  1904  he  was  again 
elected  City  Engineer  of  Tacoma,  and  continued  to  occupy  this 
position  until  his  death. 

On  October  14th,  1891,  Mr.  Davis  was  married,  at  Knoxville,  Iowa, 
to  Miss  Alice  Scoles,  daughter  of  the  Rev.  J.  J.  D.  Scoles,  with  whom 
he  had  become  acquainted  while  at  Simpson  College.  Mrs.  Davis  and 
a  daughter.  Miss  Leslie  S.  Davis,  survive  him. 

Mr.  Davis  was  a  prominent  member  of  the  Masonic  Fraternity,  hold- 
ing the  32d  degree.  He  was  also  a  Shriner,  a  member  of  the  Patrol 
of  Afifi,  and  Master  of  A.  F.  &  A.  M.  No.  22,  of  Tacoma,  Wash. 

He  was  a  man  of  most  exemplary  habits,  of  strong  convictions,  and 
of  aggressive  initiative.  As  an  engineer  Mr.  Davis  contributed  his 
full  share  to  the  upbuilding  of  the  West,  and,  as  a  citizen,  to  the 
welfare  of  the  community  in  which  he  spent  his  later  years.  The 
aJffectionate  esteem  in  which  he  was  held  by  his  friends,  by  business 
and  fraternal  associates,  and  by  his  fellow-citizens  generally,  was  most 
strikingly  shown  in  the  wide  manifestation  of  sorrow  and  of  sympathy 
for  his  family  on  the  occasion  of  his  death. 

Mr.  Davis  was  elected  a  Member  of  the  American  Society  of  Civil 
Engineers  on  September  6th,  1905. 

*  Memoir  prepared  by  Arthur  L.  Adams,  M.  Am.  Soc.  C.  E. 
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JOSEPH  PALM  Kit  FIMZKLL,  M.  Am.  Soc.  ('.  E.* 


DiioD    May    4tii,    1910. 


Joseph  I'alnier  Frizoll  was  born  at  Barford,  Quebec,  Canada,  on 
Afarch  loth,  1832.  His  parents,  Oliver  and  Mary  Beach  Frizell,  were 
natives  of  Vermont  and  belonged  to  good  New  England  stock.  His 
early  education  was  received  at  Brownington,  Vt.,  and  Richmond, 
Canada.  His  teachers,  discovering  his  aptitude  in  mathematics,  taught 
him  algebra  and  geometry,  advising  that  he  fit  himself  for  Civil 
Engineering. 

At  the  age  of  eighteen  ^Ir.  Frizell  went  to  Manchester,  N.  H., 
where  he  was  employed  in  a  cotton  mill  until  1854,  when  he  entered 
the  City  Engineer's  office  as  an  assistant.  He  devoted  all  his  leisure 
time,  both  day  and  evening,  to  the  study  of  his  profession,  and 
remained  with  the  City  Engineer  until  the  close  of  1856. 

In  1857  he  entered  the  office  of  the  Locks  and  Canals  Company, 
controlling  the  water  power  on  the  Merrimac  River  at  Lowell,  Mass., 
under  the  charge  of  the  late  James  B.  Francis,  Past-President,  Am. 
Soc.  C.  E.,  the  eminent  hydraulic  engineer.  Mr.  Frizell  was  Assistant 
Engineer  until  1861,  when  he  left  on  account  of  the  Civil  War.  He 
returned  to  this  work  in  1866,  and  remained  until  186Y.  While  in  the 
Locks  and  Canals  office  he  assisted  Mr.  Francis  in  the  preparation  of 
his  treatise  entitled  "Lowell  Hydraulic  Experiments."  In  the  preface 
of  the  edition  of  1868,  the  author  acknowledges  his  obligation  to 
various  persons,  and  also  "to  Mr.  Joseph  P.  Frizell,  now  of  Davenport, 
Iowa,  to  whom  he  is  indebted  for  assistance  in  some  points  involving 
the  higher  mathematics." 

In  1861,  on  the  breaking  out  of  the  Civil  War,  he  entered  the 
United  States  Government  Service  as  Assistant  Civil  Engineer,  and 
was  engaged  until  1865  on  the  construction  of  Government  fortifica- 
tions along  the  Gulf  Coast.  He  was  stationed  at  Ship  Island  for 
3  years,  and  at  Davenport,  Iowa,  for  2^  years. 

In  1870  Ml".  Frizell  opened  an  office  for  general  consulting  practice 
in  Boston,  where  he  remained  imtil  1878.  He  made  many  hydraulic 
investigations,  including  reports  on  the  Minneapolis  water-power  in 
1875,  and  on  damages  from  diversions  on  the  Charles  River,  Waltham, 
and  on  the  Neponset  River  and  Mother  Brook.  In  1878  he  went  West 
as  Assistant  Civil  Engineer  to  the  U.  S.  Engineering  Department, 
and  was  engaged  in  various  hydraulic  investigations,  among  which 
were  the  construction  of  reservoirs  at  the  head-waters  of  the  Mississippi 
River,  investigations  at  the  Falls  of  St.  Anthony,  and  other  similar 
matters.     In  1881  he  served  on  the  Water  Commission  at  St.  Paul, 

*  Memoir  prepared  by  R.  A.  Hale,  M.  Am.  Soc.  C.  E. 
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reporting  on  the  water  supply.  During  his  work  throughout  the  West, 
in  the  TJ.  S.  Engineering  Department,  the  letters  received  by  him  from 
various  army  officers  showed  the  high  esteem  in  which  he  was  held. 

In  1890-92  Mr.  Frizell  was  Chief  Engineer  of  the  Board  of  Public 
Works  at  Austin,  Tex.,  during  which  time  he  made  a  design  for,  and 
commenced  the  construction  of,  the  Austin  Dam.  On  account  of 
various  restrictions  by  the  Board  of  Public  Works,  he  resigned  this 
position  in  June,  1892,  after  which  the  dam  was  completed  upon  a 
somewhat  modified  plan.  The  general  history  of  this  work  is  stated  in 
various  engineering  publications. 

In  1893  he  resumed  his  Boston  office  and  practised  until  1903, 
when  he  retired  from  active  business.  During  this  last  period  in 
Boston  Mr.  Frizell  was  connected  with  various  water-diversion  cases 
on  the  Nashua  River  due  to  the  taking  by  the  Metropolitan  Water 
Board. 

In  1878  he  obtained  patents  for  compressing  air  by  hydraulic 
methods,  using  inverted  siphons  and  air  chambers,  etc.,  and  also  for 
pumping  water  by  the  use  of  compressed  air,  both  of  which  have  found 
practical  application.  The  first  method  is  described  in  detail  in  a  paper 
by  Mr.  William  Webber,  entitled  "Water  Power  by  Direct  Air  Com- 
pression."* Air  compressor  plants  built  on  these  general  principles 
have  been  installed  at  Norwich,  Conn.,  Magog,  Canada,  and  are  in 
use  in  European  countries.  The  Pohle  air-lift  pump  is  an  illustration 
of  the  application  of  other  methods. 

In  1900  Mr.  Frizell  pviblished  a  book  on  "Water  Power"  which  was 
an  interesting  addition  to  hydraulic  literature,  and  he  was  also  a  fre- 
quent contributor  to  various  scientific  publications.  Among  them  is 
an  article  on  the  "Strains  in  Continuous  Beams."t  He  was  collabo- 
rator on  Johnson's  Civil  Engineering  Cyclopedia.  Among  the  papers 
contributed  to  the  Transactions  of  the  American  Society  of  Civil 
Engineers  may  be  mentioned  "The  Water-Power  of  the  Falls  of 
St.  Anthony,"  Vol.  XII;  "The  Storage  and  Pondage  of  Y  ater,"  Vol. 
XXXI;  and  "The  Old  Time  Water  Wheels  of  America,"  Vol.  XXVIII. 
He  was  interested  in  turbine  water-wheels,  and  made  a  study  in 
developing  a  formula  by  which  the  discharge  of  a  turbine  of  the 
Boyden  type  could  be  computed  from  the  various  angles  of  the 
guides  and  buckets.  He  was  a  remarkable  mathematician,  and  was  self- 
taught  in  the  higher  mathematics. 

His  son,  Dr.   Arthur  B.   Frizell,  writes  as  follows : 

"My  father's  professional  reputation  was  essentially  scientific;  he 
was  valued  for  his  ability  to  carry  through  a  piece  of  work  requir- 
ing original  investigation.  His  success  in  dealing  with  difficult  prob- 
lems  was    owing   to    mathematical    aptitudes   nearly    akin    to    genius. 


*  Journal,  Association  of  Engineering  Societies,  Vol.  36,  p.  35. 
t  Journal,  Franklin  Institute,  1872. 
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With  the  faculty  of  fornuilatiiig  engineering  ((uestions  mathemati- 
cally he  conihined  rare  skill  in  the  use  of  the  delicate  analysis  by 
aid  of  iniinitesimals.  To-day  such  faculty  is  generally  the  result 
of  protracted  academic  training  in  methods  more  accessible  to  the 
average  mind;  but  my  father  was  self-taught,  at  least  in  calculus; 
his  processes  were  intuitive  and  sure. 

''There  is  an  interesting  entry  in  his  diary  to  the  effect  that  the 
ideas  on  which  calculus  is  based  admit  of  much  wider  application, 
indeed,  are  capable  of  guiding  us  in  every  study  that  proceeds  by 
exact  reasoning.  Fifty  years  later.  Professor  Schoenflies  of  Konigs- 
bcrg,  in  a  report  on  the  progress  on  the  newest  branch  of  mathematics, 
which  is  largely  concerned  with  precisely  these  underlying  principles 
of  calculus,  asserted  that  its  development  from  a  set  of  axioms,  anal- 
ogous to  those  of  Euclid,  would  be  equivalent  to  an  analysis  of  the 
foundations  of  all  human  knowledge." 

From  1903  until  his  death  in  1910,  Mr.  Frizell  resided  in  Dorchester, 
Mass.  He  was  a  member  of  the  Tariff  Reform  League,  and  took  an 
active  interest  in  writing  papers  on  the  subject.  He  was  a  member  of 
the  Unitarian  Church,  which  he  attended  regularly  with  his  family. 
Although  of  a  quiet  and  somewhat  reserved  disposition,  he  had  many 
warm  friends,  and  the  personal  letters  of  Hon.  George  F.  Hoar,  George 
S.  Shattuck,  Esq.,  and  other  prominent  men,  testify  to  their  apprecia- 
tion of  his  ability   and  friendship. 

On  October  17th,  1864,  Mr.  Frizell  was  married  to  Julia  A. 
Bowes,  of  Boston,  Mass.  He  is  survived  by  Mrs.  Frizell  and  two 
children,  Dr.  Arthur  B.  Frizell,  a  member  of  the  faculty  of  Kansas. 
State  University,  and  Miss  Alice  M.  Frizell,  who  resides  with  her 
mother   in   Cambridge,   Mass. 

'Sir.  Frizell  was  elected  a  Member  of  the  American  Society  of  Civil 
Engineers  on  January  3d,   1883. 


HENRY  RANDOLPH  HOLHROOK,  M.  Ain.  Soe.  C.  R 


Died  December  21st,  1907. 


Henry  Randolph  Holbrook,  son  of  Nathan  K.  and  Jane  (Porter) 
Holbrook,  was  born  on  November  22d,  1838,  at  Columbia,  Conn.  He 
was  educated  in  the  common  schools,  and  at  the  age  of  17  left  home 
to  make  his  way  in  the  world. 

From  February,  1865,  to  September,  1866,  Mr.  Holbrook  was 
engaged  as  Assistant  Engineer  in  charge  of  construction  on  the 
^Missouri  Pacific  Railroad.  In  October,  1866,  he  joined  the  Engineer 
Corps  of  the  Eastern  Division  of  the  Union  Pacific  Railroad,  remain- 
ing with  the  Corps  until  August,  1868. 

*  Memoir  prepared  by  Augustine  W.  Wright,  M.  Am.  Soc.  C.  E. 
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In  April,  1867,  an  Engineer  Corps,  in  charge  of  the  hite  William 
H.  Greenwood,  M.  Am.  Soc.  C.  E.,  as  Chief  Engineer,  Mr.  Holbrook 
being  his  Principal  Assistant  Engineer,  left  Junction  City,  Ivans., 
to  make  a  survey  of  the  line  to  Denver,  Colo.  After  locating  the  line 
between  Forts  Hays  and  Elsworth  and  continuing  the  preliminary 
surveys  to  Denver,  the  Union  Pacific  Railroad  Company  decided  to 
make  a  survey  through  to  San  Diego,  Cal.  Five  parties  were  sent  out, 
two  on  the  32d  Parallel  and  three  on  the  35th  Parallel,  Mr.  Holbrook 
having  charge  of  one  of  the  latter  parties. 

From  August,  1868,  to  September,  1869,  he  had  charge  of  the  loca- 
tion of  the  St.  Louis  and  San  Francisco  Railroad  from  Jerome  to 
Springfield,  Mo.,  a  distance  of  100  miles,  and  from  September,  1869, 
to  September,  1870,  he  was  employed  in  locating  and  had  charge  of 
the  construction  of  70  miles  on  the  Kansas  Branch  of  the  Union 
Pacific  Railroad,  from  Kit  Carson,  Colo.,  westward. 

Mr.  Holbrook  was  Chief  Engineer  of  the  Denver  and  Boulder 
Valley  Railroad  during  its  construction,  from  September,  1870,  to 
February,  1871,  after  which  he  was  in  charge  of  a  locating  party  on 
the  Denver  and  Rio  Grande  Railroad.  In  March,  1872,  he  went  to 
Mexico,  where  he  remained  until  July,  making  reconnaissances  for 
railroads  in  connection  with  this  same  road. 

From  July,  1874,  to  December,  1875,  he  was  employed  as  Chief 
Engineer  on  the  construction  of  the  Pueblo  and  Salt  Lake  Railroad, 
from  Las  Animas  to  Pueblo,  Colo.,  and  was  Resident  Engineer  on  the 
Atchison,  Topeka,  and  Santa  Fe  Railroad  from  March,  1878,  to 
July,  1880. 

The  Eastern  Division  of  the  Union  Pacific  Railroad  was  not  built 
beyond  Denver,  Colo.,  the  Southern  Pacific  ultimately  using  the  32d 
Parallel  for  its  route  and  the  Atchison,  Topeka,  and  Santa  Fe  the 
35th  Parallel,  and  from  July,  1880,  to  January,  1882,  Mr.  Holbrook 
was  Chief  Engineer  of  the  Atlantic  and  Pacific  portions  of  the 
latter  line. 

In  1882,  he  returned  to  Mexico,  where  he  spent  that  year  and  1883 
in  making  examinations  for  proposed  railroads. 

In  April,  1887,  Mr.  Holbrook  was  again  appointed  Chief  Engineer 
of  the  Pueblo  and  Salt  Lake  Railroad,  remaining  in  that  position  until 
1890,  from  which  time  imtil  his  death,  on  December  21st,  1907,  he 
devoted  himself  to  irrigation  and  real  estate  projects,  making  his 
home  at  Pueblo,  Colo.,  where  he  died.  A  brother  and  three  sisters 
survive  him. 

Mr.  Holbrook  will  always  be  remembered  for  "the  best  portion  of  a 
good  man's  life:  his  little,  nameless,  imremembered  acts  of  kindness 
and  of  love." 

He  was  elected  a  Member  of  the  American  Society  of  Civil  Engi- 
neers on  January  2d,  1890. 
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AI.HKKT  VICTOR  KKLLOG(i,  Assoc.  M.  Am.  Soc.  C.  E.* 


Dii;n  FKiiKiAKY  ir)Tir,  1911. 


Albert  Victor  Kellugy  was  born  at  Aurora,  111.,  on  August  4th, 
1S63.  He  was  tlie  third  son  of  the  late  Professor  J.  F.  Kellogg,  who 
occupied  the  head  chair  of  IMathematics  at  Northwestern  University, 
Kvanston,  111.,  where  his  son  received  his  collegiate  training. 

Mr.  Kellogg  had  given  special  attention  to  mathematics,  and,  having 
natural  inclination  and  talent  for  engineering  work,  he  began  his 
career,  in  1S81,  as  a  Kodman  on  location  in  the  Engineering  Depart- 
ment of  the  Chicago  and  Northwestern  Railway.  In  1884  he  became 
Assistant  Engineer  of  the  Chicago  and  Evanston  Railway,  a  part  of 
the  Chicago,  Minneapolis,  and  St.  Paul,  and  later  was  employed  on 
surveys  for  the  location  of  the  Fremont,  Elkhorn,  and  Missouri  Valley 
Railway  (now  a  part  of  the  Chicago  and  Northwestern  Lines),  on 
which  he  worked  as  Assistant  Engineer. 

During  the  interim  between  this  and  subsequent  railway  work, 
Mr.  Kellogg  was  engaged  in  municipal  engineering  in  Omaha  and 
neighboring  cities  in  Nebraska,  being  associated  with  the  late  Andrew 
Rosewater,  M.  Am.  Soc.  C.  E.  He  was  employed  principally  as 
Assistant  Engineer  in  charge  of  the  surveys  and  construction  of  the 
sewerage  systems  of  Grand  Island,  Hastings,  and  Plattsmouth,  Nebr. 
Following  this  work,  he  was  engaged  in  the  general  practice  of  engi- 
neering in  St.  Joseph,  Mo.,  and  also  in  Denison  and  other  cities 
in  Texas. 

About  1890,  he  re-entered  railway  service,  and  was  connected  with 
several  Texas  lines,  notably  the  Missouri,  Kansas,  and  Texas  Railway, 
on  which  he  held  a  responsible  position  in  charge  of  construction  and 
later  in  the  Engineering  Department  of  the  operated  line. 

In  1893,  when  construction  work  was  hindered  by  the  financial 
panic,  Mr.  Kellogg  became  Engineer  of  the  Right-of-Way  Department 
of  the  Houston  and  Texas  Central  Railroad,  at  Houston,  Tex.,  where 
he  rendered  valuable  service  in  re-surveys,  and  in  perfecting  and 
systematizing  records.  He  established  himself  so  firmly  in  the  confi- 
dence of  the  officers  that  he  was  put  in  charge  of  the  next  construction 
work  undertaken  by  that  Company.  This  work  was  done  so  thoroughly 
and  so  well  that  his  ability  was  recognized,  and,  as  a  result,  in  1901,  he 
was  put  in  charge  of  the  Maintenance-of-Way  Department  of  the 
Houston  and  Texas  Central,  and  Houston  East  and  West  Texas  Lines, 
subsidiary  lines  to  the  Southern  Pacific  Railway,  Atlantic  System.  He 
continued  in  this  position  until  1904,  when  he  was  appointed  Engineer 
of  Maintenance  of  Way  of  the  Sunset  Lines,  the  Atlantic  System  of 
the  Southern  Pacific  Railway,  comprising  the  Morgan  Louisiana  and 
♦Memoir  prepared  by  R.  D.  Parker,  Assoc.  M.  Am.  Soc.  C.  E. 
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Texas  Railroad  and  Steamship  Company,  the  Louisiana  Western 
Railroad  Company,  Texas  and  New  Orleans  Railroad  Company,  and 
the  Galveston,  Harrisburg,  and  San  Antonio  Railway  Company,  with 
headquarters  at  Houston,  Tex.,  which  position  he  held  until  his  death 
at  Santa  Rosa  Hospital  in  San  Antonio,  Tex.,  on  February  15th,  1911. 

Mr,  Kellogg  possessed  the  qualities  which  go  into  the  make-up  of 
a  big  man.  We  who  are  left  but  the  memory  of  this  friend,  appreciate 
the  example  he  gave  us  in  his  energetic  work,  his  fidelity  to  a  trust 
and  to  a  friend,  and  his  loyalty  to  a  service  set  apart  for  him.  His 
life  was  that  of  a  builder  for  the  benefit  of  mankind,  and  his  work 
was  well  done. 

Mr.  Kellogg  was  elected  an  Associate  Member  of  the  American 
Society  of  Civil  Engineers  on  November  6th,  1895. 
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MINUTES  OF  MEETINGS 
OF  THE  SOCIETY 


April  19th,  1911. — The  meeting  was  called  to  order  at  8.30  P.  m.; 
A.  L.  Bowiiian,  M.  Am.  Soc.  C.  E.,  in  the  chair;  T.  J.  McMinn, 
Assistant  Secretary,  acting  as  Secretary;  and  present,  also,  112  mem- 
bers and  13  guests. 

A  paper  by  James  E.  Howard,  Esq.,  entitled  "Some  Tests  of  liarge 
Steel  Columns,"  was  presented  by  the  Acting  Secretary,  who  also  read 
com.munications  on  the  subject  by  Messrs.  Horace  E.  Horton,  A.  N. 
Talbot,  James  Christie,  and  N.  R.  McLure.  The  paper  was  discussed 
orally  by  Messrs.  Albert  Lucius,  Leon  S.  Moisseiff,  A.  W.  Carpenter, 
J.  S.  Branne,  Lewis  D.  Rights,  and  J.  R.  Worcester. 

The  Acting  Secretary  announced  the  following  deaths: 

William  Bion  Ewing,  elected  Junior,  April  3d,  1889;  Associate 
]\rember,  February  3d,  1892;  Member,  November  2d,  1898;  died  April 
8th,  1911. 
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Harvey  Childs  Lowrie,  elected  Member,  March  2d,  1892;  died 
March  26th,   1911. 

Walter  Edward  Lydston,  elected  Junior,  April  4th,  1905;  died 
May  8th,  1910. 

Adjourned. 

May  3d,  191 1.— The  meeting  was  called  to  order  at  8.30  p.  M.; 
A.  L.  Bowman,  M.  Am.  Soc.  C.  E.,  in  the  chair;  Chas.  Warren  Hunt, 
Secretary;  and  present,  also,  152  members  and  28  guests. 

The  minutes  of  the  meetings  of  March  15th  and  April  5th,  1911, 
were  approved  as  printed  in  Proceedings  for  April,  1911. 

A  paper  entitled  "Sinking  a  Wet  Shaft,"  by  John  P.  Hogan,  Jun. 
Am.  Soc.  C.  E.,  was  presented  by  the  author,  who  illustrated  his  re- 
marks with  lantern  slides.  Written  communications  on  the  subject  by 
Messrs.  Mason  D.  Pratt  and  Charles  B.  Buerger  were  read  by  the 
Secretary,  and  the  paper  was  discussed  orally  by  Messrs.  L.  White, 
H.  M.  Hale,  H.  F.  Dunham,  T.  H.  Wiggin,  T.  Kennard  Thomson, 
Bertrand  H.  Wait,  V.  H.  Hewes,  and  the  author. 

The  Secretary  announced  the  election  of  the  following  candidates 
on  May  2d,  1911: 

As  Members. 

Hermon   Charles  Allen,   Great  Falls,  Mont. 
Kalph  Jesse  Arey,  Los  Angeles,  Cal. 
Mortimer  Elwyn  Cooley,  Ann  Arbor,  Mich. 
William  Rowe  Farrington,  Middleboro,  Mass, 
Ralph  Seth  Fessenden,  Rupert,  Idaho. 
George  Brodhead  Harris,  Wallingford,  Pa. 
George  Beckley  Hull,  Ottawa,  Ont.,  Canada. 
Tetsuzo  Kurashige,  Tokyo,  Japan. 
Frank  Lee,  Winnipeg,  Man.,  Canada. 
George  Mustin  Lehman,  Pittsburg,  Pa. 
William  Baird  Patton,  Duluth,  Minn. 
Carl  Edouard  Pelz,  New  York  City. 
Louis  Henry  Rathman,  Buffalo,  N.  Y. 
Charles  Lorraine  Ruffin,  Micaville,  N.  C. 
Eugene  Hicks  Shipman,  South  Bethlehem,  Pa. 
Aubrey  Weymouth,  New  York  City. 
Frederick   Charles   Williams,    Cleveland,    Ohio. 

As  Associate  Members. 

Carl  Prescott  Abbott,  Valhalla,  N.  Y. 
Arthur  Edward  Arledge,  Honolulu,  Hawaii. 
Charles  Lester  Bailey,  Fort  Shaw,  Mont. 
George  Ellsworth  Barrows,  Buffalo,  N.  Y. 
Fred  Thomson  Bass,  New  York  City. 
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Henry  Eumuill  Beebe,  Utica,  N.  Y. 

William  Neville  Collier,  La  Crosse,  Wis. 

Henry  John  Cox,  New  Iberia,  La. 

John  Percival  Davies,  New  York  City. 

Bernard  Dall  DeWeese,  Denver,  Colo. 

HLarry  Dievendorf  Devvell,  Berkeley,  Cal. 

Gilbert  Colfax  Dobson,  Gatun,  Canal  Zone,  Panama. 

Louis  Garbi,  Jr.,  Watertown,  N.  Y. 

Nathan  Jackson  Gibbs,  Porto  Bello,  Canal  Zone,  Panama. 

Tresham  Dames  Gregg,  Chicago,  111. 

Thomas  Stephen  Griffin,  Little  Hocking,  Ohio. 

William  Francis  Eoelofson  Griffith,  Morristown,  N.  J. 

Derwent    Gordon    IIeslop,    Shinchow-Fu,    Kwangtung,    South 

China. 
Arthur  Templeton  Kenyon,  Cristobal,  Canal  Zone,  Panama. 
Thomas  Edward  Lally,  Boston,  Mass. 
Frank  Oliver  Price,  Brooklyn,  N.  Y. 
Jacob  Brunn  Reiniiardt,  Eochester,  N.  Y. 
Eugene  Eugenievich  Skorniakoff,  St.  Petersburg,  Russia. 
Clifford  Milton   Stegner,   Cincinnati,  Ohio. 
Adolf  Stellhorn,  Leavenworth,  Kans. 
Henry  Wade  Svvanitz,  San  Francisco,  Cal. 
John  Taylor,  Ottawa,  Ont.,  Canada. 
RuFUS  Mason  Whittet,  Boston,  Mass. 
Eobert  Emmet  Wise,  Cold  Spring,  N.  Y. 
Otis  Hord  Wright,  Portland,  Ore. 

As  Associates. 

William  Alden  Brown,  Burham,  England. 
Charles  Pearl  Price,  Boston,  Mass. 
William  John  Vanderkloot,  Chicago,  111. 

As  Juniors. 

Otto   William   Julius   Anschuetz,   Leavenworth,   Kans. 

Paul  Jones  Bean,  Portsmouth,  Va. 

William  Patrick  Feeley,  Cleveland,  Ohio. 

Harold  Hansen  Fitting,  Coyote,  Cal. 

Dwight  Walton  Leggett,  Ashtabula,  Ohio. 

Edgar  Henry  Mix,  Portland,  Ore. 

James  Eex  Pemberton,  Washington,  D.  C. 

Merle  Bentley  Piper,  The  Dalles,  Ore. 

Edgar  Kingsbury  Euth,  New  York  City. 

Carl  William  Sciiedler,  Jr.,  Mt.  Vernon,  N.  Y. 

Hymen  Aaron  Seltzer,  St.  Louis,  Mo. 


264  MINUTES   OF   MEETINGS  [Society 

Curtis  Pendleton  Snook,  Upper  Montclair,  N.  J. 

Hubert  Earl  Snyder,  Gatun,  Canal  Zone,  Panama. 

Roy  Stanley  Swinton,  Ann  Arbor,  Mich. 

EoY  Elsen  Ward,  Massena,  N.  Y. 

WilllAlM  Satterwhite  Whitman,  Louisville,  Ky. 

The  Secretary  announced  the  transfer  of  the  following  candidates 
on  May  2d,  1911 : 

From  Assocla.te  Member  to  Member. 

Varnum  Pierce  Curtis,  Worcester,  Mass. 

Isaac  Harby,  Trenton,  N.  J. 

Adam  Hunter,  Glasgow,  Scotland. 

Seth  Morton  Van  Loan,  Philadelphia,  Pa. 

Prom  Associate  to  Member. 
John  Vose  Hazen,  Hanover,  N.  H. 

From  Junior  to  Associate  Member. 

Farrand  Northrop  Benedict,  New  York  City. 

Jules  Rowley  Breuchaud,  New  York  City. 

Grover  Charles  Brown,  Buffalo,  N.  Y. 

Edgar  Stone  Closson,  Brooklyn,  N.  Y. 

Charles  Louis  Fox,  Wilkinsburg,  Pa. 

Norman  Marshall  Halcombe,  Stanford  University,  Cal. 

John  Bacon  Hutchings,  Jr.,  Urbana,  111. 

Grandville  Reynard  Jones,  Washington,  D.  C. 

John  Endicott  Porter,  Yonkers,  N.  Y. 

James  Charles  Forsythe  Shafer,  Hadlock,  Wash. 

The  Secretary  announced  the  following  death: 

Ralph  Barton  Manter,  elected  Associate  Member,  June  1st,  1904; 
died  February  2d,  1911. 

Adjourned. 
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OF  THE  BOARD   OF    DIRECTION 

(Abstract) 

May  2d,  1911. — President  Endicott  in  the  chair;  Chas.  Warren 
Hunt,  Secretary;  and  present,  also,  Messrs.  Belknap,  Boiler,  Clarke, 
Kimball,  Loomis,  Loweth,  Ridgway,  Roberts,  Snow,  Talbot,  and 
Thonijison. 

Preliminary  action  was  taken  looking  to  the  participation  of  the 
Society  in  the  12th  International  Congress  of  Navigation,  to  be  held  at 
Philadelphia,  Pa.,  in  1912,  by  official  invitation  of  the  United  States 
Government. 

Preliminary  action  was  taken  in  regard  to  the  appointment  of  a 
proposed  Special  Committee  to  Formulate  Principles  and  Methods  for 
tlic  Valuation  of  Railroad  Property  and  Other  Public  Utilities. 

Action  was  taken  in  regard  to  members  in  arrears  for  dues. 

Ballots  for  membership  were  canvassed,  resulting  in  the  election  of 
IT  Members,  30  Associate  Members,  3  Associates,  and  16  Juniors,  and 
the  transfer  of  10  Juniors  to  the  grade  of  Associate  Member. 

Four  Associate  ^[embers  and  1  Associate  were  transferred  to  the 
grade  of  Member. 

Applications  were  considered,  and  other  routine  business  transacted. 

Adjourned. 
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ANNOUNCEMENTS 

The  House  of  the  Society  is  open  from  9  A.  M.  to  lo  P.  M., 
every  day,  except  Sundays,  Fourth  of  July,  Thanksgiving  Day,  and 
Christmas  Day. 

FUTURE  MEETINGS 

June  7th,  191 1.— 8.30  P.  M. — This  will  be  a  regular  business  meet- 
ing. Two  papers  will  be  presented  for  discussion,  as  follows:  "Two 
Earth  Dams  of  the  United  States  Reclamation  Service,"  by  D.  C. 
Henny,  M.  Am.  Soc.  C.  E. ;  and  "Steel  Centering  Used  in  the  Con- 
struction of  the  Eocky  River  Bridge,  Cleveland,  Ohio,"  by  Wilbur  J. 
Watson,  M.  Am.  Soc.  C.  E. 

These  papers  were  printed  in  Proceedings  for  April,  1911. 

September  6th,  191 1. — 8.30  P.  M. — A  regular  business  meeting 
will  be  held,  and  a  paper  by  George  B.  Francis  and  Joseph  H.  O'Brien, 
Members,  Am.  Soc.  C.  E.,  entitled  "The  New  York  Tunnel  Extension 
of  the  Pennsylvania  Railroad :  Certain  Engineering  Structures  of 
the  New  York  Terminal  Area,"  will  be  presented  for  discussion. 
This  paper  is  printed  in  this  number  of  Proceedings. 

September  20th,  191 1 — 8.30  P.  M.— A  paper  entitled  "Mule-Back 
Reconnaissances,"  by  William  J.  Millard,  Jun.  Am.  Soc.  C.  E.,  will 
be  presented  for  discussion  at  this  meeting. 

This  paper  is  printed  in  this  number  of  Proceedings. 

October  i8th,  191 1.— 8.30  P.  M.— At  this  meeting  a  paper  by 
George  Gibbs,  M.  Am.  Soc.  C.  E.,  entitled  "The  New  York  Tunnel 
Extension  of  the  Pennsylvania  Railroad:  Station  Construction,  Road, 
Track,  Yard  Equipment,  Electric  Traction,  and  Locomotives,"  will 
be  presented  for  discussion. 

This  paper  is  printed  in  this  number  of  Proceedings. 

ANNUAL  CONVENTION 

The  Forty-third  Annual  Convention  of  the  Society  will  be  held  at 
Chattanooga,  Tenn.,  June  13th  to  16th,  1911,  inclusive. 

A  circular  giving  full  information  in  reference  to  the  Convention 
was  issued  on  May  12th,  1911. 

SEARCHES  IN  THE  LIBRARY 

In  January,  1902,  the  Secretary  was  authorized  to  make  searches 
in  the  Library,  upon  request,  and  to  charge  therefor  the  actual  cost  to 
the  Society  for  the  extra  work  required.  Since  that  time  many 
searches  have  been  made,  and  bibliographies  and  other  information  on 
special  subjects  furnished. 
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Tlie  resulting  satisfaction,  to  the  members,  who  have  made  use  of 
tlie  resources  of  the  Society  in  this  manner,  has  been  expressed  fre- 
([uently,  and  leaves  little  doubt  that,  if  it  were  generally  known  to  the 
membership  that  such  work  would  be  undertaken,  many  would  avail 
themselves  of  it. 

The  cost  is  trifling  compared  with  the  value  of  the  time  of  an 
engineer  who  looks  uj)  such  matters  himself,  and  the  work  can  be 
performed  quite  as  well,  and  much  more  quickly,  by  persons  familiar 
with  the  Library. 

In  asking  that  such  work  bo  undertaken,  members  should  specify 
clearly  the  subject  to  be  covered,  and  whether  references  to  general 
books  only  arc  desired,  or  whether  a  complete  bibliography,  involving 
search  through  periodical  literature,  is  desired. 

In  reference  to  this  work,  the  Appendices*  to  the  Annual  Reports 
of  the  Board  of  Direction  for  the  years  ending  December  31st,  1906, 
and  December  31st,  1910,  contain  summaries  of  all  searches  made 
to  date. 


PAPERS  AND  DISCUSSIONS 

Members  and  others  who  take  part  in  the  oral  discussions  of  the 
papers  presented  are  urged  to  revise  their  remarks  promptly.  Written 
communications  from  those  who  cannot  attend  the  meetings  should  be 
sent  in  at  the  earliest  possible  date  after  the  issue  of  a  paper  in 
Proceedings.  The  issue  of  volumes  of  Transactions  is  dependent  on 
the  closing  of  discussions,  and  the  co-operation  of  the  membership  in 
this  matter  is  essential  to  the  regular  issue  of  each  quarterly  volume. 

All  papers  accepted  by  the  Publication  Committee  are  classified 
by  the  Committee  with  respect  to  their  availability  for  discussion  at 
meetings. 

Papers  which,  from  their  general  nature,  appear  to  be  of  a  charac- 
ter suitable  for  oral  discussion,  will  be  published  as  heretofore  in 
Proceedings,  and  set  down  for  presentation  to  a  future  meeting  of  the 
Society,  and,  on  these,  oral  discussions,  as  well  as  written  communica- 
tions, will  be  solicited. 

All  papers  which  do  not  come  under  this  heading,  that  is  to  say, 
those  which,  from  their  mathematical  or  technical  nature,  in  the 
opinion  of  the  Committee,  are  not  adapted  to  oral  discussion,  will  not 
be  scheduled  for  presentation  to  any  meeting.  Such  papers  will  be 
published  in  Proceedings  in  the  same  manner  as  those  which  are  to 
be  presented  at  meetings,  but  written  discussions,  only,  will  be  re- 
quested for  subsequent  publication  in  Proceedings  and  with  the  paper 
in  the  volumes  of  Transactions. 

*  Proceedings.  Vol.  XXXIII,  p.  20  (January,  1907);  Vol.  XXXVII,  p.  28  (.January,  1911), 
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SUBSCRIPTION  PRICE  TO  THE  PUBLICATIONS  OF  THE  SOCIETY 

The  following  subscription  rates  have  been  fixed  by  the  Board  of 
Direction  for  the  publications  of  the  Society: 

Proceedings,  ten  Numbers  per  annum,  $8.  Price  for  single 
numbers,  $1. 

Transactions,  four  Volumes  per  annum,  $12.  Price  for  single 
volumes,  $4. 

On  the  above  prices  there  is  a  discount  of  50%  to  members  who 
desire  extra  copies  of  any  of  these  publications,  and  of  25%  to  Libraries 
and  Book-dealers. 

There  is  also  an  additional  charge  per  annum,  to  cover  foreign 
postage,  of  75  cents  for  Proceedings  and  $1  for  Transactions,  or  8  cents 
and  25  cents,  respectively,  for  single  niambers. 

A  special  subscription  rate  has  been  fixed  by  the  Board  for  the 
Proceedings  of  the  Society  for  the  benefit  of  Students  in  Technical 
Schools.  This  rate  is  $4.50  per  annum,  and  is  available  to  any  hona 
fide  student  of  any  technical  school. 


LOCAL  ASSOCIATIONS  OF  MEMBERS  OF  THE  AMERICAN 
SOCIETY  OF  CIVIL  ENGINEERS 

San  Francisco  Association 

The  San  Francisco  Association  of  Members  of  the  American  Society 
of  Civil  Engineers  holds  regular  bi-monthly  meetings,  with  banquet, 
and  Aveekly  informal  luncheons.  The  former  are  held  at  6  p.  m.,  at  the 
Palace  Hotel,  on  the  third  Friday  of  February,  April,  June,  August, 
October,  and  December,  the  last  being  the  Annual  Meeting  of  the 
Association. 

Informal  luncheons  are  held  at  12.15  p.  m.  every  Wednesday,  and 
the  place  of  meeting  may  be  ascertained  by  communicating  with  the 
Secretary  of  the  Association,  E.  T.  Thurston,  Jr.,  M.  Am.  Soc.  C.  E., 
713  Mechanics'  Institute,  57  Post  Street. 

The  by-laws  of  the  Association  provide  for  the  extension  of  hospi- 
tality to  any  member  of  the  Society  who  may  be  temporarily  in  San 
Francisco,  and  any  such  member  will  be  gladly  welcomed  as  a  guest 
of  the  Association  at  any  of  the  above  meetings,  if  he  will  notify  the 
Secretary  that  he  is  in  San  Francisco. 

(Abstract  of  Minutes  of  Meeting) 

April  2ist,  1 91 1. — The  meeting  was  called  to  order;  President 
Derleth  in  the  chair;  E.  T.  Thurston,  Jr.,  Secretary;  and  present, 
also,  63  members  and  guests. 

The  Secretary  read  an  extract  of  a  letter  from  Chas.  Warren  Hunt, 
Secretary  of  the  Society,  complimenting  the  Association  on  its  success, 
and  calling  attention  to  the  fact  that  of  the  net  increase  in  member- 
ship of  the  Society  of  544,  from  February  10th,  1910,  to  February 
10th,  1911,  17%  was  from  the  States  of  California,  Oregon  and  Wash- 
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ington,  and  that  California  has  more  members  than  any  other  State 
except  New  York  and  Pennsylvania.  The  Secretary  also  announced 
that  the  membership  of  the  Association  had  reached  135. 

On  motion,  duly  seconded,  the  President  was  instructed  to  appoint 
a  connnittee  of  three  to  confer  with  the  other  local  engineering 
societies  relative  to  the  appointment  of  similar  committees  to  form 
a  general  conference  committee  for  the  purpose  of  securing  an  Inter- 
national Engineering  Congress  in  San  Francisco  in  1915.  Subse- 
quently, the  President  was  appointed  ex-officio  Chairman  of  the  pro- 
posed connnittee. 

In  accordance  with  instructions  received  at  the  February  meet- 
ing, the  President  announced:  that  Messrs.  B.  P.  Legare,  C.  Uhlig, 
W,  A.  Cattell,  M.  M.  O'Shaughnessy,  and  J.  H.  Wallace,  had  been 
appointed  a  Committee  to  choose  a  site  for  the  Panama-Pacific  Exposi- 
tion; that  letters  jointly  signed  by  the  Presidents  of  the  four  Engineer- 
ing Societies  had  been  addressed  to  the  Directors  of  the  Exposition; 
that  the  Association  Committee  had  held  two  meetings  at  which  the 
entire  matter  had  been  discussed;  and  that  two  meetings  had  been 
held  with  the  Directors  of  the  Exposition. 

A  paper  giving  an  interesting  and  instructive  description  of  the 
constructive  and  salient  details  of  the  Dumbarton  Bridge  of  the  Cen- 
tral California  Railway  of  the  Southern  Pacific  Comjiany,  was  read 
by  E.  J.  Schneider,  M.  Am.  Soc.  C.  E.,  who  illustrated  his  address 
with  stereopticon  views.  The  subject  was  discussed  briefly  by  several 
members. 


Adjourned. 


Colorado  Association 


The  meetings  of  the  Colorado  Association  of  Members  of  the 
American  Society  of  Civil  Engineers  are  held  on  the  second  Saturday 
of  each  month,  except  July  and  August.  The  hour  and  place  of  meet- 
ing are  not  fixed,  but  this  information  will  be  furnished  on  applica- 
tion to  the  Secretary,  Gavin  N.  Houston,  M.  Am.  Soc.  C.  E.,  409 
Equitable  Building,  Denver,  Colo.  The  meetings  are  usually  preceded 
by  an  informal  dinner.  Members  of  the  American  Society  of  Civil 
Engineers  will  be  welcomed   at  these  meetings. 

Weekly  luncheons  are  held  on  Wednesdays,  and  until  further  notice, 
will  take  place  at  The  Colorado  Traffic  Club. 

Visiting  members  are  urged  to  attend  the  meetings  and  luncheons. 

(Abstract  of  Minutes  of  Meeting) 

April  8th,  ipii. — The  meeting  was  called  to  order  at  8  p.  M.; 
Vice-President  Comstock  in  the  chair;  11.  J.  Burt,  Secretary;  and 
present,  also,  17  members  and  6  guests. 

A  paper  by  F.  C  Carstarphen,  Assoc.  M.  Am.  Soc.  C.  E.,  entitled 
"Some  Notes  on  Sulphur,"  was  presented  by  Gavin  N.  Houston,  M. 
Am.  Soc.  C.  E.,  after  which  W.  F.  Allison,  Assoc.  M.  Am.  Soc.  C.  E., 
presented  a  brief  report  of  the  sanitary  works  on  the  Isthmus  of 
Panama,  and  a  numlDer  of  views  of  the  Canal  work  were  displayed. 

Adjourned. 
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PRIVILEGES  OF  ENGINEERING  SOCIETIES 

EXTENDED  TO  MEMBERS  OF  THE 
AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS 

Members  of  the  American  Society  of  Civil  Engineers  will  be  wel- 
comed by  the  following  Engineering  Societies,  both  to  the  use  of  their 
Reading  Rooms  and  at  all  Meetings: 

American  Institute  of  Mining  Engineers,  29  West  Thirty-ninth  Street, 

New  York  City. 
Architekten=Verein    zu     Berlin,  Wilhelmstrasse  92,  Berlin   W.  66, 

Germany. 
Associacao  dos  Engenheiros  Civis  Portuguezes,  Lisbon,  Portugal. 
Australasian    Institute  of  Mining  Engineers,  Melbourne,  Victoria, 

Australia. 
Boston  Society  of  Civil  Engineers,    715   Tremont  Temple,  Boston, 

Mass. 
Brooklyn    Engineers'  Club,  117  Remsen  Street,  Brooklyn,  N.  Y . 
Canadian    Society  of  Civil  Engineers,  413  Dorchester  Street,  West, 

Montreal,  Que.,  Canada. 
Civil   Engineers'  Society  of  St.  Paul,  St.  Paul,  Minn, 
Cleveland  Engineering  Society,   Chamber  of    Commerce    Building, 

Cleveland,  Ohio. 
Cleveland  Institute  of  Engineers,  Middlesbrough,  England. 
Dansk  Ingeni(^rforening,  Anialiegade  38,  Copenhagen,  Denmark. 
Engineers'  and  Architects'  Club   of   Louisville,  Ky.,    303   Nortou 

Building,  Fourth  and  Jefferson  Streets,  Louisville,  Ky. 
Engineers'  Club  of  Baltimore,  Baltimore,  Md. 
Engineers'  Club  of  Minneapolis,  17  South  Sixth  Street,  Minneapolis, 

Minn. 
Engineers'  Club  of  Philadelphia,  1317  Spruce  Street,  Philadelphia,  Pa. 
Engineers'  Club  of  St.  Louis,  3817  Olive  Street,  St.  Louis,  Mo. 
Engineers'  Club  of  Toronto,  96  King  Street,  West,  Toronto,   Ont., 

Canada. 
Engineers'    Society  of    Northeastern   Pennsylvania,  302    Board    of 

Trade   IJuilding,  Scran  ton,  Pa. 
Engineers'  Society  of  Pennsylvania,  219  Market  Street,  Harrisburg, 

Pa. 
Engineers'  Society  of  Western  Pennsylvania,  2511  Oliver  Building, 

Pittsburg,  Pa. 
institute  of  Marine  Engineers,  58  Romford   Road,   Stratford,  Lon- 
don, E.,  England. 
Institution   of    Engineers  of  the   River  Plate,   Buenos    Aires,   Ar- 
gentine Republic. 
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Institution    of    Naval    Architects,     5     Adelphi    Terrace,     JjOiulon, 

W.  C,  England. 
Junior  Institution  of   Engineers,   H9  Victoria  Street,  Westminster, 

8.  AV.,  London,  England. 
Koninklijic    Instituut  van  Ingenieurs,  The  Hague,  The  Netherlands. 
Louisiana  Engineering;  Society,  321  Hibernia  Bank  Building,  New 

Orleans,  I^a. 
Memphis  Engineering  Society,  Memphis,  Tenn. 
Midland   Institute   of    Mining,    Civil    and    Mechanical     Engineers, 

Shetlield,  England. 
Montana  Society  of  Engineers,  Butte,  Montana. 
North   of    England    Institute  of  Mining  and  Mechanical  Engineers, 

Newcastle-upon-Tyne,  England. 
Oesterreichischer     Ingenieur-     und     Architekten=Verein,     Eschen- 

bachgasse  9,  Vienna,  Austria. 
Pacific  Northwest  Society  of  Engineers,  803  Central  Building,  Seat- 
tle, Wash. 
Rochester  Engineering  Society,  Kochester,  N.  Y. 
Sachsischer  Ingenieur^^^  und  Architekten=Verein,  Dresden,  Germany. 
Sociedad  Colombiana  de  Ingenieros,  Bogota,  Colombia. 
Sociedad  de  Ingenieros  del  Peru,  Lima,  Peru. 
Societe  des    Ingenieurs    Civils  de  France,  19    Eue    Blanche,  Paris, 

France. 
Society  of    Engineers,    17    Victoria    Street,   Westminster,   S.    W., 

London,  England. 
Svenska     Teknologforeningen,    Brunkebergstorg     18,     Stockholm, 

Sweden. 
Tekniske  Forening,  Vestre  Boulevard  18-1,  Copenhagen,  Denmark. 
Western  Society  of  Engineers,  1737  Monadnock  Block,  Chicago,  111. 
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ACCESSIONS  TO  THE  LIBRARY 

(From  April  9th  to   jMay   6th,   1911) 
DONATIONS  * 

THE  AMERICAN  YEAR  BOOK. 

A   Eecord   of   Events   and   Progress,    1910.      Edited   by    S.    N.    D. 

North,  Under  Direction  of  a  Supervisory  Boai'd  Representing  National 

Learned  Societies.     Cloth,  8  x  5J  in.,  20  +  867  pp.     New  York  and 

London,  D.  Appleton  and  Company,  1911.     $3.50. 

This  publication,  the  preface  states,  is  the  first  volume  of  what  is  expected  to 
be  an  annual  series,  and  is  intended  to  be  the  work  of  a  body  of  experts,  each  re- 
viewing the  field  with  which  he  is  most  familiar.  It  is  said  to  be  "a  record  of 
events  and  progress"  and  as  such  is  intended  to  serve  as  a  handy  book  of  reference 
for  students,  writers,  and  searchers.  The  material  is  subdivided  into  departments 
by  grouping  the  text  into  affiliated  subjects.  Cross-references  are  also  freely  used 
and  a  full  and  carefully  analyzed  index  is  provided.  While  the  Year  Book  aims 
to  record  the  progress  of  other  countries,  it  is  stated  to  be  devoted  chiefly  to 
American  progress.  The  Contents  are  :  Comparative  Statistics  ;  History  and  Law  ; 
Government  and  Administration  ;  Functions  of  Government ;  Economic  and  Social 
Questions  ;  Industries  and  Occupations  ;  Science  and  Engineering  ;  The  Humanities  ; 
Current   Record  ;    Index. 

NOTES  ON  PLATE=QIRDER  DESIGN. 

By  Clarence  W.  Hudson,  M.  Am.  Soc.  C.  E.  Cloth,  9^  x  6  in., 
illus.,  7  +  '''5  pp.  New  York,  John  Wiley  &  Sons;  London,  Chapman 
&  Hall,  Limited,  1911.     $1.50. 

This  book  is  said  to  contain  the  theoretical  and  practical  information  neces- 
sary to  enable  engineers  and  students  in  civil  engineering  to  make  a  design  and 
general  detailed  drawing  for  a  through  plate-girder  railway  bridge.  The  theory 
of  the  plate-girder  has  been  developed,  tiie  author  states,  so  that  it  may  be  ap- 
plied to  such  structures  for  any  duty.  The  Chapter  headings  are :  Stress  Distri- 
bution and  General  ;  Required  Area  of  Cross-Section  for  the  Flanges  ;  The  Design 
of  the  Cross-Section  of  the  Flanges  ;  Lengths  of  Cover  Plates ;  Rivet  Spacing  in 
Girder  Flanges ;  Web  Plates  ;  Area  of  Web  Plates  ;  Stiffeners  for  Web  Plates  ; 
Splices  for  Web  Plates  ;  Splices  for  the  Component  Parts  of  the  Flanges  ;  Connect- 
ing One  Girder  to  Another ;  End  Bearings  ;  Positions  of  Loading  for  Maximum 
Shear  and  Moment  ;  Preparation  of  a  Table  of  Bending  Moments,  Shears,  and  Con- 
centrated Loads  for  Cooper's  B50  Loading ;  Table  of  Moments,  Shears,  and  Concen- 
trated  Loads   for   Cooper's  Esq- 

THE  EARNING  POWER  OF  RAILROADS,  1911. 

Compiled  and  Edited  bv  Floyd  W.  Mundy.  Cloth,  7i  x  5  in., 
492  pp.     New  York  and  Chicago,  Jas.  H.  Oliphant  &  Co.,  1911.     $2.50. 

The  preface  states  that  this  volume  contains  important  statistics  and  other 
facts  relating  to  the  earning  powers  and  securities  of  150  railroads  (including 
practically  all  those  In  the  United  States,  Canada,  and  Mexico),  arranged  in  con- 
venient form  for  ready  reference.  The  Introductory  Chapters  are  said  to  relate  to 
the  fundamental  principles  to  be  applied  in  investigating  the  value  of  the  stocks 
or  bonds  of  any  railroad.  Statistics  regarding  earnings,  mileage,  capitalization, 
tonnage,  etc.,  are  presented  in  Tables  which  are  arranged  to  permit  of  easy  com- 
parison. These  Tables  are  followed  by  Notes  containing  information  relating  to 
dividends,  railroad  capitalization,  investments,  physical  and  financial  conditions, 
etc.,  of  railroads  which  may  be  of  interest  to  the  investor.  The  official  Annual 
Railroad  Reports  are  stated  to  have  been  used  almost  exclusively  in  the  preparation 
of  this  book.  The  Contents  are  :  Income  Account  ;  Operating  Expenses  ;  Maintenance 
Expenses ;  Maintenance  of  Way ;  Maintenance  of  Equipment :  Traffic,  Transporta- 
tion and  General  Expenses  ;  The  Operating  Ratio  ;  Fixed  Charges  ;  Stock  Outstand- 
ing in  its  Relation  to  Earning  Power  ;  Guarantees  and  Their  Relation  to  Surplus 
Available   for   Dividends  ;    Tables ;    Notes. 

EFFICIENCY  AS  A  BASIS  FOR  OPERATION  AND  WAGES. 

By  Harrington  Emerson.     Cloth,  7i  x  5^  in.,  224  pp.     New  York, 

The  Engineering  Magazine,   1911.     $2.00. 

This  development  of  works  management,  or  the  process  of  directing  the  great 
forces  of  manufacturing  to  the  best   advantage   in  economy,   is   stated  to  be  a  com- 

*  Unless  otherwise  specified,  books  in  this  list  have  been  donated  by  the  publishers. 
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plete  statement  of  the  elements  of  organization,  management,  and  operation  under 
the  Efflciency  or  Individual  Effort  system,  the  methods  advocated  being  practised 
in  some  of  the  largest  manufacturing  and  operating  institutions  In  the  United 
States.  These  essays  appeared  originally  as  a  series  of  articles  in  The  Engineering 
Magaxinc,  from  July,  1908,  to  March.  1909,  and  are  said  to  have  been  thoroughly 
revised,  rewritten  to  a  great  extent,  and  much  enlarged  before  publication  in  their 
present  form.  The  Contents  are:  Typical  Inefflclencies  and  Their  Significance; 
National  Efficiencies  :  Their  Tendencies  and  Influence  ;  The  Strength  and  Weakness 
of  Existing  Systems  of  Organization  ;  Line  and  Staff  Organization  in  Industrial 
Concerns  ;  Standards  :  Their  Relations  to  Organization  and  to  Results  ;  The  Real- 
ization of  Standards  in  Practice;  The  Modern  Theory  of  Cost  Accounting;  The 
Location  and  Elimination  of  Wastes  ;  The  Efflciency  System  in  Operation  ;  Standard 
Times  and  Bonus ;  What  the  Efflciency  System  May  Accomplish ;  The  Gospel  of 
Efflciency. 

RURAL  HYGIENE. 

]5y  Henry  N.  Ogden,  M.  Am.  Soc,  C.  E.  Cloth,  Y|  x  5^  in.,  illus., 
IT  +  4:U  pp.     Now  York,  The  :^^nemillan  Company,  1911.     $1.50. 

These  pages  are  stated  to  deal  with  a  systematic  treatment  of  the  question 
of  individual  living,  together  with  those  questions  having  to  do  with  the  cause 
and  spread  of  disease,  the  transmission  of  bacteria  from  one  community  to  an- 
other, etc.  The  structural  side  of  public  hygiene  rather  than  the  medical  side  is 
discussed,  those  chapters  dealing  with  contagious  diseases  emphasizing  the  sub- 
jects of  quarantine,  disinfection  and  prevention  rather  than  etiology  and  treatment. 
Descriptions  of  the  various  engineering  methods  are  limited  to  suggestions  as  to 
proper  selections  of  methods  and  right  choice  between  processes,  the  details  of  con- 
struction being  omitted.  The  Chapter  headings  are:  Vital  Statistics  of  Rural 
Life ;  Location  of  a  House — Soil  and  Surroundings  ;  Construction  of  Houses  and 
Barns  with  Reference  to  Healthfulness  ;  Ventilation  ;  Quantity  of  Water  Required 
for  Domestic  Use  ;  Sources  of  Water-Supply  ;  Quality  of  Water  ;  Water- Works  Con- 
struction :  Plumbing;  Sewage  Disposal:  Preparation  and  Care  of  Milk  and  Meat; 
Foods  and  Beverages;  Personal  Hygiene;  Theories  of  Disease;  Disinfection; 
Tuberculosis  and  Pneumonia ;  Typhoid  Fever ;  Children's  Diseases ;  Parasitical 
Diseases;   Diseases  Contiolled  by   Antitoxins;    Hygiene   and   Law;    Index. 
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Report  of  the  London  Traffic  Branch  of  the  Board  of  Trade,  1910. 

Published  by  His  Majesty's  Stationery  Office,  London,  1911 

Royal  Commission  on  Sewage  Disposal :  Seventh  Eeport  of  the 
Commissioners  Appointed  to  Inquire  and  Report  What  Methods  of 
Treating  and  Disposing  of  Sewage  (Including  any  Liquid  from 
any  Factory  or  Manufacturing  Process)  may  Properly  be  Adopted. 
Vol.  I.     Published  by  His  Majesty's  Stationery  Office,  London,  1911. 

Proceedings  of  the  International  Association  for  Testing  Materials. 

Vol.  2,  No.  3.     Vienna,  Februaiy,  1911. 

liandbuch  der  Ingenieurwissenschaften :  Vierter  Teil.  Die  Bau- 
maschinen.  Begriindet  von  F.  Lincke  und  L.  Franzius.  Hcrausgegeben 
von  H.  Weihe.  Erster  Band,  Dritte,  vermehrte  Auflage.  Wilhelm 
Engelmann,  I-eipzig,  1910. 

The  Aeroplane :  An  Elementary  Text-Book  of  the  Principles 
of  Dynamic  Flight.  By  T.  O'B.  Hubbard,  J.  H.  Ledeboer,  and  C.  C. 
Turner.  Longmans,  Green  and  Co.,  London,  New  York,  Bombay, 
and  Calcutta,  1911. 

Sewage  Disposal  in  the  Tropics.  By  William  Wesley  Clemesha. 
Thacker,  Spink  and  Co.,  Calcutta  and  Simla;  W.  Thacker  &  Co., 
London,  1910. 


AlTaiis.l  ACCESSIONS  TO   THE    LIBRARY  275 

Our  Home  Railways:  How  They  Began  and  How  They  are  Worked. 
Hy  W.  J.  Gordon.  2  vol.  Frederick  Warne  &  Co.,  London  and 
New  York. 

London  Statistics,  1909-10:  vStatistics  of  the  Administrative 
County  of  London,  and  o\'  the  Public  Services  Carried  on  Therein; 
Tojzi>tlu>r  with  Certain  Statistics  of  the  Adjacent  Districts.  Vol.  XX. 
Conii)iled  by  the  Statistical  Officer  of  the  Council  under  Standing 
Orders  of  the  London  County  Council  and  Regulations  of  the  Local 
Government.  Kocords  and  Museums  Committee.  P.  S.  King  and 
Son,  London. 

Poussee  des  Terres,  Stabilite  des  Murs  de  Soutenement.     Par  Jean 

Hi'sal.  Encycloprdie  dfs  Travaux  Publics.  (ours  de  L'Ecole  des 
Ponts  et  Chaussdes.  Librairie  Polytechnique,  Ch.  Bdranger,  fiditeur, 
Paris,  1903. 

Civil     Engineering   at   the  Universal   Exposition,   Brussels,    1910. 

Permanent  Liternational  Association  of  Navigation  Congresses, 
Brussels. 
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(From  April  11th  to  May  9th,  1911) 

MEMBERS  Date  of 

Membership. 

Allen,    Charles    Metcalf.      Prof,    of    Hydr.   ^  ,„^ 

T7,         ,T7          4.       Ti  1      T     4.     TT          4-           Assoc.  M.     JuHe      1,  1904 
Encf.,   Worcester  Pol  v.  Inst.,  Worcester,   \.  .,  

Mais : i^-  ^P-'     '-'''' 

Carle,    Nathaniel    Allen.      709    Central    Bldg.,    Seattle, 

Wash April     4,   1911 

Carven,     Christopher     James.     Engr.     of     Maintenance, 

Water  Service,  Public  Works  Dept.,  City  of  Boston, 

34  Centre  St.,  Dorchester  Centre,  Mass April     4,   1911 

Farrington,  W'illiam  Rowe.     Div.  Engr.,  Mass.  Highway 

Comm.,    10   Bank   Bldg.,   Middleboro,   Mass May       2,   1911 

Gray,  Edward.    718  Chemical  Bldg.,  St.  Louis,   )   Assoc.  M.     May       1,  1907 

Mo f  M.  Dec.       6,1910 

)    Jun.  June      6,  1899 

Harby,  Isaac.     With  John  A.  Roebling's  Sons   (   j^^^^^    ^^      -^^^       g    ^^^3 

Co.,  Trenton,  N.  J (  j^ f     '      "     ^^^       2^1911 

Hazen,    John    Vose.      Prof,    of    Civ.    Eng.     and  ^ 

Graphics,  Dartmouth  Coll.,  33  North  Main  C      ^^°^-     "^""^        '  ^ 
o^     XT                XT    TT  C  M.  May       2,  1911 

St.,  Hanover,  N.  H )  ■^         ' 

Hendricks,  Victor  King.     Office  Engr.,  Frisco   )  ,,  ,,  ,     , r- 

T-o^T      -co       T^         •T.T.f   Assoc.  M.  May  1,  1895 

Lines,  St.  Louis  &  San  Francisco  R.  K.    -  .      .,  >     ,„,, 

„„.„,,,,  I   M.  April  4,  1911 

Co.,  Springfield,  Mo )  ^ 

Mackintosh,    Lachlan.      City    Engr.,   Mandalay,    Burma, 

India Jan.     31,  1911 

Meigs,  John.     812  Witherspoon  Bldg.,  Philadelphia,  Pa...     April     4,  1911 

Palmer,  Shepard  Brown.    (Chandler  &  Palmer),  161  Main 

St.,   Norwich,    Conn April     4,  1911 

Patton,  William  Baird.     Mgr.,  The  Duluth  Eng.  Co.,  612 

Palladio  Bldg.,  Duluth,  Minn May       2,1911 

Pelz,  Carl  Edouard.     Room  210,  Metropolitan  Tower,  New 

York   City May       2,1911 

Rathman,    Louis    Henry.      172    Cleveland    Ave.,    Buffalo, 

N.    Y May       2,1911 

Schildhauer,   Edward.     Elec.   and  Mech.   Engr.,   Culebra, 

Canal  Zone,  Panama April     4,  1911 

Shipman,  Eugene  Hicks.  917  Delaware  Ave.,  South  Beth- 
lehem, Pa May       2,  1911 

Weymouth,  Aubrey.     130  Central  Ave.,  Flushing,  N.  Y.  .  .     May       2,  1911 

Wharf,    Allison    James.     Asst.    Supt.,    Wyoming    Div., 

U.  P.  R.  R.  Co.,  2011  House  St.,  Cheyenne,  Wyo April     4.  1911 
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Abkott,  Carl  Prescott.     Box  2;i0,  Valhalla,  N.  Y May  2,  1911 

Alfoiu).  William  Valorus.     Garrettsville,  Ohio Nov.  1,1910 

Andrew,  Clarence  Raymond.     P.  O.  Box  102,  Wellsbuig, 

W.   Va April  4,   1911 

Haldwin,  George  Clyde.     Care,  U.  S.  Geological  Survey, 

P.  O.  Box  972,  Salt  Lake  City,  Utah April  4,  1911 

H.vuKOWS,  George  Ellsworth.     Care,  Ellsworth  Bros.,  50 

\A"est  Eagle  St.,  Buffalo,  N.  Y May  2,  1911 

Bass,  Fred  Thomson.     Care,  Post  &  McCord,  44  East  23d 

St..  New  Y^ork  City May  2,  1911 

Beebe,  Henry  Rumrill.     Coinnir.  of  Public  Works,   City 

Hall,  Utica,  N.  Y May  2.   1911 

Benedict,  Farrand  Northrop.    Engr.,  Thomas  ) 

Crimmins  Contr.  Co.,  24  East  99th   St.,   i  J"""  '^""'^  '^^   ^^^' 

New  York  City )  A-^"  ^'-  ^'^^  '-  '''' 

Bowles,  Charles  William.     Clif.  Engr  and  Mgr.,  Patiala 

State,  Patiala,  Punjab,   India Sept.  G,  1910 

Breuchaud,   Jules   Rowley.     290   Broadway,  )   Jun.  Nov.  1,  1904 

New  York  City f  Assoc.  M.  May  2,   1911 

Closson,   PJdgar   Stone.     Asst.   Engr.,   Public  )  r^     ,  .    -.r.^^ 

Jun.  Sept.  4,   1900 


Service   Comm.,   First   Dist.,    1047    East    ,  ,      ,,  ^    ,„,, 

10th  St.,  Brooklyn,  N.  Y (  Assoc.  M.     May       2.1911 

CoNXELL,    William    Henry-.      Deputy    Commr.    of    Public 
Works,  Borough  of  the  Bronx,  201st  St..  near  Perry 

Ave.,   New  York   City April     4,  1911 

Cooper,  Ray  De  Forest.    Burns,  Ore April     4,  1911 

CoRTELYor,   Spencer  Van  Zandt.     Asst.   Chf.  Engr.,  Los 
Angeles  County  Highway  Comm.,  365  East  Ave.  52, 

Los    Angeles,    Cal April     4,  1911 

Davies,  John  Percival.     529  West  111th  St.,  New  York 

City May       2,   1911 

Dodge,  Mott  V.     Care,  C.  B.  McConnell,  Burns,  Ore April     4,   1911 

Doyle,  Edmund  Henry.     City  Engr.,  Miami,  Okla Nov.       1,  1910 

Eldridge,   Maurice   Owen.     Care,   U.   S.   Dept.    of   Agri.. 

Washington,    D.    C April     4,   1911 

Fowler,  Frederick  Hall.     Asst.  Chf.  Engr.,    ■\  .      .,     „    ,„„„ 

U.    S.    Forest    Service,    1204    First   Na-   /  '^'^'^^;^^    ^^      'l^^'^^     ^-  ^^^^ 
tional  Bank  Bldg.,  San  Francisco,  Cal .  .    \      '       '       "     "  " 
Fox,   Charles   Louis.     Asst.    Supt.,   Pennsyl- 
vania Water  Co.,  701  Wood  St.,  Wilkins-    .   ,  ,r      ..  ^    ,«,, 
.„                                                                 (   Assoc.  M.     May       2,   1911 
burg,  Pa )                               •' 

Griffin,  Thomas  Stephen.     Little  Hocking,  Ohio May  2.  1911 

Griffith,  William  Francis  Roelofson.     40  ]\Iaple  Ave., 

Morristown,    N.    J May  2,  1911 

Hebshey,  John  Logan.     1501  Garfield  St.,  Beatrice,  Nebr.  .  Jan.  31,  1911 


4,   1911 
Jun.  May       5,   1903 
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HoRNEU,  Wesley  Winans.     Engr.  of  Constr.,   ] 

Sewer  Dept.,  5203  Maple  Ave.,  St.  Louis,   [  •^""-  ^^'P^'      ^'  ^^"^ 

jf^Q  C  Assoc.  M.     April     4,   1911 

Jackson,  Jesse  Aaron.  City  Engr.'s  Office,  Seattle,  Wash.  Feb.  28,  1911 
Jackson,  Stuart  Wilson.    Div.  Engr.,  Pennsylvania  State 

Highway  Dept.,   Wellsboro,   Pa April  4,  1911 

Kingman,  John  Jennings.      1st  Lieut.,   Corps  of  Engrs., 

U.  S.  A.,  Care,  Chf.  of  Engrs.,  Washington,  D.  C April  4,  1911 

Lally,  Thomas  Edward.     80  Fletcher  St.,  Boston,  Mass..  May  2,  1911 

Leeds,  Charles  Tileston.     1st  Lieut.,  Corps   ]  r  •?  lon^ 

of  Engrs.,  U.  S.  A.,   723   Central  Bldg.,    L     ''"'      ^^       /"'       /  .„    ' 
,        [       ^  ,  Assoc.  M      April     4,  1911 

Los  Angeles,  Cal ^ 

Odoni,  Vincent  Phillip.     539  East  Colfax   Ave.,  Denver, 

Colo April     4,  1911 

Petheram,   George  Thomas.     Chf.   Engr.,   Hanford   Irrig. 

&  Power  Co.,  Hanford.  Benton  Co.,  Wash Feb.     28,   1911 

Polk,  Martin  Collins.     City  Engr.,  Chico,  Cal Nov.       1,  1910 

Porter,  John  Endicott.    Asst.  Engr.,  Office  of  ] 

Engr.  of   Structures,   N.  Y.  C.  &  H.   R.    ] 

R.  R.,  7th  Floor,  Grand  Central  Palace,    I  '-^""-     _      f/P  '  ,„,, 

'    Assoc    M      Mnv       2    1911 
New  York  City   (Res.,  G  Ashburton  PL,    |   ^^^"^-  ^         ' 

Yonkers,  N.  Y.) J 

Pbeston,  George  Henry.     1027   Southern  Boulevard,  New 

York    City April     4,   1911 

Rich,  John  Robert.    Asst.  Engr.,  N.  &  W.  Ry.  Co.,  Bandy, 

Tazewell    Co.,   Va Dec.       G,   1910 

Thomson,  Warren  Brown.     Asst.  Engr.,  Bos-  )  _^                   ^  ,         ^    ,„,^- 

'   „     .,.           -c    -n     n^^      n         f    tji  i  f  Jun.                Feb.        5,   1907 

ton  &  Albany  R.  R..  Tlie  Granite  Bldg.,  y  ..,.,«,, 

c,     .      ^  ,j    ir  i  Assoc.  M.     April     4,  1911 

Springfield,  Mass )  ^ 

Wagner,  Allan  John.     1234  Fourtli  Ave.,  Oakland,  Cal..  April  4,  1911 

Warlow,  Adoniram  Judson.     Bethlehem  Steel   )    Jun.  May  1,  1906 

Co.,  313  West  North  St.,  Bethlehem,  Pa.  f  Assoc.  M.  Dec.  6,  1910 
Weeks,  Harry  Arthur.     Barge  Canal  Office,  Lyons  Blk., 

Albany,    N.    Y April  4,  1911 

Wise,  Robert  Emmet.    Asst.  Engr.,  Board  of  Water  Supply 

of  New  York  City,  Cold  Spring,  N.  Y May  2,  1911 

associates 
Goad,  Charles  Ernest.     Mgr.,  Charles  E.  Goad,  Ltd.,  15 

Wellington  St.,  West,  Toronto,  Ont.,  Canada April     4,  1911 

Ross,  Charles  W^ilson.     Street  Commr.,  City  of  Newton, 

City  Hall,  West  Newton,  Mass Feb.     28,  1911 

Vanderkloot,   William   John.      Secy,    and   Treas.,    South 

Halsted  Street  Iron  Works,  2G11  South  Halsted  St., 

Chicago,    111 May       2,  1911 
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Blkistkin.  Bkunakh  Joskpii.     240  Jamaica  Ave,  Astoria, 

N.     V April     4,1011 

Hiu).Nso.\,  llowAiU)  FiiANKi.ix.    Curc.  C.  M.  Saville,  Culebra, 

Canal    Zone,    Panama Nov.       1,   1910 

DoKiJiNd.  Aloysius  Henry.     Engr.  of  Structures,  Riverside 

Bridge  Co.,  Martins  Ferry.  Ohio April     4,   1911 

(lii.KisoN,    Gordon    Mercer.      Care,    The    Telluridc    Power 

Co.,    Provo,    Utah Nov.       1,   1910 

llANXAii,  Manton.     p.  O.  Bo.\  742,  Denison,  Tex Nov.       1,   1910 

Hayes,  Harry  Riddel.  158  West  58  St.,  New  York  City .  .  Feb.  28,1911 
LiGiiTNER,  George  W  Cass.  104  Erskine  St.,  Detroit,  ]\Iich.  Feb.  28,  1911 
Lucciietti-Otero,  Antonio  Sebastian.     Guayabal,  Juana- 

Diaz,    Porto   Rico Tan.       3,  1911 

O'Neil,    Harry   Bernard.      234    Williams    St.,    Providence, 

R.I Nov.       1,1910 

RiRLET,   Harry   Gaillard.     Care,   The   A.   Bentley   &   Sons 

Co..  7th  and  Magnolia  Ave.,  Louisville,  Ky Jan.     31,  1911 

RuTir,  Edg.vr  Kingsbury.     335  Madison  Ave.,  Room   1219, 

New    York    City May       2,  1911 

SciiEDLER,  Carl  \Villiam.  Jr.     80  Foster  Ave.,  Mt.  Vernon, 

N.    Y May       2,1911 

Schmidt,  Theodore  John.    Care,  Standard  Bridge  Co.,  Red 

Oak,     Iowa April     4,   1911 

Serra,  Jri.ius  Herschel.     19  Halsey  St.,  Brooklyn,  N.  Y.  .      Jan.       3,   1911 

Sharp,  Homer  J.     438  Pacific  Ave..  Long  Beach,  Cal April     4,   1911 

Snook,    Curtis    Pendleton.      132    Bellevue    Ave.,    Upper 

Montclair,    N.    J May       2,   1911 

Stocker,  Edward  Charles.     Instr.  in  Civ.  Eng.,  Univ.  of 

Colorado,   1146  Marine  St.,  Boulder,  Colo April     4,   1911 

Wauxock,    William   Harold.     GOl    West    140th    St.,    New 

York    City April     4,   1911 
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Bennett,  Samuel  Givens.     City  Engr.,  Oxnard,  Cal. 

Blunt,  William  Titcomb.     Swanton,  Ohio. 

Brown,  Walter  Henry.     Hydr.  Engr.,  Sierra  &  San  Francisco  Power  Co., 

The  Kenihvorth,  San  Francisco,  Cal. 
Burke,  ^Mir.o  Darwin.      (Burke  &  Venable,  Cons.  Engrs.),  Room  706,  Second 

National  Bank  Bldg.,  Cincinnati,  Ohio. 
Burt,  Henry  Jackson.     1618  Monadnock  Blk.,  Chicago,  111. 
Cantine,  Edward  Ike.     General  Delivery,  Portland,  Ore. 
Clapp,  Joseph  Malcolm.     Chf.  Engr.,  Duwamish  Ship  Canal;  Cons.  Engr., 

Burke  Bldg.,  Seattle,  Wash. 
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Clarke,  Thomas  Curtis.     701  Delaware  Ave.,  South  Bethlehem,  Pa. 
Cole,  Howard  Judson.     Ceu.   Supt.,  Caisson  Co.,  P.  0.  Box  84,  Wheeling, 

W.  Va. 
Collier,  Bryan  Cheves.     Res.  Engr.  for  H.  S.  Kerbaugh,  Valhalla    (Pves., 

Pleasantville),  N.  Y. 
DiMON,  Daniel  Young.     With  Eastern  Steel  Co.,  60  Broadway,  New  York 

City  (Res.,  315  Paulison  Ave.,  Passaic,  N.  J.). 
Ericson,  John  Ernst.     City  Engr.  of  Chicago,  City  Hall,  Chicago,  111. 
FiNLEY,    Edwin    Clifford.      Chf.    Engr.,    Manufacturers    Ry.,    South    Side 

Bank  Bldg.,  St.  Louis,  Mo. 
Frazier,  Harry.     Cons.  Engr.,  Lewisburg,  W.  Va. 
Hara  Aiyar,  Narayana  Pranatarti.     1236  West  St.,  Tanjore  Ft.,  Tanjore, 

Madras  Presidency,  India. 
Harding,  James  Judson.     General  Delivery,  Seattle,  Wash. 
Hayes,  Stanley  Wolcott.     Pres.,  Hayes  Track  Appliance  Co.,  Richuiond, 

Ind. 
Howell,  Franklin  Davinport.     The  Pacific  Co.,  Civ.  and  Min.  Engrs.,  Suite 

548,  I.  W.  Hellman  Bldg.,  Los  Angeles,  Cal. 
Janvrin,  Ned  Herbert.     201  Liberty  St.,  Newburgh,  N.  Y. 
Labelle,    Henry    Francis.      Cons.      Ilydr.    Engr.,    703    West    Silver    St., 

Albuquerque,  N.  Mex. 
Lee,    Francis   Valentine   Toldervy.      Care,    Royal    Colonial    Inst.,    Nortli- 

umberland  Ave.,  London,  W.  C,  England. 
Lepper,  Fred  William.     97  Carlyon  Rd.,  East  Cleveland,  Ohio. 
McKay,  Hood.     Pres.,  O.  S.  Richardson  Coal  Co.,  203  South  Dearborn  St., 

Chicago,  111. 
Malmros,  Nils  Lorentz.     Care,   Ernest   Flagg,    109   Broad   St.,  New  York 

City. 
Meads,   Charles.     Pres.,   Charles  Meads   &  Co.,    165   Broadway,  New  York 

City. 
Miles,  John  Wiley.     Locating  Engr.,  Ferroearriles  Nacionales  de  Mexico, 

Megapalapa,  Puebla,  Mexico. 
Miller,  Hiram  Allen.     Cons.  Engr.,  8  Beacon  St.,  Boston,  Mass. 
MoRAN,  Daniel  Edward.     Cons.  Engr.,  53  Liberty  St.,  New  York  City. 
Ostrup,  John  Christian.     Prof,  of  Structural  Eng.,  Stevens  Inst,  of  Tech., 

Hoboken,  N.  J.;    Cons.   Engr.,   17   Battery   PL,   7th   Floor,   New  York 

City. 
Pearl,  Walter.     Care,  Pioneer  Constr.  Co..  Durango,  Colo. 
Peary,  Robert  Edwin.     Rear-Admiral,  U.  S.  N.,  South  Harpswell,  Me. 
PoETSCH,  Charles  Julius.     City  Engr.,  530  Linwood  Ave.,  Milwaukee,  Wis. 
RiGGS,  Henry  Earle.     (The  Riggs  &  Sherman  Co.,  Cons.  Engrs.),  613  Nasby 

Bldg.,  Toledo,  Ohio  (Res.,  114  Fourteenth  St.,  Ann  Arbor,  Mich.). 
Roberts,  William  Jackson.  State  Highway  Commr.,  Olympia,  Wash. 
Sherman,  Edward  Clayton.     Prin.  Asst.  Engr.,  Barrows  &  Breed,  6  Beacon 

St.,  Boston,  Mass. 
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SnoKSiAKKU.  ]\1ak.sjialk  Nky.     Cons.  Engr.,  722  Union  Bldg.,  Newark,  N.  J. 

Speak.  Wai.tkr  Evans.  Dept.  Engr.,  Board  of  Water  Supply  of  the  City  of 
New  York.  250  West  54tli  St..  New  York  City. 

Stevens,  John  Fkank.     Care,  Union  League  Club,  Cliicago.   111. 

Stone.  Henry  IMorton.    Div.  Engr.,  C.  R.  I.  &  P.  Ry.  Co.,  Little  Rock,  Ark. 

Stkk'KI.er,  Gratz  BRt)WN.  Pros.,  Southern  Sand  &  Gravel  Co.,  Inc.,  Fred- 
ericksburg, Va. 

Tayi.ok.  Wii.T.TAJr  Gavin.  Deputy  Chf.  Engr.,  Passaic  Val.  Sewerage  Commrs., 
2!)   Clinton   St.,   Newark.   N.  J. 

Timonofe.  YsEvor.on  Evcuenievitch.  Director,  Statistical  Dept.,  Ministry 
of  \\'ays  of  Communications;  Prof.,  Inst,  of  Ways  of  Communications; 
Member  of  the  Technical  Counsels,  Ministry  of  Commerce  and  Industry, 
Ministry  of  Ways  of  Communications;  President  of  Hydrological 
Committee,  IMinistry  of  Agriculture,  72  Perspective  Zagorodny,  St. 
Petersburg,  Russia. 

Van  CLE^'E,  Aaron  Howell.     220  West  57th  St.,  New  York  City. 

Van  Noruen,  Ernest  Maitland.  Civ.  Engr.,  New  York  Edison  Co.,  55 
Duane  St.,  New  Y^ork  City   (Res.,  1065  Sterling  PI.,  Brooklyn,  N.  Y.). 

Venable,  William  Mayo.  (Burke  &  Venable,  Cons.  Engrs.),  Room  706, 
Second  National  Bank  Bldg.,  Cincinnati,  Ohio. 

Vrkoenburgh,  Watson,  Jr.  Cons,  and  Inspecting  Engr.  (Hildreth  &  Co.), 
17  Battery  PI.,  New  York  City. 

Witt,  Carlton  Carpenter.  Engr.,  Kansas  Public  Utilities  Comm.,  Topeka, 
Kans. 

Yates,  Preston  King.    Stoneco,  Dutchess  Co.,  N.  Y. 

associate  members 
Alexander.  Robert  Lee.    Kennewick,  Wash. 

Anderson,  William  Townsend.     103  Waverly  PL,  New  Y^rk  City. 
Aykes,  John  Henry.     Asst.  Engr.,  Div.  of  Water  Supply  and  Sewers,  Office 

of  City   Engr.,  Manila,   Philippine  Islands. 
Bannister,  Carl  Lincoln.     Hinckley,  N.  Y''. 
Bassei-l,  Guy  Mannering.     Box   143,  Massena,   N.   Y. 
Brady,  Joseph.     94  Seventh  Ave.,  Brooklyn,  N.  Y. 
Bbinsmade,  Daniel  Edwards.     Secy,  and  Asst.  Treas.,  The  Ousatonic  Water 

Power  Co.,  Box  95,  Derby,  Conn. 
Brooke.   George  Doswell.     Asst.  Engr.,  Operating  Dept.,   B.  &  0.   R.    R., 

B.  &  O.  Bldg.,  Baltimore,  Md. 
BiNKER,  Stephen   Sans.      1012  Washington  St.,  Bath,  Me. 
Blrke,  Ralph  Haney.     10911  Grove  St.,  Morgan  Park,  111. 
Burton,  \\'illiam.     270  Midland  Ave.,  Upper  Montclair.  N.  J. 
Chase,  Frank  Davh).     Archt..  Wostorn  Elec.  Co..  229  South  Scoville  Ave., 

Oak  Park,  HI. 
Corrigan,  George  Washington.     Asst.  Engr.,  S.  P.  Co.,  Weed,  Cal. 
CowAN,  Henry  Edwin.     30  Webster  St.,  Suite  7,  Brookline,  Mass. 
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Cutting,  George  Warren,  Jr.     Civ.  and  Hydr.  Engr.,  Weston,  Mass. 

Demorest,  George  Myron.  Care,  Am.  Bridge  Co.,  Frick  Bldg.,  Pittsburg, 
Pa. 

DiLKS,  Lorenzo  ('aklisi.e.  Contr.  Mgr.,  The  Eastern  Steel  Co.,  60  Broad- 
way, New  York  City. 

Dunn,  Oswald  Thorpe.  Asst.  Engr.,  Yazoo  &  Mississippi  Val.  R.  R.,  Vicks- 
burg,  Miss. 

Ely,  John  Andrews.    Care,  Bldg.  Bureau,  500  Park  Ave.,  New  York  City. 

ESTES,  Franklin  Edward.     Contr.  Engr.,  Box  506,  St.  Petersburg,  Fla. 

FitzGerald,  Christopher  Columbus.  Chf.  Engr.,  T.  L.  Huston  Contr.  Co., 
Habana  88,   Havana,   Cviba. 

Gartensteig,  Charles.  Engr.  of  Design,  Office  of  Pres.,  Borough  of  the 
Bronx,  177th  St.  and  3d  Ave.  (Res.,  30  West  85th  St.),  New  York 
City. 

Gersbach,  Edward  Charles.     Montezuma,  Iowa. 

Green,  Paul  Evans.  Cons,  and  San.  Engr.,  17  North  La  Salle  St.,  Chi- 
cago, HI. 

Gustafson,  Gustaf  Edward.  Bldg.  Constr.  Engr.,  Board  of  Education, 
1229   Addison   Ave.,   Chicago,   111. 

Hamlin,  Ralph.  Chf.  Engr.,  Pike  &  Cook,  416  Fifth  St.,  South,  Minne- 
apolis, Minn. 

Hays,  Don.     701  E.  A  St.,  North  Yakima,  Wash. 

Heller,  John  Walter.     Eng.  Contr.,  Firemen's  Bldg.,  Newark,  N.  J. 

Hilton,  Joseph  Churchill.  Secy.,  Mason,  Hilton  &  Co.,  Contrs.,  17  Battery 
PL,  New  York  City. 

Hufschmidt,  William  Paul.     2340  Franklin  St..  Denver,  Colo. 

Huston,  Tillinghast  L'Hommedieu.  Gen.  Contr.,  Habana  88,  Havana, 
Cuba. 

KiEHM,  Charles.     Cons.  Engr.,  26  Gardner  Bldg.,  Utica,  N.  Y. 

Kirkpatrick,  Harlow  Barton.     439  North  Catherine  Ave.,  La  Grange,  111. 

Kyle,  Ralph  Briggs.     Ensenada,  B.  C,  Mexico. 

Land,  John  Thomas.  Designing  Engr.  and  Draftsman,  Florida  East  Coast 
Ry.,  Box  1228,  Jacksonville,  Fla. 

LiNARD,  Drew  Jones.     116  Masonic  Temple,  Mobile,  Ala. 

LoBO,  Carlos.  Asst.  Engr.,  Dept.  of  Water  Supply,  Ga»  and  Electricity, 
Room  41,  Mimicipal  Bldg.   (Res.,  550  Seventh  St.),  Brooklyn,  N.  Y. 

Macnab,  George  Travilla.  Asst.  Engr.,  Highways,  Borough  of  Bronx. 
311  West  95th  St.,  New  York  City. 

McCoNNELL,  John  Lorenzo.     1514  East  54th  St.,  Chicago,  111. 

McGregor,  Robert  Roy.     Asst.  Engr.,  S.  P.  Co.,  645  Sierra  St.,  Reno,  Nev. 

Mair,  John  William.     49  North  High  St.,  Columbus,  Ohio. 

Miller,  Hiram.     102  Carmel  St.,  New  Haven,  Conn. 

Nelson,  Fred  Burgess.     966  Anderson  Ave.,  Highbridge,  New  York  City. 

NiKOLiTCH,  Milan.     Hydr.  Engr.,  106  Novinski  Boulevard,  Moscow,  Russia. 

Pike,  Ralph  Ashur.     P.  O.  Box  62,  East  Woodstock,  Conn. 
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RiiKTT,  Ai.RERT  PTasketx.     Stnic'tuviil   Enpr.,  N.  Y.,  Westchester  &  Boston 

Ry.  Co.,  Grand  Central  Terminal,   New  York  City. 
RoRKRTs,  Wir.i.iAM  Wii.LiAMS,  Jr.     139  East  45th  St.,  New  York  City. 
I\Oiu N.SOX.  EnwAiu)  William.    Vice-Pres..  Rupglcs- Robinson  Co.,  331  Madison 

Ave.,  New  York  City. 
SAinvDERS,  Walter  Bowen.     Care,  Western  States  Gas  &  Elec.  Co.,  Placer- 

ville,  Cal. 
SiiiPMAN,  Ciiartj;y  Evans.     Laurel,  Mont. 

SiNNicKsoN,  George  Rosengarten.     Penna.  R.  R.  Office,  Willianisport,  Pa. 
Smith,  Chester  Wason.     Altmar,  N.  Y. 
Smith,  Eliot  Nichols.     Stone  Ridge,  Ulster  Co.,  N.  Y. 
Souther,  Theopore  Wheeler.     30  Claflin  Rd.,  Brookline,  Mass. 
Steere,  Anthony  Enoch.     Res.  Engr.,  Barge  Canal  Office,  Waterloo,  N.  Y. 
Stengel,  Carl  Henry.     2674  Jerome  Ave.,  Fordham,  N.  Y. 
Stenger,  Ernest.     Gen.  Mgr.,  The  St.  Joseph  &  Grand  Island  Ry.  Co.,  St. 

Joseph,  Mo. 
Stewart,  John  Wellington.     Roswell,  N.  Mex. 
Talhot,  Earle.     Res.  Engr.,  Impvt.  of  Erie  Canal,   196  Genesee  St.,  Utica, 

N.  Y. 
Titsworth,   Ralph   Bentley.     58  Lafayette  Boulevard,   Detroit,  Mich. 
ToRREY,  James  Eaton.     612  East  26th  St.,  Paterson,  N.  J. 
Tratman,  Edward  Ernest  Russell.     1138  Monadnock  Blk.,  Chicago,  111. 
Trott,  David  Crooker.   Supt.  of  Constr.  Avith  Siiperv.  Archt.,  U.  S.  Treasury, 

Missoula,  Mont. 
Wai.oron,  Albert  Edwin.     Capt.,  Corps  of  Engi-s.,  U.  S.  A.,  U.  S.  Engr. 

Office,  P.  O.  Bldg.,  New  London,  Conn. 
Walker,  Edward  Mansfield.     190  Owen  Ave.,  Detroit,  Mich. 
Warren,  Herbert  Anson.    Contr.  Mgr.,  Am.  Bridge  Co.  of  New  York,  600 

Continental  Trust  Bldg.,  Baltimore,  Md. 
Williams,  Roger  Butler,  Jr.     Care,  The  Susquehanna  Ry.,  Light  &  Power 

Co.,  40  Wall  St.,  New  York  City. 
WoLCOTT,  Christopher  Stanton.    Care,  Y.  M.  C.  A.,  Hazleton,  Pa. 

ASSOCLA.TES 

Howe,  James  Vance.     Little  Falls,  W.  Va. 

Smith,  Walter  Townsend.      1123   Broadway.   Room   1200    (Res..  448   West 
22d  St.),  New  York  City. 

OrUNIORS 

Backus,  Murray  James.     Guanica  Centrale,  Ensenada,  Porto  Rico. 
Barnes,  Harry   Everett.     Asst.  Engr.,   Board  of  Water   Supply,   Box   69, 

Newburgh,  N.  Y. 
Battie,  Herbert  Scandlin.     57  Main  St.,  Elmhurst,  N.  Y. 
Bennet,  Orville  Green,  Jr.     Care,  General  Motors  Co.,  Detroit,  Mich. 
Biggs,  Carroll  Addison.    Designer  for  William  G.  Fargo,  219  West  Franklin 

St.,  Jackson,  Mich. 
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Brown,  Geover  Charles.     Care,  Enrique  Ruiz  Williams,  Luz  Caballero  16, 

Apartado    149,    Sagua   La    Grande,    Cuba. 
Brown,  William  Clinton.     Care,  Humphrey  Gas  Pump  Co.,  S.  A.  &  K. 

BIdg.,  Syracuse,  N.  Y. 
BuELL,  Walter  Augustus.     Care,  The  Union  Sulphur  Co.,  Sulphur,  La. 
Cahill,    John    Richard.      Care,    E.    F.    Cahill,    Cosmos    Club,    Sutter    and 

Octavia  Sts.,   San  Francisco,  Cal. 
Carpenter,  James   Wilhelm.     2074  East  83d  St.,  Cleveland,  Ohio. 
GiBBLE,  Isaac  Oberholzer.     Asst.  Engr.,  The  United  Fruit  Co.,  Bocas  del 

Toro,  Panama. 
Goxild,  John  Warren  Du  Bois.     269  Lexington  Ave.,  New  York  City. 
Hale,  Herbert  Miller,     Asst.  Engr.,   Board  of  Water  Supply,  250  West 

54th  St.,  New  York  City. 
Hazen,  Ralph  William.     Care,  U.  S.  Reclamation  Service,  Powell,  Wyo. 
Henry,  Smith  Tompkins.     1021  Schofield  Bldg.,  Cleveland,  Ohio. 
Holmes,  Thomas  Hughes.     Care,  Bates  &  Rogers,  Camp  1,  Celilo,  Ore. 
Huff,  Walter  William.     Draftsman,  Bridge  Dept.,  L.  S.  &  M.  S.  Ry.,  2538 

High  St.,  Denver,  Colo. 
Hutchins,  Harry  Crocker.     15  West  107th  St.,  New  York  City. 
Jordan,  Myron  Kendall.     With  H.  S.  Crocker,  Cons.  Engr.,  438  Century 

Bldg.,  Denver,  Colo. 
Kittredge,  Frank  Alvah.     Engr.,  State  Road,  4130  Eleventh  Ave.,  N.  E., 

Seattle,  Wash. 
MacIlvaine,  Francis  Shippen.     154  West  State  St.,  Trenton,  N.  J. 
Mack,  George  Horace.     Field  Draftsman,  Davenport-Muscatine  Ry.,  Care, 

K.  C.  Weedin,  Davenport,  Iowa. 
Maktinez,  Rolando  Arnoldo.     Carcel  27  Bajos,  Havana,  Cuba. 
Mehren,  Edward  John.     Mgr.,  The  Emerson  Co.,  30  Church  St.,  New  York 

City. 
Merriman,  Richard  Mansfield.     Central  Valley,  Orange  Co.,  N.  Y. 
Muchemore,  Harrie  Langdon.     Care,  C.  F.  Graff,  603  Crary  Bldg.,  Seattle, 

Wash. 
Reynolds,  Robert  Albert.     134  Collingwood  Ave.,  Detroit,  Mich. 
Scott,    Walter    Vanderbelt.     With    Lackawanna    Bridge    Co.     (Res.,    284 

Delaware  Ave. ) ,  Buffalo,  N.  Y. 
Stanton,  Robert  Brewster,  Jr.     284  Sigourney  St.,  Hartford,  Conn. 
Teal,  Jonathan  Ernest.     Roadmaster,  Mo.  Pac.  Ry.,  Huttig,  Ark. 
W^ESTON,  Frederick  Sampson.     Middleboro,  Mass. 
Wright,  Thomas  Judson,  Jr.     Office  of  Chf.  Engr.,  The  Piedmont  Traction 

Co.,  Charlotte,  N.  C. 


RESIGNATIONS 


Date  of 
jsignatioi 

Kenly,   William   Lacy May      2,  1911 


members  -a  i- 

Resignation. 


I 
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DEATHS 

KwiNG,  Wji.ham  JJioN.     lOlofU'd  Junior,  April  :u\.  1SS9;  Associate  Member, 
February    3d,    1892;    Member,    November    2(1,    1898;    died   April    Btli, 

inn. 

l.owuii:,    llAiivKY   CiiiLDS.     Elected   Member,   March    2d,    1892;    died  March 

2Uth,    1911. 
Manter.  Ralph  Barton.     Elected  Associate  Member,  June  1st,  1904;  died 

February   2d,    1911. 

Total  Membership  of  the  Society,  May  9th,  191 1, 
6  000. 
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CURRENT    ENGINEERING    LITERATURE 


[Society 


MONTHLY    LIST  OF   RECENT   ENGINEERING    ARTICLES  OF 

INTEREST 

(April  8th  to  May  5th,  1911) 

Note. — This  list  is  puhlished  for  the  purpose  of  placing  before  the 
members  of  the  Society,  the  titles  of  current  engineering  articles, 
which  can  be  referred  to  in  any  available  engineering  library,  or  can  be 
procured  by  addressing  the  publication  directly,  the  address  and  price 
being  given  wherever  possible. 

LIST   OF  PUBLICATIONS 

In  the  subjoined  list  of  articles,  references  are  given  by  the  number 
prefixed  to  each  journal  in  this  list: 


(1 
(2 

(3 

(4 
(5 
(6 

(8 

(9 

(10 

(11 

(12 

(13 
(14 
(15 
(16 
(17 
(18 
(19 

(20 

(21 

(22 
(23 
(24 
(25 
(26 
(27 


Journal,  Assoc.  Eng.  Soc,  31 
Milk    St.,    Boston,    Mass.,    30c. 

Proceedings,  Engrs.  Club  of  Phila., 
1317  Spruce  St.,  Philadelphia, 
Pa. 

Journal,  Franklin  Inst.,  Philadel- 
phia,   Pa.,   50c. 

Journal,  Western  Soc.  of  Engrs., 
Monadnock  Blk.,  Chicago,   111. 

Transactions,  Can.  Soc.  C.  B., 
Montreal,    Que.,    Canada. 

School  of  Mines  Quarterly,  Co- 
lumbia Univ.,  New  York  City, 
50c. 

Stevens  Institute  Indicator,  Stevens 
Inst.,   Hoboken,   N.   J.,   50c. 

Engineering  Magazine,  New  York 
City,   25c. 

Gassier' s  Magazine,  New  York  City, 
25c. 

Engineering  (London),  W.  H. 
Wiley,    New   York    City,    25c. 

The  Engineer  (London),  Inter- 
national News  Co.,  New  York 
City,    35c. 

Engineering  News,  New  York  City, 
i5c. 

The  Engineering  Record,  New  York 
City,    12c. 

Railway  Age  Gazette,  New  York 
City,    15c. 

Engineering  and  Mining  Journal, 
New  York  City,   15c. 

Electric  Railway  Journal,  New 
York    City,    10c. 

Railtoay  and  Engineering  Review, 
Chicago,   111.,   10c. 

Scientific  American  Supplement, 
New   York   City,    10c. 

Iro7i   Age,   New   York   City,    10c. 

Railtoay  Engineer,  London,  Eng- 
land,   25c. 

Iro7i  and  Coal  Trades  Review,  Lon- 
don,   England,    25c. 

Bulletin,  American  Iron  and  Steel 
Assoc,    Philadelphia,    Pa. 

American  (las  Light  Journal,  New 
York   City,    10c. 

American  Engineer,  New  York 
City,    20c. 

Electrical  Rcvieiv,  London,  Eng- 
land. 

Electrical  World,  New  York  City, 
10c. 


35 


Journal,  New  England  Water- 
Works  Assoc,   Boston,  Mass.,   $1. 

Jouriial,  Royal  Society  of  Arts, 
London,   England,    15c. 

Annates  des  Travaux  Publics  de 
Belgique,    Brussels,    Belgium. 

Annales  de  I'Assoc  des  Ing.  Sortis 
des  Ecoles  Speciales  de  Gand, 
Brussels,    Belgium. 

MSmoires  et  Compte  Rendu  des 
Travaux,  Soc.  Ing.  Civ.  de 
France,    Paris,    France. 

Le   G6nie   Civil,   Paris,   France. 

Portefeuille  Economiques  des  Ma- 
chines,  Paris,   France. 

Nouvelles  Annales  de  la  Construc- 
tion,  Paris,    France. 

Revue  de  M6canique,  Paris,  France. 

Revue  Gencrale  des  Chemins  de 
Fer  et  des  Tramways,  Paris, 
France. 

Modern  Machinery,  Chicago,  111., 
10c. 

Proceedings,  Am.  Inst.  Elec, 
Engrs.,    New   York   City,    50c. 

An7iales  des  Fonts  et  Chauss6es, 
Paris,   France. 

Journal,  Militai-y  Service  Institu- 
tion, Governors  Island,  New  York 
Harbor,    50c. 

Mines  and  Minerals,  Scranton,  Pa., 
20c. 

Scientific  American,  New  York 
City,  8c 

Mechanical  Engineer,  Manchester, 
England. 

Zeitschrift,  Verein  Deutscher  In- 
genieure,    Berlin,    Germany. 

Zeitschrift  filr  Bautvesen,  Berlin, 
Germany. 

Stahl  und  Eisen,  Diisseldorf,  Ger- 
many. 

Deutsche  Bauzeitung,  Berlin,  Ger- 
many. 

Rigasche  Industrie-Zeitung,  Riga, 
Russia. 

Zeitschrift,  Oesterreichischer  In- 
genieur  und  Architekten  Verein, 
Vienna,    Austria. 

Transactions,  Am.  Soc.  C.  E.,  New 
York    City,    $4. 

Transactions,  Am.  Soc.  M.  E.,  New 
York   City,    $10. 

Transactions,  Am.  Inst.  Min. 
Engrs.,    New    York    City,    $5. 
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(57)  Colliery     Guardian,    Loudon,     Eng- 

land. 

(58)  Proceedings,    Engrs.'    Soc.    \V.    Pa., 

803      Fulton      Bldg.,      Pittsburg, 
Pa.,    50c. 
[Sf)    Traiisavtions,  Mining   Inst,   of  Scot- 
land,     London      and      Newcastle- 
upon-Tyne,    England. 

(60)  Municipal       Enyineering,       Indian- 

apolis,   Ind.,    25c. 

(61)  Proceedings.        Western        Railway 

Club,   225  Dearborn  St.,  Chicago, 
111..   25c. 

(62)  Industrial     ^Vorld,     59     Ninth     St., 

Pittsburg,    Pa. 

(63)  Miinttes  of  Proceedings,  Inst.  C.  E., 

London,  England. 

(64)  Power.   New  York  City,   20c. 

(65)  Ofjicial      Proceedinqs.      New      York 

Railroad   Club,    i3rooklyn,    N.    Y., 
15c. 

(66)  Journal    of    Gas    Lighting,    London, 

England,   15c. 

(67)  Cement     and     Engineering     News, 

Chicago,    111.,    25c. 

(68)  Mining  Journal,  London,  England. 

(70)  Engineering      Review,      New      Yorlj 

City,    10c. 

(71)  Journal.  Iron  and  Steel  Inst.,  Lon- 

don,   England. 
(71a)    Carnegie       S(  holarship       Memoirs, 
Iron     and     Steel     Inst.,     London, 
England. 

(73)  Electrician,    London,    England,    18c. 

(74)  Transactions,     Inst,     of     Min.     and 

Metal.,    London,    England. 

(75)  Proceedings.   Inst,   of   Mech.   Engrs., 

London,    England. 

(76)  Brick.   Chicago.   111.,   10c. 

(77)  Journal.  Inst.  Elec.  Engrs.,  London, 

England. 

(78)  Beton    tind   Eisen,   Vienna,    Austria. 

(79)  Forscherarbeiten.    Vienna,    Austria. 

(80)  Tonindusti-ie   Zeitung,    Berlin,    Ger- 

many. 

(81)  Zcitsehrift  fiir  Arehitektur  und  In- 

genieurwesen,     Wiesbaden,     Ger- 
many. 
(83)   Proqressive    Age,    New    York    City, 
15c. 


(84)  Lc   Ciment.    Paris,    Prance. 

(85)  Proceedings,  Am.   Ry.   Eug.   and  M. 

of  W.  Assoc,  Chicago,   111. 

(86)  Ennineering-Contracting.      Chicago, 

111.,     10c. 

(87)  Roadmaster  and  Foreman,  Chicago, 

111.,    10c. 

(88)  Bulletin    of    the    International    Ry. 

Congress    Assoc,    Brussels,    Bel- 
gium. 

(89)  Procccdi7ios,   Am.    Soc.   for   Testing 

Materials,    Philadelphia,   Pa. 

(90)  Transactions.        Inst.        of        Naval 

Archts.,    London,    England. 

(91)  Transactions,     Soc     Naval     Archts. 

and    Marine    Engrs.,    New    York 
City. 

(92)  Bnllctvn.        Soc.        d'Encouragement 

pour   rindustrie   Nationale,  Paris, 
France. 

(93)  Revue       de       Melallurgie,       Paris, 

France,    4    fr.    50. 

(94)  The  Boiler  Maker,  New  York  City, 

10c. 

(95)  International    Marine    Engineering, 

New  York  City,  20c. 

(96)  Canadian    Engineer,   Toronto,    Ont., 

Canada,    15c. 

(97)  Turbine,  Berlin,  Germany,   1  Mark. 

(98)  Journal.      Eiigrs.      Soc.      Pa.,      219 

Market  St.,   Harrisburg,  Pa.,  30c. 

(99)  Proceedings,  Am.  Soc.  of  Municipal 

Improvements,    New    York    City, 
$1.50. 

(100)  Professional     Memoirs,     Corps     of 

Engrs.,     U.     S.     A.,     Washington, 
D.    C,    $]. 

(101)  Metal     Worker,    New    York     City. 

1  Oc. 

(102)  Oman    fiir      die    Fortsehritte    des 

Eisenbahnwesens,  Wiesbaden, 

Germany. 

H03)  iMining  and  Scientific  Press,  San 
Francisco,   Cal.,  lOc 

(104)  The  Surveyor  and  Municipal  and 
County  Engineer,  London,  Eng- 
land,   6d. 

(i05)  Metallurgical  and  Chemical  En- 
gineering, New  York  City,  25c. 


LIST  OF  ARTICLES. 
Bridges. 

The   Reconstruction   of   Trianon    Bridge,    Mauritius,    in    Reinforced    Concrete.*      Paul 

le  Juge  de   Segrais,   M.   Inst.   C.   E.      (63)      Vol.   183. 
Bascule    Bridge    at    Copenhagen    Harbour.*       (11)       Mar.    31. 
Relation  of  Bridge  Specifications  to  Highway  Improvement.*     Albert  Smith.     (Paper 

read   before   the   Indiana    Eng.    Soc.)       (60)      Apr. 
Reinforcement   of   Pecos   Viaduct.      W.   H.    Alderson.      (4)      Apr. 
Lift-Span   of  the  Hawthorne  Avenue  Bridge,    Portland,   Ore.*      (14)      Apr.   8. 
The  Old  Man  River  Viaduct.*      (14)      Apr.   8. 
Concrete    Bridges    and    Culverts    in    Iowa.      T.    H.    McDonald.       (Abstract    of    paper 

read   before  the   Iowa  Asoc   of  Cement   Users.)       (14)      Apr.    8. 
A    Suspension     Bridge    with     Flat    Cables    of    Riveted-Plate    Construction.       (13) 

Apr.   13.  ^    „ 

Adaptation   of   Concrete   to   Long   Span   Bridges.      F.   Barber,   A.   M.   Can.    Soc.   C.   E. 

(Paper   read    before   the   Can.    Cement   and    Concrete   Assoc.)       (96)      Apr.    13; 

(86)       Apr.    26;      (14)       Apr.    8.  ,,,^ 

A    Reinforced-Concrete    Arch    Bridge    with    Separately    Molded    Members.*       (13) 

Apr.    13.  „.  „    . 

Main    Street    Steel    Arch    Viaduct    over    O.    K.    Creek    Valley,    Kansas    City,    Mc* 

Kenneth   Hartley.      (13)      Apr.   13. 


♦Illustrated. 
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Bridges     (Continued). 

Keiiowal  of  the  Gray's  Ferry  Bridge,  Philadelphia.*      S.  Savage.      (14)      Apr.  15. 

.•V  Concrete  Truss  Bridge.*      (14)      Apr.   15. 

HiiildiiiK    BridKo    Piers    with    Little   Clearance.       (14)      Apr.    15. 

Designs  for  the  New  Quebec  Bridge,  and  the  Accepted  Design.*      (13)      Apr.   20. 

Waterford    Bridge.*       (11)       Apr.    21. 

Anchor  Pier  Bearings  and  Typical  Connections,  Beaver  Bridge.*      (14)      Apr.  22. 

Recent    Developments    in    Bridge   Construction.      Prank    P.    McKibben.       (Paper   read 

before  Mass.   Inst,  of  Tech.)       (86)      Apr.   20. 
Impact  Tests  on  a  Reinforced  Concrete  Trestle,  C,  M.  &  St.   P.  Ry.*      J.   H.  Prior. 

(13)      Apr.   27. 
Renewal  of  Kentucky  River  High  Bridge.*      H.  H.   Starr,  Assoc.   M.   Am.   Soc.  C.   E. 

(13)      Apr.    27;     (15)      Apr.   28;     (11)      Apr.   29. 
Reinforced  Concrete  Trestle  on  the  Rock  Island  Railway.*      (14)      Apr.  29. 
Substructure   of   the    New    Kentucky   &   Indiana    Bridge.*       (14)      Apr.    29. 
The   Centering   for  the   281   Ft.    Concrete   Arch   of   the   Monroe   St.    Bridge,    Spokane, 

Wash.*      P.  F.   Kennedy.      (13)      May  4;      (14)      Apr.   29;      (86)      Apr.   19. 
Bridge  Replacement  on   the  Boston   &  Albany.*      (15)      May   5. 
Dispositif   de   Manoeuvre   d'uu   Pont   Tournant   par   Pivot  k  Vis.*      A.    Carrez.      (30) 

Apr. 
Le   Double   Pont  Tournant  dit  nerrenbriicke  sur   la  Travc  a   Liibeck    (Allemagne).* 

L.   Descans.      (30)      Apr. 
Neubau    der    Langenzugbriicke    in    Hamburg.*       Leo.       (78)       Apr.    1. 
Vereinfachte   Berechnung  von   eingespannten   Gewolben   nach  der  Elastizitiitstheorie. 

S.    Sor.      (78)      Apr.    1. 
Der   Umbau   der   Eisenbahnbriicke   iiber   die   Elbe   bei   Wittenberge.*      R.    Wiistehube. 

(48)      Apr.    15. 
Einige    neuere    eiserne    Briicken    in    Russland,    insbesondere    die    Dnjepr-Briicke    bei 

Alexandrowsk.*     Karl  Bernhard.      (51)      Apr.  19. 

Electrical. 

Electricity    Applied    to    a    Modern    Tunnelling    Work.      Harry    Edward    Yerbury,    M. 

Inst.   C.    E.      (63)      Vol.    183. 
The    Hygroscopic     Susceptibility     of    Fibrous     Insulating    Materials     for     Electrical 

Machinery.      William    Pollard    Digby.       (63)       Vol.    183. 
Aerial    Telegraphs   on    English    Railways.*       (26)      Mar.    31. 
Small   Electric   Lighting  Plants.      C.   Bell   Walker.      (Abstract  of  paper   read   before 

the    Birmingham    and    District   Electric    Club.)       (73)       Mar.    31. 
On    Resistances   With    Current   and    Potential   Terminals.*      G.   F.    C.    Searle.       (73) 

Serial    beginning    Mar.    31. 
The   Application   of   Electricity   in   Mining   Industries.*      Rollin   W.   Hutchinson,    Jr. 

(9)      Apr. 
The  Rise    in   Temperature   of   Electrical   Apparatus.*      F.    Bacon.       (26)      Apr.    7. 
Characteristics    of    the    Three-Phase    Series    Commutator    Motor.*       R.    Rudenberg. 

(Abstract  from  Elektrotechnische  Zeitschrift.)      (73)      Apr.  7. 
The  Reduced  Current   Method  for   Localising  Fractures   in   Submarine   Cables.*      R. 

Rolland  Black.      (73)      Apr.  7. 
A  Mechanical  Alternating-Current  Wave-Analyzer.*      C.  A.  Pierce.      (27)      Apr.  13. 
Pressure  Rises  on   Opening  Short-Circuits.*      A.   G.   Collis.      (Paper   read  before   the 

South   Wales   Inst,   of   Engrs.)       (27)      Apr.    13. 
Specifications    for     New     National     Electrical     Code     Rubber- Covered     Wire.        (27) 

Apr.   13;     (13)      Apr.    27. 
Submersible    Electric   Motor.*       (96)      Apr.    13. 

Water-Power    Development    in    Southern    Minnesota.*       (27)      Apr.    13. 
Electricity   Meters.      (73)      Apr.   14. 
The   Electrical    Production   of    Steel    at   the   Works   of   the   Bicher-Hiittenvereins    Le 

Gallais    Metz    &    Co.,     at    Dommeldingen.       (Abstract    from    Electrotechnische 

Zeitschrift.)       (73)      Apr.    14. 
Automatic  Starters   for  Induction   Motors.*      R.  H.   Fenkhausen.      (64)      Apr.   18. 
Methods  of  Guying   and   Anchoring  Telephone   Poles.*      (From    W.   £  M.   Telephone 

Wire  News.)      (86)      Apr.   19. 
Simple   Method    of    Making    Thermo-Electric    Measurements    of    High    Temperature.* 

J.   P.   Raymond.      (27)      Apr.    20. 
Losses  In   Single-Phase  Rotors.*      H.  Weichsel.      (27)      Serial  beginning  Apr.   20. 
Underground    Telephone    and    Telegraph    Cable    Between    Philadelphia    and    Wash- 
ington.*     (27)      Apr.   20. 
Diminutive    Central    Station    at    Lewis,    la.,    Gasoline-Electric    Equipment    Supplying 

Energy  to  a  Town  of  650  Inhabitants.*      J.  H.  Kuhns.      (27)      Apr.  20. 
The    Schcrbius    System    of    Speed    Regulation    for    Induction    Motors.*      J.    .1.    Elink 

Schn\irman.      (27)      Apr.   20. 
Electric  Winding  Plant   at   South  Kenrauir  Colliery.*      (22)      Apr.   21. 
Electrically-Driven    Reversing    Mills    at    the    Works    of    Messrs.    Alfred    Hickman.* 

(26)      Apr.   21  ;    (73)      Apr.   14. 

♦Illustrated. 
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Electrical-  (Continued). 

Prcseiit-Day    Methods   of   Protecting   Hlgh-Tenslon    Systems   by   Means   of   Automatic 

Switcligear.*       (7.?)      Apr.   21. 
High-Tension    Cables.*       Paul    Humann.       (Abstract    from    Elektrotechnische    Zcit- 

schrift.)       (73)      Apr.   21. 
Notes  on  D.   C.  Three-Wire  Faults  and  Their  Location.      Walter   E.  Rogers.      (26) 

Apr.    21. 
Wireless  Telegraphy  and  Airships.*      (19)      Apr.  22. 
Hydro-Electric    Development    in    Georgia — Plant    of    the    Central    Georgia    Power 

Company   at  Lloyd  Shoals,  Ga.*      (27)      Apr.  27. 
Excessive  Rates  Due  to  Holding  Company.      (27)        Apr.   27. 
Electric  Welding  and  the  Fusing  of  Metals.*     A.  S.  Hatch.      (27)      Apr.  27. 
Field   Construction   of   a    110  000- Volt   Transmission    Line.*       (13)      Apr.    27. 
Ornamental   Curb   Lighting  at   Hamilton,   Ontario.*      (27)      Apr.   27. 
School  and  Library  Lighting.      (27)      Apr.  27. 
Lighting    and    Electrical    Equipment    of    a    Central- Station    Office    Building.*      Ross 

B.   Matcer.      (27)      Apr.   27. 
The   Application   of   Hoyland's   Vector   Diagram   for   Testing   Induction    Motors.*      J. 

W.  Rogers      (10)      May. 
Public  Gain   from   Improved   Efficiency  of  Electric  Lighting.      William  II.   Blood,   Jr. 

(Paper  read  before  the  Mass.  Inst,  of  Tech.)      (60)      May. 
Excessive  Rates  for  Gas  and  Electric  Lighting  through  the  Operation  of  a  Holding 

Corporation.      (13)      May  4. 
Electrical   Equipment  of  a  Modern   English  Theater.*      J.  A.   Seager.      (27)      May  4. 
Sur  la  Conductivity  Electrique  des  Alliages.*      Witold   Broniewski.      (93)      Apr. 
Les    Propri§t§s   Di61ectriques   de    I'Huile.*       {33)      Apr.    22. 
Zur    Ktnntiiis   der    Funkcnspannung    bei    technischem    Wechselstrom.*      W.    Weicker. 

(48)      Apr.   8. 
Lichtmaste  In  Eisenbeton.*     Karl  Rossle.      (78)      Apr.  20. 

Marine. 

Taikoo  Dockyard,  Hong  Kong.*     Albert  Edwin  Griffin,  Assoc.  M.   Inst.   C.   E.      (63) 

Vol.   183. 
A  22  000-Ton  Floating  Dry   Dock  for   Brazil.*       (95)      Jan. 
Naval  Engineering  Progress.     H.   I.  Cone.      (Abstract  of  lecture  delivered  at  Naval 

War  College   at   Newport,   R.    I.)       (95)      Jan. 
A  Tank  Steamer  for  the  Molasses  Trade.*      (95)      Jan. 
Test  of  a  Mosher  Marine  Boiler.      (95)      Feb. 
The   Economical   Working  of  Reciprocating  Marine  Engines   and   Their  Auxiliaries.* 

D.   B.  Morrison.      (Paper  read  before  the  North-East  Coast  Inst,  of  Engrs.  and 

Shipbuilders.)       (95)      Serial   beginning  Feb. 
Modern   Methods  of  Coaling  Vessels.*      (95)      Feb. 
New  British  Battleship  Conqueror*      (95)      Feb. 
Torpedo   Boat  Destroyers  Perkins   and  Serrett.*      (95)      Feb. 
New  Dry-Dock  of  the  Toledo  Shipbuilding  Company.*      (95)      Feb. 
The  Mitsu-Bishi  Dockyard  and  Engine  Works.*    (95)      Mar. 
The    Works    of   Messrs.    Yarrow   &    Company,    Limited,    Scotstown,    Glasgow.*       (95) 

Mar. 
Forges  and  Chantiers  de  la  Mediterranee.     (95)     Mar. 
The   British   Battle  Cruiser  Lion.      (95)      Mar. 

Plant    of   the    Newport   News    Shipbuilding   and    Dry-Dock   Company.*       (95)      Mar. 
The    Shipbuilding    and    Engineering    Works    of    Messrs.    Gio.    Ansaldo-Armstrong    & 

Company.*      (95)      Mar. 
Two  Motor  Boats.*      (12)      Mar.   31. 
Some  Problems  Relating  to  the  Use  of  the  Internal   Combustion   Engine  for  Marine 

Propulsion.      P.    B.    Newell.       (Paper    read    before    the    North-East    Coast    Inst. 

of  Engrs.   and  Shipbuilders.)       (47)      Mar.  31;      (22)      Mar.   31. 
The   Aero    and   Motor-Boat   Exhibition    at   Olympia.*      (11)      Serial    Beginning    Mar. 

31  ;     (12)     Mar.   31. 
Random  Notes  on  a  Lake  Freighter.*      Casper  F.   Goodrich.      (95)      Apr. 
The    New    Steamship   Madison   of   the   Old    Dominion    Steamship    Company's    Fleet.* 

(95)      Apr. 
A  Flying  Motor  Boat.*     Frank  C.  Perkins.      (95)      Apr. 
Stability  of  Merchant  Vessels.*      (95)      Apr. 
Passenger  and  Freight   Steamship  Suwanee.*      (95)      Apr. 
Some  Recent  Mishaps  to  Vessels.*      (95)      Apr. 
Remarkable   Economy   of  an   Oil   Fuel   Installation.*       (95)      Apr. 
Car  Ferry — Ann  Arbor  No.  5.*      (95)      Apr. 
Diesel    Marine    Engines.*      Th.    Sainberlich.       (Abstract    of    paper    read    before    the 

Schitfbautechnischen    Gesellschaft.)       (12)       Serial    beginning    Apr.    7;       (13) 

Apr.    27. 
H.   M.   Battleship   Colossus.*    (11)      Apr.   7. 
Aki,  the  First  Japanese  Dreadnought.*      (46)      Apr.   8. 

*Illustrated. 
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Marine     (Continued). 

Large  Power  Fitting-Out  Cranes.*  Robert  Doyle.  (Paper  read  before  the  Inst, 
of  Engrs.   and   Shipbuilders   in   Scotland.)       (47)      Serial  beginning  Apr.   21. 

Steering  Gear  lOxperimouts  on  the  Turbine  Yacht  Albion.*  H.  S.  Hele-Shaw  and 
F.   Leigh  Martiiieau.      (12)      Apr.   21. 

Acceptance  Test  of  a  Babcock  &  Wilcox  Marine  Boiler  for  U.  S.  Navy :  Good 
Performance  at  High  Rate  of  Combustion.*  (From  Journal,  Am.  Soc.  of 
Naval  Engrs.)      (13)     Apr.  27. 

French  Auxiliary  Motor  Ships.*     J.  Peltier.      (95)      May. 

Clay-Cutting   Hydraulic   Dredger   for   the   River   Nile.*      (95)      May. 

Models  of  Vessels.*     Charles  B.  Brewer.      (10)      May. 

V.    S.    Suction    Dredge  Ncio  Orleans.*      (95)      May. 

The  Pitot  Tube  as  a  Marine  Speedometer  and  its  Development.*  Frank  B.  San- 
born,  M.  Am.   Soc.  C.   E.      (13)      May  4. 

Mechanical. 

Traction    and    Ploughing    Engines    in    the    United    States.*       (12)      Serial    beginning 

Mar.  31. 
The   Aero    and    Motor-Boat   Exhibition    at    Olympia.*       (11)       Serial    beginning   Mar. 

31;      (12)      Mar.   31;      (19)      Apr.   22. 
Practical    Considerations    in    Gear    Design    and    Construction.*      Ralph    E.    Flanders. 

(8)      Apr. 
Universal    Portland    Cement   Mills.       (67)       Apr. 

The   Chemistry   of   Raw   Sugar   Production.      Charles   A.    Browne.      (6)      Apr. 
Sugar  Refining.      W.   D.   Home.      (6)      Apr. 
An    Engineering   Solution   of   Freight-Handling   Problems.*      H.    McL.    Harding.    (9) 

Apr. 
Petrol   Air   Gas.*      E.   Scott-Snell.      (Paper   read   before   the   Soc.    of   Engrs.)       (21) 

Apr.  ;    (66)   Apr.   18. 
A   New   High-Speed   Boiler.      H.   C.   Hodson.      (94)      Apr. 

Surface   Combustion   and   its   Industrial   Applications.      W.   A.    Bone.      (66)      Apr.    4. 
Wheels,  Ancient  and  Modern,  and  Their  Manufacture.*     Henry  L.  Heathcote.      (29) 

Apr.    7. 
The   Application  of  a  Geared   Steam  Turbine   to  Rolling  Mill   Driving.*      A.   Quintin 

Carnegie.       (Paper    read    before    the    West    of    Scotland    Iron    and    Steel    Inst.) 

(22)    Apr.  7  ;     (12)      Apr.  7  ;      (47)      Apr.  14. 
The    Mechanical    Design    of    Induction    Motors.*       H.    L.    Smith,    A.    M.    Inst.    C.    E. 

(Paper  read  before  the  Rugby   Eng.   Soc.)       (47)      Serial   beginning   Apr.   7. 
Some   Automatic  Recording  and   Indicating  Instruments.*       (47)      Apr.   7. 
Gas    Producers.*      W.    A.    Tookey.       (Abstract    of    paper    read    before    the    Assoc,    of 

Engrs. -in-Charge.)       (47)      Serial   beginning  Apr.   7. 
The   Making   and   Casting   of   Aluminum-Bronze.       (From    The    Brass-World.)       (47) 

Apr.   7. 
A  Continuous  Cast-iron   Pipe  Foundry.*       (14)      Apr.   8. 

Pneumatic  Tube  Postal  Systems  in  Italy.      Jame.s  B.   Young.      (62)      Apr.   10. 
Calculating  the  Flow  of  Gas  in  Pipes.*     M.  Grebel.      (66)      Apr.  11. 
Gas  Engine  Waste  Heat  to  Turbine.*      Edwin  D.  Dreyfus.      (64)      Apr.   11. 
Friction  Clutches  and  Their  Use.*      H.  A.   Jahnke.      (64)      Apr.   11. 
A  Machine  for  Applying  the  Finishing  Coat  on  Concrete  Curb  and   Gutter.*      (86) 

Apr.    12. 
An    Air    Blast    Apparatus    for    Depositing    Concrete    and    Mortar    Mixtures.*       (86) 

Apr.   12. 
Dust-Collecting  Appliances   in  Cotton-Mills.*      (11)      Apr.   14. 

The    Hauriot    Monoplane,    The    Construction    of    a    Remarkable    French    Flying    Ma- 
chine.*     (19)      Apr.   15. 
Smoke  Abatement  by  Supervision  of  Plant  Construction.      (14)      Apr.   15. 
Power  Plant  for  Clay   Working  Industries.      Ellis  Lovejoy.      (76)      Apr.   15. 
The    Operation    of    the    Ammonia    Still.      A.    F.    Blossey.       (Paper    read    before    the 

111.    Gas   Assoc.)       (83)      Apr.    15. 
Syracuse  Generating  Station.     Ralph  E.  Hecker.      (Paper  read  before  the  Syracuse 

Section  N.   C.  G.  A.)      (83)      Apr.   15. 
The   Utility   of   the   Pyrometer   on    Carburetted   Water   Gas    Machines.*      Chester   S. 

Heath.      (Paper  read  before  the  111.  Gas  Assoc.)      (83)      Apr.  15. 
Modern    Types   of   Elevators.      F.    E.    Town.       (Abstract   of   paper   read    before    Pitts- 
burgh  Mfrs.   and  Contrs.   Club.)       (62)      Apr.   17. 
The  Steam  Turbine  in  Germany.*     F.  E.  Junge  and  B.  Heinrich.      (64)      Apr.   18. 
Profitable    Refinements    in    Contractors'    Compressed-Air    Plants.*      Frank    Richards, 

M.   Am.   Soc.   M.    E.      (13)      Apr.   20. 
Reducing  Motions  for  Steam   Engine  Indicators.*      James  A.   Seager,  Assoc.  M.   Inst. 

C.  E.      (13)      Apr.  20. 
The  Algoma  Steel  Company's  Coke  Plant.*     D.  M.  Grifl;ith.      (20)      Apr.  20. 
The    Desiccation    of    Blast    Furnace    Air    by    the    Use    of    Exhaust    Steam.*       (22) 

Apr.    21. 


♦Illustrated. 
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Mechanical     (Continued). 

Power  Plant  of  the  New  York  Central  Lines  at  West  Albany,  N.  Y.      (18)      Apr.  22. 
Boston   Consolidated   Mill.*      Claude  T.  Rice.      (16)      Serial   beginning  Apr.   22. 
The   De    Laval    Multi-Stagc   Geared   Turbine :    A    New   Reduction   Gear   to   Solve   the 

Direct-Drive   Problem.*       (62)      Apr.    24. 
The  Arrangement  of  Tar-Towers.*     G.   M.   Gill.      (66)      Apr.   25 
.\i)te.«:    on    Stopped    .-\.sconsion    Pipes.*       C.    D.    Cawthra.       (Paper    read    before    the 

Yorkshire  Junior  Gas  Assoc.)      (66)      Apr.  25. 
Mechanical    Handling    of    Materials.       Richard    Devens.       (Paper    read     before    the 

Congress  of  Technology.)       (20)      Apr.   27. 
Grinding  and   Screening  of  Clays.      (105)      May. 
Modern   Hoiraen  Coaling  Stations.*      Clyde  P.   Ross.      (45)      May. 

Gasoline  From  Natural  Gas:   A   New  Industry.      Frank  P.  Peterson.      (62)      May  1. 
Regenerative  Coke  Oven  With   Constant  Direction  of  Flame  in  the  Heating  Flues.* 

L.    C.   Flaccus.      (83)      May   1. 
Coal    Gas    and    Water    Gas.      P.    A.    Bertrand.       (Paper    read    before    the    Missouri 

Electric.   Gas,   Street  Railway   and  Water-Works  Assoc.)       (83)      May   1. 
Comparing  Steam  Turbine  Tests.*      A.   G.   Christie.      (64)      May  2. 
.V  Municipal  Gas  Power  Pumping  Plant.*     Thomas  E.   Butterfield.      (64)      May  2. 
Gas  and  Oil-Burning  Ice-Electric  Plant  at  Muskogee.*      (27)      May  4. 
Freight    Handling   Installations   for  Rivers   Subject   to   Great  Variations    in    Level.* 

G.  C.  Scherer.      (13)      May  4. 
Excessive  Rates  for  Gas  and  Electric  Lighting  through  the  Operation  of  a  Holding 

Corporation.      (13)      May  4. 
Advantages    of    Long-Stroke    Gasoline    Engines    for    Commercial    Vehicles.      Edward 

A.    Myers.       (Abstract    of    paper    read    before    the    Soc.    of    Automobile    Engrs.) 

(13)      May  4. 
Cast  Iron  Pipe  Molding.*     R.  Ardelt.      (20)      May  4. 
The  Davis  Cast  Steel  Car  Wheel.*      (20)      May  4;    (15)    May  5. 
Boiler    Economy    and    the    Application     of    Flue-Gas    Analysis.       M.     L.     Hibbard. 

(Abstract   of   paper   read   before   the    Southwestern    Electrical    and    Gas    Assoc.) 

(17)      May  6. 
Heat  from  Dust,  Utilization  of  Low  Grades  and  Waste  Fuels.*     Charles  L.  Wright. 

(46)      May  6. 
Pcrfectionnements  et  Utilisations  Nouvelles  des  Pompes  Centrifuges.*      L.   Bergeron. 

(37)      Mar. 
Enroulour    pour   Transmissions   par    Courroie   ou    par    Cable,    Systgme    H.    Guillou.* 

EugSne   Gr#sillon.       (34)      Apr. 
Moteur   a.    Explosion    a   P6troles    Lourds    D6marrant    a    Froid    au    P6trole    Lampant, 

Systfime  Bellem   et  Bregeras.*    (33)      Apr.   22. 
Die    Isollerung    des    Schalles    und    der    Erschiitterungen    in    technischen    Betrieben. 

E.  Hannach.      (52)      Mar.   15. 
Elektrlsche  Kohlenladekrane.*     Ch.  Ph.  Schafer.      (102)      Serial  beginning  Mar.  15. 
Der  Loffel  und  Greifbaggerbetrieb.*      (80)      Apr.   1. 
Das  Brikettieren  der  Eisenerze.     Gustav  Grondal.      (50)      Apr.  6. 
Forderung    von    Luft    in    Dampfkessel     beim     Speisen    mit    Injektoren.*       Fritz     L. 

Richter.      (48)      Serial   beginning   Apr.    8. 
Rauchgasanalyse  und  Kohlenverbrauch   an  Zementdrehrohrofen.      (80)      Apr.   8. 
Berechnung   der   Kurbelwelle    elnes    Vierzylinder-Automobil-Motors.*      Max    Ensslin. 

(53)      Serial   beginning  Apr.   14. 
Thermodynamische     Untersuchung     schnellaufender     Dieselmotoren.*     M.     Seiliger. 

(48)      Serial  beginning  Apr.   15. 
I'ntcrsuchungen    iiber    Arbeitsverluste    in    Kammwalzgeriisten.*     J.     Puppe.       (50) 

Serial  beginning  Apr.  20. 
Bctriebsergebnisse    von    Explosionsgasturbinen.*      Friedrich    Hansen.       (97)       Serial 

beginning  Apr.   20. 

Metallurgical. 

Some   Notes   on   the  Lead,   Tin,    Antimony   Alloys.*      W.   Campbell    and   F.    C.    Elder. 

(6)      Apr. 
Data  on  Basic  Copper  Converting.     Carr  B.  Neel.      (16)      Apr.  8. 
The    Electrical    Production    of    Steel    at   the    Works   of   the    Eicher-Huttenvcrems    Le 

Oallais    Metz    &    Co.,    at    Dommeldingen.       (Abstract    from    Electrotechnische 

Znitsrhrift.)       (73)      Apr.   14. 
The    Hiorth    Electric   Steel    Furnace.*      J.    W.    Richards.      (Abstract    of   paper    read 

before  Am.   Electrochemical    Soc.)       (73)      Apr.   21. 
Improving   the    Quality    of    Cast    Iron.      .T.    F.    P.    Lewis.       (Abstract    of   paper    read 

before  the  Glasgow  Technical   College  Scientific  Soc.)      (47)      Apr.   21. 
Blowing  In   Silver-Lead   Furnaces.*      L.   B.   Harrison.      (16)      Apr.    22. 
Die-Casting  Machines,   A   Study   of  the  Various   Types   Used.*      E.   F.    Lake.      (20) 

Apr.    27. 
The  Oxhydric  Process  for  Cutting  and  Welding  Metal.*      (13)      Apr.   27. 
Speisses   and  Their   Beneflciation.      C.   Guillemaln.      (16)      Apr.   29. 

*Illustrated. 
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Metallurgical-  (Continued). 

Xew  Ui^sistaiue  Furnace.*  F.  A.  J.  Fitz-Gcrald.  (Paper  read  before  the  Am. 
Kloitroihcmual    !>oc.)       (105)       May. 

Klcitric  Steel  Processes  as  Competitors  of  the  Bessemer  and  the  Open  Hearth.* 
Albert  E.  Greene.  (Paper  read  before  the  Am.  Electrochemical  Soc.)  (105) 
May. 

Developments   in  Cyanide  Practice.*      Percy  E.   Barbour.      (45)      May 

The  Dally  Electric  Furnace.*  Thaddeus  F.  Baily.  (Paper  read  before  the  Am. 
Electrochemical   Soc.)       (20)      May   4. 

Le  Four  Electrlque  des  Usines  Saint-Jacques  (de  Mont-lugon).  G.  Charpy. 
(93)      Apr. 

Untersuchungen  liber  Lagermetalle.*  E.  Heyn  und  O.  Bauer.  (50)  Serial  begin- 
ning  Mar.    30. 

Neue  amerikanische  Hochofenanlage.*     Oscar  Simmersbach.      (50)      Apr.  20. 

Military. 

Krupp    Balloon    Artillery.      F.    P.    Mann.       (13)       Apr.    13. 

French   Army   Signaling.       (44)      May. 

What  Measures  Should  Be  Adopted  for  Effective  Prevention  of  Unsanitary  Condi- 
tions in  the  Early  Stages  of  Volunteers'  Camps  in  Time  of  War.  Edward  B. 
Vedder  and  Percy   M.   Ashburn.      (44)      May. 

La  Construction  et  I'Essai  des  Torpilles  "Schneider"  la  Batterie  des  Maures,  dans 
la  Rade   d'Hyeres.*     A.   Le  Vergnier.      (33)      Apr.   8. 

Mining. 

Tlic   Yamagano   Gold-Mine,   Japan.*      Riyosaku   Godai,    Assoc.    M.    Inst.   C.    E.      (63) 

Vol.   183. 
Klectric  Winders  at   the  Powell   Duffryn   Company's   New   Pit.*      (22)      Mar.   31. 
Notes  on  Labor  and  Mining  Costs   in  the  South  African  Mines.     Robert  Peele.      (6) 

Apr. 
Some  Notes  on  Mining  in  Cuba.*      Benjamin  B.  Lawrence.      (6)      Apr. 
The   Application    of   Electricity   in    Mining   Industries.*      Rollin    W.    Hutchinson,    Jr. 

(9)      Apr. 
Petroleum   and  its  Sources.*      David  T.  Day.      (8)      Apr. 
I'^lectric   Winding   Engines   in   France.*       (22)      Apr.    7. 
Notes  on  Hydraulic  Sluicing.*      N.  A.  Loggin.      (16)      Apr.  8. 
El    Oro   Steel    Spud.*       (103)       Apr.    8. 

The  Homestake  Cyanide  Plants.*      Clarence  C.  Semple.      (16)      Apr.  8. 
Some   Principles   Governing   the   Blasting  of   Rocks.*      R.    B.    Brinsmade.      (Abstract 

from   the   Mining    Woi'ld.)       (86)      Apr.    12. 
New    Screening   Plant    at   Lostock    Lane    Colliery.*       (22)       Apr.    14. 
Milling  at   the  Florence-Goldfield.      Claude  T.   Rice.      (16)      Apr.    15. 
Brejcha  Method  of  Diamond  Drilling.*      Victor  Sangoy.      (Trans,   from    the   Bulletin 

de  la  Societe  de  I'lndustrie  Minerale.)       (16)      Apr.   15. 
The  Iron  Ranges  of  Minnesota.*      Edgar  K.  Soper.      (16)      Apr.  15. 
Re-Soiling     Dredged    Areas     in     Victoria.*       B.     H.     Goodenough.        (Abstract     from 

Australian    Min.    Standard.)       (103)       Apr.    15. 
The    Paracole    District.*       (103)       Apr.    15. 

Sampling   Ores  from   Cobalt   Mines.      F.   W.   Pugsley.      (16)      Apr.    15. 
Magnetized     Drill    Rods    as     the    Cause     of     Borehole     Deflections.       J.     S.     Curtis. 

(Abstract    from    Journal    of    the    South    African    Institute    of    Engineers.       (86) 

Apr.     19. 
Methods    of    Determining    the    Slope    and    Direction    of    Deep    Drill    Holes.*       (86) 

Apr.   19. 
Cost    of   Removing    the    Overburden    of    a    Clay    Pit    by    Hydraulic    Sluicing.      Paul 

Beer.       (Abstract    of    paper    read    before    the    National    Brick    Manufacturers' 

Assoc.)       (86)      Apr.   19. 
Turbine    Pumps    for    Collieries.*      R.    H.    Willis.       (Paper    read    before    the    Assoc. 

of  Min.   Elec.   Engrs.)      (22)      Apr.  21. 
A    Silesian    Rescue    Station.*       B.    C.    Gulladisen.       (Paper    read    before    North    of 

England  Inst,  of  Min.  and  Mech.  Engrs.)      (57)      Apr.  21. 
Coal-Winning  with    Hammer   Drills    at   the   Mont   Cenis   Colliery.*       (57)      Apr.    21. 
Microscopic    Examinations    of    Coal    Sections    and    their    Use    in     Determining    the 

Inflammable    Constituents    present    therein.       James    Lomax.       (From    abstract 

of  paper  read  before  Manchester  Geol.   and  Min.   Soc.)       (57)      Apr.   21. 
The    Development    of    Ore-Dressing    Systems.       Frank    E.    Shepard.        (Paper    read 

before  the  Mass.  Inst,  of  Tech.)      (103)      Apr.  22. 
Gold   Dredging  near  Ruby,   Montana.*      (16)      Apr.   22. 
Friction  of  Air  in  Mines.     F.  Ernest  Brackett.      (16)      Apr.   22. 
Ejecting   Sludge   from   Drill   Holes.*      E.    M.   Weston.      (16)      Apr.    22. 
Government   Coal   Mine   Experiment.*      George   S.   Rice.      (16)      Apr.   29. 
Tonopah-Belmont  Surface  Plant.*      Claude  T.  Rice.      (16)      Apr.  29. 
Gold  Quartz  Deposits  of  Porcupine,  Ontario.*     Reginald  E.  Here.      (103)      Apr.  29. 


•Illustrated. 


Mining  -(Continued). 

Kioiiomy   in    Drill    Steel,*      G.   E.    Wolcott.       (103)      Apr.    29. 

Liciuid-Fucl   Sui)i)ly,    Dovulopniciits   in   the  Oil   Fields   of   the   Western    United   States. 

Henry    Hale.       (10)       May. 
liailinK   Water  at  Coleman  Shaft.*      F.  Ernest  Braekett.      (45)      May. 
Dry    I'laeer    Mining    Maehine.-.*      E.    13.    Wilson.       (45)       May. 
The  South   Utah   Mine  and   Mill.*      Leroy   Palmer.      (45)      May. 
Conientiation    at   Calania,    Chile.      F.    A.    Sundt.      (45)      May. 
.Modern    Ore    Dressing    Practiee    in    Gilpin    County,    Colorado.*       H.    C.     Parmelee. 

(105)      May. 
Cold    Dredging  by  Eleetrieity.*      H.   W.  Rogers  and  C.   M.   Blivcii.      (95)      May. 
The  Hazleton  Plunger  Jig.*      (45)      May. 
Gasoline   Motor    Haulage.*      George    E.    Sylvester.       (45)       May. 

Miscellaneous. 

The  Chief  Engineer  as   Interpreter  and   Arbitrator.      Alex.    Simpson,   .Jr.      (2)      Apr. 

The  Public  and  the  Public  Service  Corporation.  John  M.  Eweu  and  A.  Dement. 
(4)      Apr. 

Comparison  of  the  Operating  Characteristics  of  Various  Illuminants.*  Isador 
Ladoff.      (27)      Apr.   20. 

Method  and  Cost  of  Operating  the  Weeks  Two- Line  Shovel  for  Drag  Line  Exca- 
vators.*     Glenville  A.  Collins.      (86)      Apr.  2(j. 

Die  Ausnutzung  unserer  Torfmoore  unter  Deriiclisichtiguug  der  Krafterzeugung, 
der  Gewinnung  der  Nebenei-zeugnisse  und  der  Beeinflussung  unseres  Volks- 
wohlstandes.*      Carl   Heinz.      (48)      Mar.    11. 

Municipal. 

The     London     County     Council     Holborn-to-Strand     Improvement,      and     Tramway- 
Subway.*      George  William  Humphreys,   M.   Inst.  C.   B.      (63)      Vol.   183. 
The    Functions    of    tlic    Landscape    Architect    in    Connection    with    the    Improvement 

of  a  City.*  Thomas  W.  Sears.  (2)  Apr. 
London  Traffic.  H.  R.  Wilson.  (13)  Apr.  13. 
Rock    Asphalte    for    Street    Purposes.      Edward    Walker.       (Paper    read    before    Inst. 

of  Mun.  Engrs.)       (104)      Apr.   14. 
Tarring   and   Gritting  of   Road    Surfaces.      William   Oxtoby,    M.    Inst.    C.    E.      (104) 

Apr.    14. 
Nine    Years'    Experience    with    Creosoted    Wood    Block    Pavement    in    Minneapolis.* 

R.  H.   Durham.      (86)      Apr.  19;     (14)     Apr.   8. 
Recommendations  for  Use  In  Chicago   Street  Paving  Specifications.      (13)      Apr.   20. 
Notes    on    Creosoted    Wood    Block    Pavement.      Paul    Evans    Green,    Assoc.    M.    Am. 

Soc.   C.  E.      (13)      Apr.  20. 
The    Warren    Patent   on    Bituminous    Macadam    Sustained   by   the    Court    of    Appeals 

of  the   Second   Circuit.      (13)      Apr.    20. 
A    Suggested    Road    Stone    Testing    Machine.*       Robert    J.    Kirwan.       (Paper    read 

before  the  Irish  Road  Congress.)      (104)      Apr.  21. 
Wheel    Loads    and    Tyre    Widths,    A    Summary    of   Regulations    in    Force    in    Typical 

Counties.      (  104)      Apr.    21. 
The    Road    Question    Viewed    Generally.       P.    C.    Cowan.       (Paper    read    before    the 

Irish  Road  Congress.)       (104)      Apr.   21. 
Specifications    for    Wood-Bloek    Paving.       S.    Whinery,    M.    Am.    Soc.    C.    E.       (13) 

Apr.   27. 
Highway   Work   in   Saskatchewan.*      F.   J.  Robinson.      (96)      Apr.   27. 
The   Bond  of  a  Road.      J.   S.   Robeson.      (60)      May. 

Railroads. 

Electrification   of   Chicago  Railways.*      C.   A.   Seley.       (61)      Mar. 

Achievements  in   Railroading.      A.   Stucki.      (58)      Mar. 

■1-6-2    Passenger    Locomotive    for    the    Buenos    Aires    and    Pacific    Railway.*       (11) 

Mar.   31. 
An    Italian   Three-Phase  Locomotive.*      (13)      Apr.    27;       (18)      Apr.    22. 
Accumulator  Locomotives  for  the  Zurich   Municipal   Abattoirs.*      H.   Studer.      (From 

Schivci:::cri8rhc    liauzcititnc/.)       (88)       Apr. 
Draft    Gear    Testing    Machine.*       (From    Proceedings    of    the    Master    Car    Builders' 

Assoc.)       (88)      Apr. 
Permanent  Way  of  New  Zealand  Railways.*      (21)      Apr. 
Mechanical   Tappet    Locking  on   Levers.*      J.   Moseloy.      (Paper   read   before   the  Ry. 

Signal   and   Telegraph   Eng.   Inst.)       (21)      Apr. 
Pullman    Cars:    South    Eastern    and    Chatham    Railway.*       (21)       Serial    beginning 

Apr. 
Saturated    Steam    Low-Pressure    Locomotives.*       (21)       Apr. 

4-6-2  Tank   Engine:    London,   Brighton   and   South   Coast  Railway.*      (21)      Apr. 
Some   Notes  on  the  Cleaning  of  Locomotives.      (21)      Apr. 
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Railroads     (Continued) . 

Notes   on    the    Electrification   of   the    Long    Island   Railroad.      J.    A.    McCrea.      (65) 

Apr. 
Locomotive  Smoke   in   Chicago.      Paul   P.   Bird.      (4)      Apr. 
An  Engineering  Solution  of  Freight-Handling  Problems.*      H.   McL.   Harding.      (9) 

Apr. 
British  Locomotives  In  1910 — Designs  and  Work.*     J.  F.  Cairns.      (88)      Apr. 
Atlantic  Tvpe  Class  E  6  Locomotive;   Pennsylvania  Railroad.*      (IS)      Apr.   7. 
The    Lvnchburg    Cut-Off    and    Rivermont    Tunnel    of    the    Southern    Railway.*      F. 

Lavis.   M.  Am.   Soc.  C.   E.    (14)      Apr.   8. 
Shallow  Against  Deep  Holes  in  Headings.     W.   L.   Saunders.      (14)      Apr.   8. 
The    Groat    Washout   on    the    San   Pedro,    Los   Angeles    &    Salt    Lake   R.    R.*       (18) 

Apr.    8. 
The   Air-brake   as  Related   to   Progressive  Locomotion.*      Walter   D.   Turner.      (19) 

Serial  beginning  Apr.   8. 
Bernese  Alps  Tunnel.      (62)      Apr.   10. 
New    Locomotive    Mechanical    Stoker    as    Used    on    Pennsylvania    Railroad.       (62) 

Apr.  10;     (13)    Apr.  13. 
Economical    Limits    for    Flange    Wear    on    Steel-Tired    and    Rolled-Steel    Wheels.* 

John    Sibbald.       (Abstract    of    paper    read    before    the    Ry.    Assoc,    of    State    of 

New  York.)      (96)      Apr.  13. 
A  Steep-Grade  Railway  in  Australia.*      (12)      Apr.  14. 

The  Burlington's  Entrance  Into  the  Southern  Illinois  Coal  Fields.*      (15)      Apr.  14. 
Mannheim    (Chicago)    Yard;   Chicago,  Milwaukee  &   St.   Paul.*      (15)      Apr.   14. 
Selection    of    Locomotives    for    a    Mountainous    Australian    Road.      C.    O.    Burge,    M. 

Inst.  C.  E.    (14)      Apr.  15. 
Construction   of  the   Copper   River  &   Northwestern  R.   R.*      (18)      Apr.    15. 
New    Installation    of    Automatic    Block    Signals    on    the    San    Francisco,    Oakland    & 

San  Jos6  Consolidated  Railway.*     J.  Q.  Brown.      (17)      Apr.   15. 
Steel   Postal   Cars  for  the  Pennsylvania  Lines  West  of  Pittsburg.*      (18)      Apr.   15. 
Mallet    Articulated     Locomotives    for    the    Mexican     International    R.     R.*        (18) 

Apr.   15. 
An    Automatic   Alternating-Current    Block-Signal    System    for    Steam    Railroads.      J. 

W.   Lee.   Jr.      (13)      Apr.   20. 
Flexible    Boilers    and    Other    Special    Features    of    Mallet    Articulated    Locomotives 

on  the  Atchison.  Topeka  and  Santa  Fe  Ry.*      (13)      Apr.  20. 
A    Special    Design    of  Retaining  Wall    for   the   C,    M.    &   St.   P.  Ry.*      J.   H.   Prior. 

(13)      Apr.  20;      (IS)      Apr.  7. 
Sewall's   Point  Terminal;   Virginian  Railway.*      (15)      Apr.   21. 
Judge   Sanborn   on   State   Interference   with   Interstate   Commerce    and   Valuation   of 

Railways.      (15)      Serial   beginning  Apr.   21. 
Re-Opening  a  Derelict  Railway.*      (12)      Apr.   21. 
The  First  Railway  in  the  Yemen.*      (12)      Apr.   2J. 
Rpb'iilding  the    Salt   Lake   Route.*       (IS)      Apr.    21. 
Mallet    Locomotives    for    the    Chicago,    Milwaukee    &    St.    Paul.*       (15)       Apr.    21; 

(18)      Apr.   29. 
Water    Softening    as    a    Means    of   Reducing    the    Expense    of    Locomotive    Repairs.* 

(18)      Apr.   22. 
Railroad  Clearance  and  Curvature  Car.*      (46)      Apr.   22. 
Armed   Cars   in   the   Mexican   Revolution.*       (46)      Apr.   22. 
Tests  of  Freight-Car  Truck  Resistance.      (14)      Apr.   22. 

High   Capacity   Car   for   Special   Shipments.    Bethlehem   Steel   Co.      (18)      Apr.    22. 
[illcctrification  of  the  Salt  Lake  &  Ogden  Railroad.*      (17)      Apr.   22. 
Valuation     of     Railroads.*        Charles     Hansel.        (Abstract     of     paper     read     before 

Southern   Commercial  Congress.)      (18)      Serial  beginning  Apr.   22. 
Plan    for    Elimination    of   West    Side    Surface    Tracks    in    New    York    City.*       (86) 

Apr.    26. 
A     Steam     Shovel     Record     on     the     Cumberland-Connellsville     Extension     of     the 
Western   Maryland  Railway  for  the  Month  of  March,   1911.*      B.   M.   Langhead. 
(86)      Apr.    26. 
Passenger  Terminals.*     V.  I.  Smart.      (96)      Apr.   27. 
Temiskaming  and   Northern   Ontario  Railway.      (96)      Apr.    27. 
A  New  Dump-Car  with   Inside   Journal   Bearings.*      (13)      Apr.    27. 
Report  on  Condition  of  Treated  Ties  on  Gulf.  Colorado  &  Santa  Fe.      (15)      Apr.  28. 
Motor    Dolly    for    Handling    Miscellaneous    Package    Freight.*      George    B.    Francis. 

(15)      Apr.  28. 
Locomotive   Building   during    1910;    Baldwin    Locomotive   Works.*       (15)      Apr.    28. 
Construction   of  the  North   Coast  R.   R.*      (18)      Serial  beginning  Apr.   29. 
Development    of    the    Auxiliary    Load    for    Railway    Power    Plants.       J.    C.    Young. 
(Abstract    from    paper    read    before    Iowa    Street    and    Interurban    Ry.    Assoc.) 
(17)      Apr.  29. 
Business   and   Office   Car  of  the  Michigan   United  Railways.*       (17)      Apr.    29. 
The    Development    of    Locomotive    Tubes    and    Thoir    Treatment.*       F.    N.    Speller. 
(Paper  read  before  the  Ry.  Club  of  Pittsburgh.)       (62)      May   1. 
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Railroads     (Continued^ 

The  Latest  "Largest  Locomotive  in  the  World."      (13)      May  4. 

The  Davis  Cast  Steel  Car  Wheel.*      (20)      May  4;     (15)     May  5. 

Oxy-Acetylene  Welding  for  Steel   Passenger  Cars.*      (IS)      May   5;     (96)      Apr.   27. 

Ktllciency     of     Public      Service     of     American      Railways.*        Julius      Kruttschnilt. 

(Abstract  of  paper  read  at  Harvard  University.)      (15)      May  5. 
Hridse  Ueplaccment  on  the  Boston  &  Albany.*      (15)      May  5. 
Harrington   Automatic  Train   Stop.*      (IS)      May  5. 
Progress    in   Locomotive   Design.      (19)      May   G. 
Investigation    and    Care   of   Heturn   Railway   Circuits.      G.    G.    Nelson.       (Abstract   of 

paper  read  before  the  Southwestern  Electrical  and  Gas  Assoc.)       (17)      May   G. 
The   .Ter.sev    City    Yards    and    Shops   of    the   Hudson    &    Manhattan    Railroad.*       (17) 

May   G. 
Single-Phase     Electrification     of    th(>    London,     Brighton     &    South     Coast     Railway.* 

(17)      May  G. 
Klectrification    of    the    Kiruna-Riksgriiusen    Line    of    the    Swedish    Railways.*       (17) 

May    G. 
L'lClectriflcation  des  Chemins  de  Per.*     de  Valbreuze.      (92)      Serial  beginning  Mar. 
LKxtraction    et    le    Concassage    M6canique    du    Ballast    en    Silex.*       H.    Bouchard. 

(38)      Apr. 
Los   Portes   Coulissantes   de   Wagons   et   de  Voitures.*      Oh.   Jacquin.      (33)      Serial 

beginning  Apr.    1. 
Les  Travaux  du  Chemin  de  Fer  des  Alpes   Bernoises  ;   Le  Percement   du   Tunnel   du 

Loetschberg.*      Ch.   Dantin.      (33)      Apr.   1. 
Locomotive   Electrique  a   Courant   Monophasg  de   la   Compagnie  du    Midi,    Coustruite 

par  la  Soci6t6  A.  E.  G.      (33)      Apr.   15. 
Etwas    liber    Tunnelbau    mit    Schild    und    Pressluft  :    Versuche    mit    Ausmauerung    in 

Beton.*      M.  Hallinger  und  S.  Fagerberg.      (51)      Sup.  No.   7. 
licricht    des    Unterausschusses    des    Ausschusscs    fiir    techni.sche    Angelegenheiten    fur 

das    Studium    der   Frage   betreffond    die    Beseitigung   der    Schiidlichen    Elnfliisse 

des     Schienenstosses     (Verein     deutscher     Eisenbahn-Verwaltungen).*        (102) 

Mar.    15. 
Wasserschlag   in    Lokomotivdampfzylindern.      M.    Osthoff.       (102)       Serial    beginning 

Mar.    15. 
Bauart    von    Drehgestellen    zur    Erzielung    ruhiger    Gangart    von    Luxuswagen.*      H. 

Schiller.       (102)      Apr.    1. 
Xeuerungcn   iiu  Banc  von  Weichen.*      Schmitt.      (102)      Apr.  15. 
Einwellen-Wechselstrom-Bahnen.        Ausfuhrungen     der     Siemens-Schuckert-Werke.* 

(102)      Apr.   15. 
Einstellbares    Hlnter-Drehgestell    fiir    lange    Lokomotiven.*      R.    Grimshaw.       (102) 

Apr.  15. 
Der  Durchschlag  des   Lotschbergtunnels.*      Imhof.      (53)      Apr.   21. 

Railroads,  Street. 

The     London     County     Council     Holborn-to-Strand     Improvement,     and     Tramway- 
Subway.*      George  William  Humphreys,   M.   Inst.   C.   E.      (63)      Vol.   183. 
The   Applicability   and    Comparative   Cost   of    Concrete   and   Reinforced    Concrete    for 

Subway  Construction.      Charles  M.   Mills.      (67)      Apr. 
The  West  Side  Freight  Traffic  Problem  in  New  York  City.     (13)      Apr.  13. 
Sinking   the   Tubes    for    the   River    Section    of   the    La    Salle    St.    Tunnel    Across   the 

Chicago  River.      (13)      Apr.   13;     (14)     Apr.    15. 
Office    Building    and    Carhouse    of    the    Denver    City    Tramway    Company.*       .John 

Evans.      (17)      Apr.   15. 
The  Transportation    Problem   of   Greater   Cleveland.      A.    B.   Du   Pont.      (Paper    read 

before    Cleveland   Eng.    Soc.)       (96)      Apr.    20. 
The  "Dolter"  Surface  Contact  System  of  Tramways  in  Torquay.     Henry  A.  Garrett, 

Assoc.    M.    Inst.    C.    E.       (Paper    read    before    Inst,    of    Municipal    and    County 

Engrs.)       (96)      Apr.  20. 
Sand-Drying     Plant     of     The     Metropolitan     Street     Railway,     New     York.*        (17) 

Apr.   29. 
Trackless  Trolley  Transit.     C.  O.  Burge,  M.  Inst.  C.   E.      (14)      Apr.  29. 
Le    Metropolitain    de    Paris,    Construction    de    la    Partie    de    la    Ligne    No.    7    Situee 

dans     les     Anciennes     CarriSres     des     Buttes-Chaumont.*        L.     Suquet.        (33) 

Apr.    22. 

Sanitation. 

The    Storm-Water   Drainage   of   Pretoria.*      Hugh   Daniel    Badcock,    M.    Inst.    C.    E. 

(63)      Vol.   183. 
Locomotive   Smoke   in   Chicago.      Paul  P.   Bird.      (4)    Apr. 
The  Beginnings  of  Sanitary   Science  and  the  Development  of   Sewerage  and  Sewage 

Disposal.      William   Easby.      (2)      Apr. 
Notes    on     European     Works    for    Water-Supplies,     Sewage     Disposal     and     Refuse 

Destruction.*      Rudolph   Hering.       (2)       Apr. 

•Illustrated. 
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Sanitation     (Continued). 

Sewage  Puriflcatlon  Works  of  the  City  of  Philadelphia — Pennypack  Creek  Section.* 
George    S.    Webster.       (2)      Apr.;      (86)     Apr.    19;      (13)     Apr.    27. 

The   Municipal   Garbage  Reduction   Plant   at   Columbus,   Ohio.*      (60)      Apr. 

The  Maximum  Flow  of  Storm  Water  in  Sewers.  P.  II.  McCarthy.  (Paper  read 
before  the  Inst,   of  C.   E.  of  Ireland.)       (96)      Apr.   6. 

The  Thirty-eighth   Street   Sewer,   Minneapolis.*       (14)      Apr.   8. 

Sewage  Disposal  for  the  Private  Mouse.*      (101)      Apr.   8. 

Sewer  Construction  at  Regina,  Saskatchewan.  Canada.*  W.  R.  Harris.  (Paper 
read  before  the  Am.  Soc.  of  Eng.  Contractors.)       (96)      Apr.   13. 

DilBcult  Reconstruction  of  a  Large  Sewer  in  Washington.*  Asa  E.  Phillips. 
(14)      Apr.  15. 

Results  of  the  Electrolytic  Process  of  Sewage  Purification  at  Santa  Monica,  Cali- 
fornia.     (86)      Apr.    19. 

Sewage  Disposal  with  Respect  to  Ol'fensive  Odors.*  George  W.  Fuller.  (Abstract 
of  paper  read  before  the  Mass.  Inst,  of  Tech.)  (14)  Apr.  15;  (13)  Apr.  20; 
(60)     May. 

Profitable  and  Fruitless  Lines  of  Endeavor  in  Public  Health  Work.  Edwin  O. 
Jordan.      (14)      Apr.  22. 

\   Portable   Emergency   Hypochlorite   Plant.*      (14)      Apr.    22. 

Operation  of  the  Reading  Sewage  Disposal   Plant.      (14)      Apr.   22. 

The  320  000-Acre  Mud  River  Drainage  Project  in  Minnesota.*  W.  R.  Hoag. 
(86)      Apr.    26. 

The  Ditch  System  for  a  23  000-Acre  Drainage  Project  in  Illinois.*  W.  W.  Stokes. 
(86)      Apr.  26. 

\n  Epidemic  of  Typhoid  Fever  at  Lexington,  Va.,  Evidently  caused  by  Leaks  from 
Sewer  to  Water  Mains.*     A.  W.  Freeman  and  Richard  Messer.      (13)     Apr.  27. 

Stack  Erected  at  University  of  Illinois  to  Test  Siphonage  of  Traps.*  (101) 
Apr.    29. 

Condition  of  Air  in  Factories.  C.  E.  A.  Winslow.  (Paper  read  before  the  Mass. 
Inst.  Tech.)      (101)      Apr.  29. 

Reclamation  of  the  Southern  Louisiana  Wet  Prairie  Lands.*  A.  D.  Morehouse. 
(19)      Serial  beginning  Apr.  29  ;      (86)      Apr.  12. 

The  Squaw  Creek  Improvement  at  Lawton,  Okla.*     Z.  M.  Scifres.      (60)      May. 

A  Series  of  Tests  to  Determine  the  Influence  Which  the  Distance  of  a  Plumbing 
Trap    from    its   Vent    Connection    Exerts   on    its    Seal.*       (70)      May. 

Fuel  Tests  With  House-Heating  Boilers.*  Frank  L.  Busey.  (70)  Serial  begin- 
ning   May. 

What  Measures  Should  Be  Adopted  For  Effective  Prevention  of  Unsanitary  Con- 
ditions In  The  Early  Stages  Of  Volunteer  Camps  In  Time  of  War?  Edward 
B.    Vedder   and   Percy   M.   Ashburn.       (44)       May. 

Electrolytic  Purification  of  Both  Water  and  Sewage  at  Oklahoma  City*  (27) 
May  4. 

Structural. 

Portland  Cement  and  the  Question  of  its  Aeration.*     Henry  Kelway  Gwyer  Bamber, 

.•\ssoc.    Inst.    C.    E.       (63)      Vol.    183. 
Fire    Proof   Construction.      Emile   G.    Perrott.      (58)      Mar. 
The   Elastica.*      W.    E.    Lilly.      (11)      Mar.   31. 
Sand-Lime  Products.*     E.  Leduc  and  Ch.  de  la  Roche.      (Translated  from  Le  Silico- 

Calcaire.)      (67)      Apr. 
Industrial   Uses  of  Reinforced  Concrete   Construction — Practical  Remedies   for   Past 

Objections  to   Its  Use.*     J.  P.  H.  Perry.      (9)      Apr. 
Steel    Chimneys.*      K.    Trowbridge.       (26)      Apr.    7. 
Hip  Skylights  With  Different  Pitches.*      (101)      Apr.   8. 
The   Design   of  Reinforced   Concrete   Chimneys.*      E.    Parry,    A.    M.    I.    C.    E.      (14) 

Apr.   8. 
Building    in    Martinique,    Materials    Required    in    Earthquake    Zone.       Thomas    R. 

Wallace.       (62)       Apr.    10. 
The     Fire     riiderwrjters'     Keport    on     the    Asch     Building     Fire.*        (13)        Apr.     1.?; 

(14)      Apr.  15. 
The    Durability    of   Welded    Steel    Pipe.      F.    N.    Speller.       (Paper    read    before    the 

Am.  Soc.  of  Heating  and  Ventilating  Engrs.)      (96)     Apr.  13;    (101)     Apr.  22; 

(47)      Apr.   21. 
Cement   Concrete   in   Highway   Construction.      W.    A.    McLean.      (Paper    read   before 

the  Canadian  Cement  and  Concrete  Assoc.)      (96)      Apr.  13. 
The    Equipment    of    Colliery    Workshops.      L.    C.    Perkin.       (Paper    read    before    the 

Midland  Inst,  of  Min.,  Civil,  and  Mech.  Engrs.)     (57)    Apr.  13;     (22)     Apr.  14. 
Concrete.      Algernon   Del   Mar.      (103)      Apr.    15. 

Self-supporting  Marble  Stairs,  New  York   Public  Library.*      (14)      Apr.  15. 
A  Reinforced-Concrete  Ash   Bunker.*       (14)      Apr.    15.  ^    ^  . 

The    Collapsing    Pressure    of    Circular    Tubes.      W.    E.    Lilly.       (Paper    read    before 

the  Irish  Inst,  of  Civ.  Engrs.)      (96)      Apr.  20. 


*Illustrated. 
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Structural     iCuntinuedi. 

FouiidatiDiis  of  South   Cliuago   Plant,    Iroquois   Iron   Company.*      (14)      Apr.   22. 

Concrcto    Details    in    a    Hotel    Building.*       (14)      Apr.    22. 

A  Timber  Floor  Construction   for  lieinl^orced-Couerete  Factory   Buildings.*      Francis 

W.    Wilson.      (13)       Apr.    27. 
Reinforced    Concrete   Tower    for    Marine    Leg.*       (14)      Apr.    29. 
Floors  and  Roof  of  the  Bankers  Tru.st  Building.*      (14)      Apr.  29. 
Methods   for   Testing  Coal   Tar  and   Refined  Tars,   Oils,   and   Pitches   Derived   There- 
from.*     S.   R.    Chuuli.       (From   Journal   of   Industrial   and  Engineering    Chem- 
istry.)     (60)      May. 
Utilizing   Zinc   Tailings.*      Lucius    T^.    Wittich.       (45)      May. 
Te.sts   of   Nickel  Ste.  1    Details   for     ne   Board   of   Engineers,    Queber;    Bridge.*       (13) 

May    4. 
Solid  Ceilings  isei  veen  Iron  Girders.*     Robert  Grimshaw.      (19)      May  G. 
A  Gravity  Service  for  Handling  Bricks.*      Frank  C.   Perkins.      (19)      May   6. 
Inftuence  de  la  finesse  de  Mouturc  sur  la  Resistance  du  Ciment.*      (84)      Mar. 
Applications    de    Quclques    Metliodes    d'Kssai    Modernes    aux    Alliages    de    Cuivre.* 

Lonis    Revillon.       (92)     Mar. 
tlewiilbte  Halleniiberdeckung  im  Krematorium  Dresden-Tolkewitz.*     A.  Sutter.     (51) 

Serial   beginning  Sup.   No.   7. 
Versuchc    iiber    den    Einfluss    des    Undichtigkeitsgrades    des    Steinmaterials    auf    die 

l<:rliartung  von   Kalkniortcl.      H.   Burchartz.      (80)      Feb.   24. 
Die    Isolierung    des    Schalles    und    der    Erschiitterungen    in    technischen    Betriebcn. 

E.   Mannach.      (52)      Mar.    15. 
Zur     direkten     Bestiinniung     der     Amiaturen     im     doppeltarmierten      Rechteckquer- 

rchnitt.*      Guslav    Lichtenstoin.       (53)       Mar.    ?A. 
Der    Wiener    Zentralfriedhof    und    der    Bau    der     Begriibniskirche.*       Josef    Piirzi. 

(53)       Mar.    31. 
Eiscnbetonarbeiten    in    der    evangelischen    Kirche    in    Bad    Steben     (Bayern).*       M. 

Matecscu.      (78)      Apr.   1. 
Erfahrungen    iiber    die    Herstellung    akustisch    einwandfreier    Decken-    und    Mauer- 

konstruktionen.*       (78)       Serial    beginning   Apr.    1. 
Cnnvehrung,    1  GOO    m.    lang,    in     '/4    Stein    starker    Steineisenkonstruktion    "System 

Lehman,    D.    R.    P.    204  420"    fiir    die    Gewerkschaft    "Christoph    I'^ricdrich  '    zu 

I  iitzrnd-irf  bei    Mcrstburg.*      C.    A.    Einbeck.      (78)      Apr.    1. 
Der    allseitig    geschlossene    Ilohlziegcl.*       (80)       Apr.    4. 
.\nfordcrungen   an   Krankenhausbauten,    in  arztlicher,   bezw.   hygienischer   Beziehung. 
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Das  Rohr-  und  Strohdaeh  fiir  landliche  Gebaude.      Priedrich  Wagner.      (51)      Serial 
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Die  Versuche  Witheys  mit  exzentrisch  belasteten   Saulen.      Max,  Ritter  von    Thullie. 
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Amerikanische    Fundierungen.*      O.    Pfeiffer.      (80)      Apr.    22. 
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The    Micrometer    Alidade    and    its    Uses.*      R.    H.    Sargent.       (13)       Apr.    20;      (14) 
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The   Alaska   Boundary   Survey.*      D.    W.    Eaton.      (13)      Apr.    27. 

Water  Supply. 

Efliciency  Tests  of  a  Hydro-Electric  Plant,  with  Observations  Upon  the  Water- 
Powcr   of   Tasmania.*      William   Corin,   M.   Inst.   C.   E.      (63)      Vol.    183. 

Electricity  Applied  to  a  Modern  Tunnelling  Work.  (Water-Supply.)  Harry  Edward 
Yerbury,    M.   Inst.   C.    E.      (63)      Vol.    183. 

Turbine   Pumping   Units    in    the   Indianapolis   Water   W^orks.*       (60)      Apr. 

Hydro-Electric  Practice.  H.  A.  von  Schon,  M.  Am.  Soc.  C.  E.  (60)  Serial  begin- 
ning  Apr.  ;       (19)      Apr. 

The  Design  of  Reservoir  Dams.*  F.  C.  Vren.  (Paper  read  before  the  Inst. 
C.   E.   of   Ireland.)       (96)      Apr.    G. 

The  Administrative  Aspect  of  Water  Conservancy.  William  Ralph  Baldwin  Wise- 
man.     (Paper   read   before   the   Soc.    of   Engrs.)       (104)      Apr.    7. 

Responsibility   for   Death   Caused   by   Polluted   Water.      (14)      Apr.    8. 

Hypochlorite  for  Destroying  Growths  of  Algaj  and  Diatoms.  .Joseph  W.  Ellms. 
(14)       Apr.    8. 

Wooden   Insulation  Joints  for  Water  Mains.*     James  A.  McKenna.      (14)      Apr.  8. 

The  Goat  Rock  Dam  of  the  Columbus  Power  Company.*      (14)      Apr.  8. 

Grouting   the   Olive    Bridge    Dam.*       (14)      Apr.    8. 

A  Masonry  Faced  Earth  Dam  Having  Unusual  Features;  Bishop's  Creek  Irrigation 
System,    Nevada.*      (86)      Apr.    12. 

*Hlustrated. 
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Method  of  Using  Corrugated  Iron  Culvert  Pipe  for  a  Water  Supply  Intake.*      (86) 

Apr.    12. 
Ttie    Existing    and    Projected    Canal    System    of   the    Salt    River    Irrigation    Project, 

Arizona.*      (86)      Apr.   12. 
Weirs  on   Porous   Foundations   and  with  Pervious  Floors.*      W.   G.    Bligh,   M.    Inst. 

C.    E.      (13)      Apr.    13. 
Progress  on  the  Ashol<an  Reservoir,  New  York  Water  Supply.*      (14)      Apr.  15. 
Operating   Difficulties   in   the   Hypochlorite   Treatment.      (14)      Apr.    15. 
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Apr.   20. 
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Apr.    22. 
Method  of  Repairing  and  Refacing  Concrete  Slope  Paving  on  an  Irrigation  Reservoir 

Dam,  Riverside,   Colo.*      George  T.  Prince.      (86)      Apr.   26. 
Hydro-Electric    Deveipoment    in    Georgia — Plant    of    the    Central     Georgia    Power 

Company  at  Lloyd   Shoals,  Ga.*      (27)      Apr.   27. 
Repairing  the  Earth  Dam  of  the  Julesburg  Reservoir.*      (14)      Apr.  29. 
Cost  of   Steam   and   Hydroelectric   Power   in   Iowa.      (14)      Apr.    29. 
The   Adameilo   Hydroelectric   Development.*      (14)      Apr.    29. 
Effect  of  Bleaching  Powder  upon  Bacterial  Life  in  Water.     Joseph  W.  Ellms.      (14) 

Apr.   29. 
The   Portales   Irrigation   Project.*      R.   P.   Woods.      (Abstract   of  paper   read   before 

the  Indiana  Eng.  Soc.)      (14)     Apr.  29. 
Shortened   Standpipe  Solved  Water  Hammer  Troubles.      (27)      May   4. 
Hydroelectric  Development   in   Canada.*      (27)      May  4. 
Construction    of    the    Maiden    Creek    Slow    Sand    Water    Filters    for    Reading,    Pa.* 

(13)      May    4. 
Operating    Cost    and    Qualitative    Results    of    Slow    Sand    and    Mechanical    Filters, 

Baltimore   County,    Md.*      S.   T.   Powell.      (13)       May   4. 
Note  sur  les  Compteurs  d'Eau.*     G.  Daries.      (37)      Serial  beginning  Mar. 
Recherches    Relatives   H    la    Sterilisation    de    I'Eau    par    les    Bougies    Filtrantes.      F. 

Marchais.      (33)      Apr.   8. 
Mesure    du    D6bit    des    Cours    d'Eau    par    les    Methodes    Chimiques.*      E.    Lemaire. 

(33)      Apr.    15. 
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Waterways. 

Harbour  Improvement  on  the  Pacific  Coast  of  the  United  States.*     William  Wright 

Harts,    Assoc.   Inst.   C.   E.      (63)      Vol.    183. 
Breakwaters  on  the  West  Coast  of  Jutland.*     C.  Van  Langeudouck.     (19)     Apr.  8. 
A  Light  Timber  Bulkhead.*      Dewitt  C.  Webb,  M.  Am.  Soc.  C.  E.      (13)      Apr.  13. 
Ferro-Concrete    Pier    Construction.      C.    Percy    Taylor.       (Abstract    of    paper    read 

before  the  Concrete  Inst.)      (104)     Apr.  14. 
Siphon   Spillways    in   Europe.*      Adolf   Ludin.      (13)      Apr.    20. 
The  Port   of   Montreal.*      (12)      Serial   beginning  Apr.    21. 
Variability    of    Run-Off    of    Minnesota    Streams    during    the    Low-Water    Season    of 

1910.      Robert   Follansbee,   Assoc.   M.    Am.    Soc.    C.   E.       (13)      May   4. 
La  Nouvelle  Jetee  en  Beton  arme  du  Port  Alexandrie.*      (84)      Mar. 
Caissons    Etablissant    eux-memes    leur    Plateforme,     Systfime    Hennebique.*       (84) 

Mar. 
Revetement    des    Talus    de    Divers    Canaux    des    Pays-Bas ;    Application    aux    Canaux 

de  la  Campine.*     J.  Descans  et  E.  Marote.     (30)     Apr. 
Die    Neue    Hafenanlage    von    Constanza    am    Schwarzen    Meer.*      Fr.    Bock.       (51) 

Mar.   31. 
Saugiiberfalle   eine   neue   Art   von    Entlastungsanlagen    fiir   Kanale.*      Adolf    Ludin. 

(51)      Apr.  5. 


*  Illustrated. 
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Introduction. 

The  location,  general  purpose,  preparation  of  site,  train  schedules, 
trackage  details,  method  of  operation,  and  service  work,  have  been 
described  in  other  papers;  this  paper  is  confined  to  a  description  of 
the  physical  construction  work  of  bridging  over  the  approaches,  bridg- 
ing for  the  surrounding  streets,  foundations,  substructures  for  various 
services,  and  the  steel  design  for  the  Station  Building. 

The  work  herein  described  was  placed  under  construction  through 
the  following  primary  contracts : 

First. — A  contract  with  the  "American  Bridge  Company,  of  New 
York,"  dated  June  1st,  1905,  for  the  manufacture  and  delivery  of  the 
steel  for  street  bridging,  for  the  entire  terminal,  comprising  about 
eight  acres.  The  work  under  this  contract  was  started  in  June,  and 
the  first  deliveries  were  made  in  August,  1905.  The  major  portion 
was  delivered  by  January  31st,  190Y,  and  all  deliveries  were  completed 

Note. — These  papers  are  issued  before  the  date  set  for  presentation  and  discus- 
sion. Correspondence  is  invited  from  those  who  cannot  be  present  at  the  meeting, 
and  may  be  sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or  written,  will 
be  published  in  a  subsequent  number  of  Proceedings,  and,  when  finally  closed,  the 
papers,  with  discussion  in  full,  will  be  published  in   Transactions. 
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by  April  30th,  1909.     The  work  fabricated  and  delivered  under  this 
contract  amounted  to  about  23  500  tons. 

Second. — A  contract  with  the  "New  York  Contracting  Company- 
Pennsylvania  Terminal,"  dated  June  21st,  1905,  for  the  "Easterly 
Portion,"  embracing  all  excavation,  masonry,  and  steel  construction 
from  the  west  line  of  Seventh  Avenue,  eastward  to  the  normal  tunnel 
sections  in  32d  and  33d  Streets,  covering  about  290  ft.  of  line  in 
32d  Street  and  about  500  ft.  in  33d  Street.  The  work  was  started 
on  June  13th,  1906,  and  was  practically  completed  in  July,  1909. 
The  amount  of  work  done  on  the  more  important  items  was  sub- 
stantially as  follows: 

Excavation,    earth 39  000  cu.  yd. 

Excavation,    rock 133  794  cu.  yd. 

Concrete    28  930  cu.  yd. 

Water-proofing    17  500  sq.  yd. 

Back-filling,    earth 58  850  cu.  yd. 

Duct    work 47  676  duct  ft. 

Drainage   2  557  lin.  ft. 

Steel    erected 8  944.8  tons. 

Third. — A  contract  with  the  "New  York  Contracting  Company- 
Pennsylvania  Terminal,"  dated  June  21st,  1905,  for  the  construction 
of  the  viaducts  west  of  Seventh  Avenue,  embracing  all  excavation, 
masonry',  steel  erection,  and  street-surfacing  construction,  for  the 
viaducts  for  Eighth  and  Ninth  Avenues,  and  31st  and  33d  Streets. 
The  work  was  started  on  October  19th,  1905,  and  was  practically 
completed  in  January,  1910.  The  amount  of  work  done  on  the  more 
important  items  was  substantially  as  follows : 

Excavation,  earth 2  300  cu.  yd. 

Excavation,    rock 8  900  cu.  yd. 

Concrete    34  000  cu.  yd. 

Water-proofing    30  500  sq.  yd. 

Back-filling,    earth 67  000  cu.  yd. 

Steel    erected 14  400  tons. 

Fourth. — ^A  contract  witli  the  "New  York  Contracting  Com- 
pany-Pennsylvania Terminal,"  dated  'May  9th,  1906,  for  the  sub- 
structures, embracing  the  excavation  for  and  construction  of  all  sub- 
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structures  below  track  grade,  such  as  foundations  for  the  Passenger 
Station  Building,  pipe  tunnels,  baggage-trucking  tunnels,  electric 
ducts,  drainage  system,  elevator  pits,  etc.,  etc.  The  work  was  started 
on  June  1st,  1906,  and  was  practically  completed  in  January,  1910. 
The  amount  of  work  done  on  the  more  important  items  was  sub- 
stantially as  follows: 

Excavation,  earth 8  300  cu.  yd. 

Excavation,  rock 113  400  cu.  yd. 

Back-fill,    earth 36  600  cu.  yd. 

Concrete    46  000  cu.  yd. 

Water-proofing    58  700  sq.   yd. 

Duct    work ;548  000  duct  ft. 

Drainage    33  700  lin.  ft. 

Fiftli. — A  contract  with  "Milliken  Brothers,  Incorporated,"  dated 
Januaiy  9th,  1906,  for  the  manufacture  and  delivery  of  steel  for  the 
Passenger  Station  Building.  The  work  was  started  immediately,  and 
the  first  deliveries  were  made  in  May,  1907. 

The  contractors  went  into  the  hands  of  receivers  in  June,  1907, 
after  delivering  about  500  tons  of  nuiterial.  By  agreements  with  the 
receivers,  dated  September  6th  and  September  30th,  1907,  this  firm 
completed  and  delivered  about  1  850  tons  of  additional  material  by 
November,  1907.  The  remaining  steel  for  this  building  was  furnished 
by  other  contractors. 

Sixth. — A  contract  with  "Milliken  Brothers,  Incorporated,"  dated 
January  9th,  1906,  for  the  manufacture  and  delivery  of  steel  for  the 
Terminal  Service  Building.  The  work  was  started  immediately,  and 
the  first  deliveries  were  made  in  October,  1906.  All  deliveries  were 
completed  in  April,  1907.  The  amount  fabricated  and  delivered  was 
about  2  437  tons. 

Seventh.- — A  contract  with  the  "American  Bridge  Company,  of 
New  York,"  dated  July  17th,  1907,  for  the  manufacture  and  delivery  of 
steel  for  the  Passenger  Station  Building,  not  furnished  by  Milliken 
Brothers  or  Receivers  of  Milliken  Brothers.  The  work  was  started  in 
September,  1907,  and  all  deliveries  were  completed  in  March,  1909. 
The  amount  of  woi-k  fabricated  and  delivered  was  about  24  662  tons. 
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An  imiiorhiiit  division  of  tlio  terminal  work  was  designated  the 
"Kasterly  Portion."  It  embraced  all  the  work  of  excavation,  masonry, 
and  bridging  east  of  the  west  line  of  Seventh  Avenue,  and  extending 
eastward  nnder  32d  and  33d  Streets  to  the  normal  tunnel  sections,  cov- 
ering an  area  of  1.88  acres,  of  which  0.51  acre  is  under  private  prop- 
erty and  the  remainder  under  public  highways. 

The  franchise  required  that  the  tops  of  the  finished  structures 
should  be  19  ft.  below  the  surface  of  the  streets  and  avenue.  As  this 
requirement  was  obviously  made  to  provide  space  for  a  future  rapid 
transit  subway  in  Seventh  Avenue,  consideration  was  first  given  to 
the  feasibility  of  effecting  an  arrangement  with  the  city  for  the  joint 
construction  of  the  railroad's  structure  and  a  section  of  rapid  transit 
subway   in    Seventh   Avenue  supported   thereon. 

Such  an  arrangement,  however,  could  not  be  effected  in  any  rea- 
sonable manner,  owing  to  the  impracticability  at  that  time  of  deter- 
mining future  subway  requirements,  and  therefore  it  was  determined 
to  restore  the  highways  by  back-filling  over  the  railroad's  structures. 
The  portions  of  the  latter  under  public  thoroughfares  were  designed 
to  support  the  load  due  to  this  heavy  fill  in  addition  to  a  uniform  live 
load  of  300  lb.  per  sq.  ft.,  this  total  superimposed  load  aggregating 
about  3  500  lb.  per  sq.  ft. 

Owing  to  the  great  value  of  the  private  property  affected,  it  was 
determined  to  design  the  structures  beneath  the  private  premises  to 
sustain  a  superimposed  load  of  5  tons  per  sq.  ft.  The  profile  of  the 
railroad  line  established  the  top  of  rail  at  about  49  ft.  below  the  street 
level,  and  an  \inder-clearance  of  16  ft.  2  in.  above  the  top  of  rail  was 
also  determined.  Borings  at  the  site  disclosed  the  fact  that  rock  under- 
laid the  siirface  at  an  average  depth  of  about  13  ft.  A  steel-roofed 
tunnel  with  masonry  abutment  walls  and  intermediate  steel  bents  was 
adopted,  and  it  was  determined  to  set  the  steel  roof  girders  parallel 
with  the  axis  of  Seventh  Avenue  in  order  to  facilitate  construction 
and  provide  properly  for  the  maintenance  of  the  avenue  traffic. 

Bents  were  introduced  between  tracks  wherever  practicable,  but, 
owing  to  the  track  layout,  long  spans  could  not  be  wholly  avoided. 
The  spans  vary  from  20  ft.  6  in.  to  81  ft.  2i  in.  from  center  to  center 
of  bearings.    The  girders  vary  in  depth  from  3  to  9  ft.,  and  are  spaced 
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at  4-ft.  centers  where  loads  permit,  but  at  2-ft.  centers  where  provision 
is  made  for  loads  from  future  buildings.  To  permit  of  simple  details, 
and  to  avoid  the  use  of  excessively  thick  material,  one-eighth  of  the 
deep  girder  webs  was  counted  as  flange  section,  and  web  splices  were 
designed  to  resist  moment.  Cut  granite  templates  are  provided  for 
the  wall  bearings  of  the  smaller  girders,  and  steel  31 -beam  grillages 
for  the  wall  bearings  of  the  heavily  loaded  girders.  These  grillages 
are  built  up  with  separators,  and  provided  with  top  and  bottom  counter- 
sunk riveted  plates.  The  columns  in  intermediate  bents  are  made  up 
of  two  15-in.  channels,  set  about  15  in.  from  back  to  back,  reinforced 
by  15-in.  cover-plates,  and  double-latticed  with  2^  by  |-in.  bars,  pro- 
vided with  riveted  diaphragms  at  top  and  bottom,  with  riveted  cap 
plates,  field-connected  plate,  and  angle  knee-braces,  and  riveted  plate 
and  angle  bases.  The  columns  bear  on  cut  granite  templates  capping 
concrete  bases  where  loads  permit,  but  the  more  heavily  loaded  columns 
bear  on  steel  I-beam  grillages,  which  in  turn  rest  on  granite  masonry 
with  concrete  bases  footed  on  the  rock.  Girders  rest  on  the  tops  of 
columns.  Curb  angles  are  attached  by  riveted  connections  to  the  col- 
umns of  all  bents  4  ft.  above  top  of  rail  for  the  protection  of  the  fender 
walls. 

The  abutment  walls  are  of  gravity  sections  of  1:2:4  concrete,  de- 
signed to  carry  the  roof  loads  only,  with  an  allowance  of  30  tons  per  sq. 
ft.  bearing  value  under  the  grillages.  A  granolithic  top  dressing  is 
laid  on  top  of  these  abutment  walls  under  all  grillage  bearings.  In 
situations  where  property  was  less  valuable,  and  other  conditions  less 
restricting,  the  design  of  abutment  walls  capable  of  resisting  hydro- 
static pressure  due  to  a  head  measiired  from  the  bottoms  of  the  sewers 
might  have  been  warranted.  In  this  instance,  however,  it  was  deter- 
mined to  design  the  walls  as  above  stated,  trusting  to  a  drainage 
scheme  to  relieve  these  walls  of  hydrostatic  pressure. 

The  scheme  consists  merely  of  the  application  of  well-known 
materials  in  a  simple  but  unusual  manner,  namely,  the  space  from 
standard  section  line  to  ledge,  varying  from  6  in.  to  4  or  5  ft.,  is  filled 
back  of  a  suitable  form  to  the  full  height  of  the  abutment  walls,  with 
a  porous  concrete,  1  part  cement,  4  parts  sand,  and  8  parts  stone.  This 
porous  backing  is  faced  with  hollow,  light-burned,  porous,  terra  cotta, 
12  by  12  by  4-in.  partition  blocks,  laid  with  openings  set  vertically, 
and  bonded  for  the  continuity  of  the  vertical  hollow  spaces.     These 
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blocks  are  anchored  to  the  concrete  backing  by  cut  nails,  driven  into 
the  latter  and  clinched  over  the  inner  walls  of  the  blocks  or  joints.  The 
bed  joints  are  huttered  in  such  manner  that  the  back  half  of  the  joint 
is  left  open  as  far  as  practicable;  the  build  joints  are  made  in  a  simi- 
lar manner. 

The  tile  drainage  sheet  is  footed  on  a  longitudinal  tile  drain,  made 
by  chipping  out  the  end  walls  and  partitions  of  the  blocks.  This 
longitudinal  drain  is  connected  with  a  gutter  at  the  toe  of  the  abut- 
ment wall,  which,  in  turn,  is  connected  to  the  under-drainage  system. 
On  the  face  of  the  tiling  above  described,  the  wall  water-proofing  is 
placed  for  the  full  height,  with  dry  laps  extended  over  the  backing 
wall  and  weighted  down.  A  section  at  a  time,  varying  from  25  to  50  ft., 
was  thus  prepared,  and  the  abutment  walls  were  completed  as  soon  as 
practicable  after  water-proofing. 

The  roof  cover,  or  so-called  floor-plate,  consists  of  plain  I-beams, 
4  and  6  in.  deep,  embedded  in  concrete  and  laid  across  the  girders  at 
intervals  of  9  in.  from  center  to  center.  The  beams  are  not  attached 
to  the  girders.  The  roof  water-proofing  is  laid  on  top  of  the  concrete- 
steel  floor-plate,  and  a  protecting  cover  of  concrete  is  laid  over  the 
water-proofing;  after  this  had  been  done  the  highways  were  back-filled. 

The  method  of  placing  the  concrete-steel  floor-plate  was  as  follows: 
First,  forms  were  set  between  girders,  then  the  plain  I-beams  were 
assembled,  wire-brushed,  spaced,  and  pinned  up  to  grade;  then  mortar 
bearings  were  made  for  each  beam  over  each  girder,  thus  permitting, 
after  the  mortar  had  set,  the  removal  of  all  wedges  and  spacers, 
and  the  cleaning  of  forms ;  after  which  the  spaces  beneath  and  between 
the  beams  were  grouted,  and  the  concrete  was  screeded  to  grade. 

The  protecting  cover  over  the  water-proofing  was  designed  to  be 
of  plain  concrete  from  4  to  6  in.  thick.  As  long  as  the  back-filling  was 
kept  well  back  of  the  end  of  the  completed  work,  and  was  stepped  off 
in  bench  formation,  the  plain  concrete  cover  served  its  purpose,  but, 
in  one  case,  when  the  back-filling  was  advanced  in  bank  formation, 
close  upon  the  completed  construction  work,  the  concrete  cover  broke, 
and  the  water-proofing  was  damaged,  requiring  the  removal  of  much 
back-filling  to  effect  proper  repairs.  After  the  occurrence  just  cited, 
the  cover  was  reinforced  by  Clinton  wire  cloth,  and  no  further  trouble 
was  experienced. 
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'i'lic  coluiiiiis  arc  oiu'ascd  in  continuous  couerete  fender-walls,  with 
battered  faces,  from  the  ba^c  of  each  column  to  4  ft.  above  the  top 
of  rail.  A  reinforcing  mesh  is  placed  within  1  in.  of  the  faces  of  these 
fender-walls  in  order  to  toughen  the  surface  and  reduce  the  tendency 
to  check.  Where  the  columns  are  at  2-ft.  centers,  a  plumb  curtain-wall 
is  built  above  and  monolithic  with  the  battered  fender-walls,  and  the 
columns  arc  tlicr(l)y  filled  and  encased  with  concrete  up  to  the  knee- 
braces.  Wliere  the  girders  are  at  "^-ft.  centers,  they  are  solidly  encased 
in  concrete  above  the  bottom  flange  cover-plates. 

A  superimjiosed  wall  is  built  along  the  west  side  of  Seventh  Avenue 
to  retain  the  iiaek-till.  Provision  was  made  for  similar  walls  elsewhere 
on  the  street  lines,  but  company  ownership  of  property  permitted  slop- 
ing the  back-fill  at  these  points,  hence  the  w^alls  were  not  built. 

All  abutment  walls  and  column  footings  are  founded  below  sub- 
grade  on  solid  rock.  All  rock  bottoms  were  carefully  examined  by  the 
engineers  and  accepted  by  them  before  construction  was  permitted. 
As  the  excavation  was  through  solid  ledge,  the  engineers  had  princi- 
pally to  see  that  all  soft,  powder-burned,  and  loose  rock  was  removed, 
and  jagged,  wedge-shaped  surfaces  cut  down  before  accepting  a  foun- 
dation bottom. 

Prior  to  the  execution  of  the  Easterly  Portion  contract  the  masonry 
trunk  sewers  in  Seventh  Avenue,  32d  and  33d  Streets,  within  the  limits 
of  the  Easterly  Portion,  were  replaced,  at  the  railroad  company's  ex- 
pen.se,  by  cast-iron  pipe  sewers,  30  and  36  in.  in  diameter.  These  were 
maintained  in  jKisition  on  falseworks  during  the  conduct  of  the  Easterly 
Portion  contract.  Substantial  timber  bents  were  left  in  place  beneath 
them. 

Excavation  was  started  immediately  after  the  contract  was  awarded, 
in  June,  1905,  and  the  procedure  was  briefly  as  follows: 

Karth  excavation  was  started  east  fff  Seventh  Avenue,  and  for  the 
Hrst  month  was  disposed  of  directly  by  wagons.  An  open  cut  was 
started  west  of  the  car  tracks  in  Seventh  Avenue  at  the  end  of  the 
first  month,  and  the  west  roadway  was  closed  to  traffic. 

Derricks  were  erected  to  serve  wagons  east  of  Seventh  Avenue  in 
the  second  month.  The  excavation  from  the  west  cut  was  disposed  of 
by  3-yd.  dump-cars  hauled  to  the  North  River  dock  by  locomotives. 
The  removal  of  service  pipes  from  the  west  roadway  of  Seventh  Ave- 
inie  was  started  during  the  second  month. 
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In  the  third  month,  a  track  connection  was  effected  at  grade  across 
Seventh  Avenue  by  the  use  of  movable  sections  at  the  crossing  of 
the  street  railway,  and  wagons  were  abandoned.  A  300-ft.  cableway 
was  erected  for  the  excavation  of  the  west  roadway  of  Seventh  Avenue. 
A  boiler  was  set  up  to  serve  the  drills,  and  rock  excavation  was  started 
east  of  Seventh  Avenue. 

During  the  fourth  month,  the  construction  of  a  temporary  retain- 
ing wall  was  started  along  the  north  side  of  33d  Street,  just  north  of 
the  north  abutment  wall.  This  temporary  retaining  wall  was  suggested 
by  the  engineers  and  built  by  the  contractors  at  their  own  expense  to 
prevent  serious  damage  to  the  buildings  on  the  north  side  of  33d  Street. 
These  buildings  are  founded  on  the  clay  and  hardpan  above  the  ledge, 
and,  owing  to  the  construction  of  the  temporary  retaining  wall  in  front 
of  them,  no  appreciable  settlement  was  noted. 

During  the  fifth  month,  a  cut-and-cover  tunnel  was  commenced 
under  Seventh  Avenue  in  order  to  connect  the  two  sections  of  the  work. 

By  the  middle  of  the  sixth  month,  the  temporary  retaining  wall 
above  referred  to  was  finished,  and  the  major  portion  of  the  north 
approach  east  of  Seventh  Avenue;  the  west  roadway  had  also  beeti 
excavated  to  an  average  depth  of  28  ft.  below  street  level,  and  a  tunnel 
connection  was  effected,  after  which,  all  excavation  was  disposed  of 
by  way  of  the  contractor's  tracks  below  street  level.  The  use  of  der- 
ricks and  skips  for  serving  the  dump-cars  was  continued  east  of  the 
west  track  in  Seventh  Avenue  until  the  completion  of  the  excavation. 
The  cars  were  served  chiefly  by  steam  shovels  in  the  west  cut  after  the 
sixth  month. 

During  the  seventh  month,  a  battery  of  boilers  was  erected 
south  of  the  north  cut  east  of  Seventh  Avenue,  in  order  to  supply  steam 
for  the  derricks  and  drills. 

The  excavation  of  the  32d  Street  approach,  east  of  Seventh  Ave- 
nue, was  started  in  the  eighth  month,  and  the  highway  was  diverted 
to  the  company's  property  on  the  south. 

After  the  completion  of  the  temporary  retaining  wall,  the  north 
throat  cut  was  widened  to  include  33d  Street;  and  the  highway  was 
thereafter  maintained  on  falseworks.  Sub-grade  was  first  reached  in 
one  year  from  the  date  of  beginning  excavation,  at  which  time  a 
considerable  area  in  the  west  roadway  of  Seventh  Avenue  and  a  small 
area  east  of  that  avenue  in  the  33d  Street  approach  reached  bottom. 


CROSS-SECTIONS  ON  32D  AND  33D  STREETS 
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Sub-grade  was  first  reached  in  the  32d  Street  approach  about  three 
months  later. 

A  concrete  plant,  with  two  1-yd.  Smith  mixers,  storage  bins,  and 
feed  hoppers,  was  erected  east  of  Seventh  Avenue,  between  the  two 
approaches,  in  April,  1907.  This  plant  was  set  above  the  works,  and 
the  materials  were  delivered  to  it  by  a  bucket  conveyor,  the  concrete 
being  discharged  into  1-yd.,  metal  dump-cars,  by  which  the  concrete 
was  distributed  to  the  various  works  on  industrial  tracks  placed  on  the 
forms  and  on  a  trestle  built  for  the  purpose.  A  section  of  backing 
wall  for  the  south  abutment,  the  33d  Street  approach,  and  the  founda- 
tions of  the  intermediate  bents  for  this  approach  were  started  east  of 
Seventh  Avenue  in  ^Fay,  1907,  and  the  first  section  of  abutment  wall 
was  completed  in  that  month. 

The  abutment  walls  for  the  south  side  of  the  33d  Street  approach 
and  the  north  side  of  the  32d  Street  approach  west  of  the  car  tracks  in 
Seventh  Avenue,  also  the  foundations  for  the  center  bent  of  the  32d 
Street  approach  west  of  the  Seventh  Avenue  car  tracks,  were  built 
during  June,  1907.  All  abutments  and  foundations  were  partly  com- 
pleted during  July,  1907,  and  the  steel  erection  was  started  at  the 
south  end  of  the  32d  Street  approach  west  of  the  car  tracks  in  Seventh 
Avenue.  The  steel  erection  for  the  32d  Street  approach  west  of  the 
car  tracks  in  Seventh  Avenue  was  completed  on  September  1st,  1907. 
The  steel  erection  for  the  33d  Street  approach  east  of  Seventh  Avenue 
was  started  on  September  1st,  1907.  The  permanent  structure  was 
wholly  completed  west  of  the  Seventh  Avenue  car  tracks  in  December, 
1908. 

A  temporary  timber  trestle  was  erected  on  the  deck  of  the  com- 
pleted portion  of  the  permanent  structure,  and  the  street-railway  and 
other  traffic  in  Seventh  Avenue  was  diverted  to  this  trestle  on  February 
13th,  1908,  after  which  the  rock  core  which  had  been  left  beneath  the 
street-railway  tracks  in  the  middle  of  Seventh  Avenue  was  excavated. 
The  excavation  was  entirely  completed  on  September  30th,  1908. 
The  abutment  walls  and  foundations  were  completed  on  August  1st, 
1908.  The  steel  erection  was  completed  about  September  30th,  1908. 
All  tlie  floor-plate  work,  water-proofing,  and  protecting  masonry  were 
completed  on  October  6th,  1908.  The  back-filling  for  the  restoi'ation 
of  the  highways  was  started  on  the  33d  Street  approach  east  of  Seventh 
Avenue  on  April  7th,  1908.     A  trestle  was  built  over  the  permanent 
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bridging  in  Seventh  Avenue,  at  the  railroad  company's  expense,  tor 
the  support  of  the  street-railway  tracks,  the  sewers,  and  the  water  and 
gas  mains,  in  their  ]iermanent  positions,  and,  after  back-filling  had 
been  placed  to  the  to]i  of  this  trestle,  the  street  railway  was  restored 
to  its  original  location  on  January  5th,  1909,  and  four  days  later  the 
cast  roadvvay  of  Seventh  Avenue  was  paved  and  restored  to  trafiic,  thus 
permitting  the  completion  of  the  west  roadway,  which  was  finished  in 
May,  1909.  The  pavement  on  33d  Street  east  of  Seventh  Avenue  was 
completed  in  January,  1909,  and  that  on  32d  Street  east  of  Seventh 
Avenue  in  December,  1908.  The  company's  property  was  fenced  in, 
thus  marking  the  virtual  completion  of  this  contract,  about  June  15th, 
1909,  four  years  from  the  date  of  beginning. 

Owing  to  the  heavy  fill  for  the  restoration  of  the  streets  and 
avenue  it  was  determined  to  delay  placing  the  final  pavenaent  until  at 
least  one  year  after  the  highways  had  been  first  restored  to  traffic. 

Extracts  from  the  specifications  for  the  Easterly  Portion  are  given 
in  Appendix  A.  Extracts  from  the  specifications  for  the  manufacture 
of  the  steel  for  the  Easterly  Portion  are  given  in  Appendix  B. 

Viaducts. 

Tlie  Eighth  Avenue  Viaduct. — This  viaduct  is  525  ft.  long,  100  ft. 
wide,  and  extends  entirely  across  the  terminal  between  31st  and  33d 
Streets.  Top  of  rail  is  about  39  ft.  below  street  level  at  the  south  end 
of  the  viaduct  and  about  41  ft.  below  street  level  at  the  north  end. 
After  allowing  for  a  minimum  under-clea ranee  of  16  ft.  2  in.  and  a 
minimum  depth  of  19  ff.  from  street  level  to  top  of  structure,  as 
required  by  the  franchise,  the  permissible  depth  of  structure  over 
tracks  was  foimd  to  vary  from  3  ft.  6  in.  at  the  south  end  to  5  ft.  6  in. 
at  the  north  end. 

For  the  reasons  stated  under  the  heading  ^'Easterly  Portion,"  it 
was  determined  to  restore  the  highway  by  back-filling  over  the  viaduct 
roof,  hence  the  latter  was  designed  to  support  the  weight  of  back-fill 
plus  a  uniform  live  load  of  300  lb.  per  sq.  ft.,  resulting  in  a  total  load 
of  about  2  700  lb.  per  sq.  ft. 

Owing  to  the  shallow  v/orking  depths,  the  bents  were  located  in  all 
platforms  and  between  tracks  wherever  possible.  The  resulting  spans 
vary  from  20  ft.  5  in.  to  43  ft.  9  in.  from  center  to  center  of  bearings. 

A    riveted,    face-connected,    plate-girder    structure,    with    riveted, 
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Fic.    1. — Steel   Roofixg,    Easterly    Portion. 


Fig.  2. — Steel  Roofing  at  Throat,  Easterly  Portion. 
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I-sli;ipcil  I'dliiiuiis.  wiis  :i(l.ii)tc(l.  The  fioor-pliite  is  of  4-in.  I-beams 
laiil  traiisvcrs-uly,  spaced  tidiii  C  to  8  in.  on  centers,,  spanning  at  least 
tliri'o  girders,  and  breaking  jdiiits  every  sixth  beam;  it  is  simihir  in 
type  to  that   described    under   the   licadiiii;-  "Kasterly   Portion." 

Superimposed  retaining  walls  e.xtend  from  the  Hoor-plate  to  the 
street  level  on  both  faces  of  the  viaduct;  the  basin  thus  formed  is 
water-proofed,  covered  with  masonry,  and  contains  the  back-filling. 

Tlie  coluuuis  are  uniforndy  spaced  10  ft.  from  center  to  center 
transversely  of  the  viaduct;  each  is  built  up  of  one  web-plate,  16  in. 
wide,  four  8  by  G-in.  L's,  and  from  two  to  six  cover-plates,  18  in.  wide, 
having  open  holes  at  the  top  for  girder  connections,  and  riveted  plate 
and  fitted  stiffener  angle  bases.  The  columns  bear  on  cut  granite 
cap-stones  underpinned  to  solid  rock,  except  as  hereinafter  noted,  by 
concrete  piers.  Each  colunni  base  is  secured  to  the  granite  cap-stones 
by  two  1^-in.  fox-bolts,  12  in.  long. 

Face-connected  girders,  varj-ing  in  depth  from  5  ft.  to  7  ft.  2^  in., 
each  built  up  of  one  web-plate,  with  four  side-plates  where  required, 
and  four  G  by  ti-in.  L's,  and  provided  with  open  holes  through  riveted 
tillers  for  web  connections  with  longitudinal  girders,  are  framed 
lietween  the  columns  transversely,  thus  completing  the  bents. 

The  longitudinal  girders  vary  in  depth  from  2  ft.  4i  in.  to  4  ft. 
4i  in.,  and  are  3  ft.  4  in.  from  center  to  center  in  the  outer  bays  under 
the  retaining  walls,  and  5  ft.  from  center  to  center  between  the  outer 
bays.  They  are  framed  between  the  columns  and  transverse  girders 
of  the  bents  above  described.  Each  longitudinal  girder  is  built  up  of 
one  web-plate,  with  four  side-plates  where  required,  four  6  by  6-in.  or 
four  8  by  G-in.  fiange  L's,  and  from  two  to  six  cover-plates. 

The  site  of  the  viaduct  was  excavated  to  sub-grade,  a  timber  trestle 
was  erected  to  maintain  the  highway  for  traffic,  and  the  north  and 
south  abutments  were  built  under  another  contract. 

Some  interesting  incidents  of  the  construction  of  this  viaduct  are 
tlie  ffillowing:  Top  of  rock  was  found  below  track  level  over  the 
greater  portion  of  the  south  half  of  the  viaduct,  gradually  rising  to 
the  surface  of  the  avenue  in  the  north  half.  Pockets  of  disintegrated 
feldspar,  having  the  consistency  of  thoroughly  compacted  ashes,  and 
saponifying  in  water,  were  encountered  in  several  instances  imme- 
diately beneath  the  viaduct  foundations  of  the  six  southerly  bents. 
Wash-borings  at  eighteen  column  locations  showed  the  depth  to  solid 
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rock  in  these  pockets  to  vary  from  5  ft.  to  more  than  30  ft.  below  sub- 
grade.  After  borings  had  been  made,  excavation  M'as  carried  deep 
enough  in  all  soft  material  to  disclose  the  character  and  extent  of  the 
pockets,  and  further  explorations  vpere  made,  where  required,  with 
rock  drills.  In  several  instances  the  pockets  were  found  to  extend 
over  the  entire  area  of  the  column  foundation,  the  depth  to  firm 
rock  being  more  than  25  ft.  below  sub-grade.  In  such  cases  spread 
footings  were  built,  based  on  conservative  bearing  values  determined 
according  to  the  conditions  encountered  in  each  case.  In  other  in- 
stances the  pockets  tapered  so  that  their  area  at  moderate  depths  was 
found  to  be  only  a  small  percentage  of  the  area  of  the  piers.  In  these 
cases  excavation  was  made  until  firm  rock  was  encountered  at  depths 
of  6  to  16  ft.  below  sub-grade.  In  many  other  cases  the  rock  bottom 
was  badly  seamed  with  mica  schist  and  disintegrated  rock,  and  in  such 
instances  spread  footings  were  provided,  based  on  the  usual  bearing 
values  for  hardpan. 

The  timber  trestle  occupied  the  middle  of  the  viaduct  site  for  a 
width  of  about  40  ft.,  hence  almost  half  of  the  steel  had  to  be  placed 
through  this  trestle,  and  the  latter  had  to  be  constantly  readjusted, 
first  during  the  building  of  foundations,  then  during  the  placing  of 
steel,  and  afterward  during  the  restoration  of  the  service  mains,  etc. 

Owing  to  the  type  of  th*e  permanent  structure,  it  was  hoped  that 
the  steelwork  could  be  erected  by  working  simultaneously  in  both 
directions  from  the  center  bent  of  the  viaduct,  but  it  happened  that 
the  south  half  was  ready  for  the  steelwork  first,  and  therefore  the 
erection  was  started  at  that  end  and  continued  steadily  northward. 
The  easterly  bays  were  set  in  advance,  and  the  remaining  bays  were 
filled  in  just  back  of  them  until  the  center  bent  was  reached.  The 
structure  was  constantly  measured  and  plumbed,  and  riveted,  but, 
when  all  the  steel  had  been  placed  south  of  the  center  bent,  check 
measurements  were  made  and  complete  data  obtained  as  to  the  posi- 
tion of  the  structure.  It  was  found  to  be  plumb  and  varying  from 
J  to  yV  ill-  south  of  its  true  position  at  the  center.  Fillers  were 
accordingly  inserted  as  required  on  the  north  face  of  the  center  bent, 
and  the  erection  proceeded,  closing  on  the  north  abutment  within  J  in. 
of  true  position.  The  steel  was  erected  in  temperatures  varying  from 
about  20  to  90°  Fahr.,  and  the  only  provision  against  creep  was  the 
customary  shortening  of  the  girders  from  je  to  ^  in. 
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The  back-filling,  lor  the  restoration  of  the  highway,  was  advanced 
from  south  to  north,  in  bench  formation,  as  rapidly  as  the  masonry 
cover  was  completed  over  the  water-proofing.  About  at  the  center 
of  the  viaduct  the  back-filling  was  advanced  too  close  upon  the  green 
masonry,  and  a  settling  down  and  bulging  of  the  8-in.  backing  wall 
was  noted,  accompanied  by  vertical  cracks,  due  apparently  to  the 
slipping  of  the  back-filling  placed  against  the  wall.  To  overcome  the 
difficulty,  the  thickness  of  the  backing  was  changed  from  8  to  4  in.,  and 
a  substantial  footing  was  provided.  No  recurrence  of  the  trouble  was 
experienced  after  the  section  of  the  brick  backing  was  modified.  Por- 
tions of  the  timber  trestle  were  left  in  place  for  the  support  of  the 
street-railway  tracks  and  the  service  mains.  The  street  railway  was 
jacked  up,  lined,  and  wedged  to  grade  on  this  trestle  support  prior 
to  paving.  The  highway  was  restored  at  first  by  granite  block  pave- 
ment in  sand,  and  this  temporary  pavement  was  maintained  in  service- 
able condition  during  the  settlement  of  the  back-fill.  Permanent 
asphalt  pavement  will  be  provided  eventually. 

The  sidewalks  are  of  granolithic,  top-dressed  concrete  on  a  cinder 
base,  with  cut  stone  curbs. 

The  excavation  for  the  foundations  was  started  in  November.  1905, 
and  completed  in  June,  1907.  The  foundation  masonry  was  started 
in  December,  1905,  and  completed  in  July,  1907.  The  steel  erection 
was  started  in  September,  1906,  and  completed  in  August,  1907. 
The  superstructure  masonry  was  started  in  May  and  completed  in 
November,  1907.  The  back-filling  for  the  restoration  of  the  highway 
was  started  in  July  and  completed  in  December,  1907.  The  temporary 
pavement  was  completed  and  the  highway  entirely  restored  to  traffic 
in  March,  1908,  2^  years  after  beginning  work. 

The  Slst  and  33d  Street  Viaducts. — These  structures  support  the 
highways  along  the  north  and  south  margins  of  the  terminal  site,  be- 
tween Seventh  and  Eighth  Avenues,  between  Eighth  and  Ninth  Avenues, 
and  along  Slst  Street  for  a  distance  of  200  ft.  west  of  Ninth  Avenue. 

The  franchise  permitted  the  tops  of  these  structures  to  be  placed 
2  ft.  6  in.  below  the  street  surface,  except  south  of  the  south  curb  line 
of  Slst  Street  and  north  of  the  north  curb  line  of  33d  Street,  where 
it  required  a  minimum  depth  of  5  ft. 

The  Slst  Street  Viaduct,  between  Seventh  and  Eighth  Avenues,  is 
800  ft.  long,  81  ft.  wide  for  a  distance  of  160  ft.   in  front  of  the 
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Service  Building,  and  58  ft.  wide  elsewhere.  It  is  supported  on  the 
north  by  the  Station  Building  steelwork  and  on  the  south  by  a  retaining 
wall,  except  in  front  of  the  Service  Building,  where  it  is  supported  by 
the  steelwork  of  the  latter.  This  viaduct  has  two  main  decks;  the 
upper  deck,  in  front  of  the  Service  Building,  supports  the  highway 
and  both  sidewalks;  elsewhere  the  upper  deck  supports  a  portion  of  the 
highway  and  the  north  sidewalk.  Beneath  the  roadway  deck  there 
is  a  baggage  passageway  connecting  the  Seventh  and  Eighth  Avenue 
ends  of  the  Station  Building.  This  baggage  passageway  deck  also 
includes  a  carriage  return  driveway,  just  south  of  the  general  waiting- 
room,  and  a  portion  of  the  main  concourse  floor  for  the  Station 
Building.  It  also  includes  a  floor  immediately  in  front  of  the  Service 
Building  for  the  support  of  apparatus. 

Under  a  portion  of  the  baggage  passageway  floor  a  pipe  gallery  has 
been  constructed  for  service  lines  from  the  Service  Building  to  the 
Station  Building, 

A  column  line  was  established  just  south  of  the  north  house  line 
of  31st  Street,  and  there  are  intermediate  column  supports  for  the 
viaduct  opposite  the  columns  of  the  south  wall  of  the  Station  Build- 
ing, and  spaced  at  varying  intervals  from  11  ft.  8  in.  to  30  ft.  6^  in. 
from  center  to  center.  Columns  were  also  located  north  of  the  Service 
Building  for  the  support  of  the  southerly  margin  of  the  highway  and 
the  baggage  passageway. 

The  principal  columns  are  made  up  of  one  IGJ  by  yV"^^-  web-plate, 
four  6  by  3^  by  |-in.  angles,  and  two  15-in.  33-lb.  channels,  reinforced 
below  the  baggage  passageway  floor  level,  by  two  12  by  |-in.  cover- 
plates,  provided  with  open  holes  for  the  connection  of  the  girders  and 
beams  of  the  baggage  passageway  floor  and  for  girder  connections  at 
the  top,  and  provided  with  riveted  plate  and  stiffener  angle  bases. 
Riveted  plate  and  angle  brackets  are  provided  at  all  connections 
between  transverse  girders  and  columns. 

All  but  three  of  the  columns  bear  on  cut  granite  cap-stones  under- 
pinned to  solid  rock  by  concrete  piers.  Three  of  the  columns  rest  on 
steel  I-beam  grillages  underpinned  to  solid  rock  by  concrete  piers. 
The  latter  three  column  foundations  are  located  between  the  conduit 
lines,  where  the  available  space  did  not  permit  of  the  economical  use 
of  stone  templates.  The  foundation  concrete  is  composed  of  1  part 
Portland  cement,  2^  parts  sand,  and  5  parts  broken  stone. 
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TIio  dock  iiiiiiKMli;il('ly  liciicMth  the  roadway  is  of  plate-girder  cou- 
striu-tioii.  the  sitk'walks  hcinji'  supported  on  I-hoain  fraining.  The 
sidewalk  heaiiis  and  roadway  girders  are  approximately  at  5-ft.  centers, 
and  set  transversely  of  the  viaduet.  The  roadway  girders  are  face- 
ronnec'ted  on  the  north  to  longitudinal  girders  which  frame  between 
the  viaduct  eohnnns,  and  are  similarly  connected  on  the  south  in  front 
of  the  Service  Building,  but  elsewhere  on  the  south  they  are  supported 
on  the  retaining  wall  ])ridge  seat.  These  roadway  deck  girders  are 
made  up  of  one  24-in.  web-plate,  four  6  by  6-in.  angles,  and  two  14-in. 
cover-jdates.  Between  the  roadway  girders  three-center  spandrel 
arches  were  turned,  with  haunches  bearing  on  the  bottom  flanges  of 
the  girders.  These  arches  are  of  1:2:4  Portland  cement  concrete, 
and  are  12  in.  thick  at  the  crown  with  tops  leveled  off  3  in.  above  the 
tops  of  the  girders.  This  top  surface  is  water-proofed  with  six-ply 
pitch  and  felt,  connected  to  the  water-proofing  of  the  retaining  wall, 
and  turned  up  elsewhere  back  of  the  curbs.  A  protecting  cover  of 
1 :  2i  :  5  Portland  cement  concrete,  4  in.  thick,  is  placed  over  the  water- 
prooting.  The  back-filling  was  placed  over  this  cover,  and  the  roadway 
was  temporarily  paved  with  granite  blocks  in  sand.  A  temporary  tim- 
ber curb  and  bulkhead  was  constructed  just  south  of  the  north  curb 
line  to  retain  the  fill  and  pavement  pending  the  setting  of  special 
curb  and  sidewalk  lights  in  front  of  the  Station  Building.  This 
temi)orary  curb  was  subsequently  used  as  the  sill  of  the  temporary 
fence  enclosing  the  station  site. 

The  baggage  passageway  floor  is  of  steel-beam,  plate-girder,  and 
lattice-girder  construction.  The  floor-beams  vary  from  15-in.,  45-lb. 
I's  to  24-in.,  80-lb.  I's;  they  are  spaced  about  5  ft.  from  center  to 
center,  and  are  set  longitudinally,  resting  on'  the  top  chords  of  the 
transverse  lattice  girders  of  the  pipe  gallery;  they  are  face-connected 
to  the  transverse  plate  girders  elsewhere,  with  the  tops  of  the  beams 
set  1  in.  below  the  girders. 

The  pipe  gallery  floor-beams  vary  from  10-in.,  25-lb.  I's  to  12-in., 
31J-lb.  I's;  they  are  spaced  about  5  ft.  from  center  to  center,  and 
are  set  longitudinally  and  face-connected  to  the  transverse  girders  with 
the  bottom  of  the  beams  1  in.  above  the  bottom  flanges  of  the  girders. 
Between  and  over  the  floor-beams  of  the  pipe  gallery  and  baggage 
passageway  there  are  reinforced  concrete  floors,  the  slabs  vaiwing  in 
thickness  from  4   to   6   in.,   with  beveled   haunches   footed   on   beam 
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flanges.  These  floors  are  of  1:2:4  Portland  cement  concrete  (\ising 
|-in.  stone),  reinforced  by  Clinton  wire  cloth.  The  bottoms  of  the 
slabs  are  1  in.  below  the  tops  of  the  beams.  These  reinforced  concrete 
floors  have  a  granolithic  top  dressing.  The  north  side  of  the  baggage 
passageway  and  pipe  galleiy  and  the  southerly  margin  in  front  of 
the  Service  Building  are  enclosed  by  brick  walls  supported  on  the 
viaduct  steelwork.  A  granolithic  sidewalk,  2  ft.  6  in.  wide,  with 
Wainwright,  steel-bow,  concrete  curb,  7  in.  high,  is  laid  on  the  baggage 
passageway  floor  against  the  north  wall,  and  there  is  a  quarter-round 
granolithic  fender  curb  of  12-in.  radius  on  the  south  side  of  the 
baggage  passageway  floor.  The  general  excavation  to  sub-grade,  the 
construction  of  the  retaining  wall,  the  Service  Building,  and  the 
Station  Building  were  done  under  other  contracts. 

The  excavation  for  the  forty-three  column  foundations  of  this 
viaduct  was  started  in  June  and  completed  in  November,  1906.  The 
foundations  were  started  in  April  and  completed  in  December,  1906. 
The  steel  erection  was  started  in  November,  1906,  and  completed  in 
March,  190Y.  The  superstructure  masonry  was  started  in  March  and 
completed  in  July,  1907.  The  temporary  pavement  was  completed  and 
the  highway  restored  to  traffic  in  November,  1907. 

The  33d  Street  Viaduct,  between  Seventh  and  Eighth  Avenues,  is 
800  ft.  long,  78  ft,  wide  for  a  distance  of  297  ft.  opposite  the  general 
waiting-room,  and  57  ft,  wide  elsewhere. 

It  is  similar  in  type  to  the  31st  Street  Viaduct  between  Seventh 
and  Eighth  Avenues,  hereinbefore  described,  but  the  lower  deck  in  this 
case  is  a  part  of  the  exit  concourse,  and  is  arranged  for  future  con- 
nections to  rapid  transit  subways  in  Seventh  and  Eighth  Avenues  and 
34th  Street.  The  governing  floor  grades  and  the  under-clearance  left 
a  permissible  depth  of  only  about  2  ft,  for  the  lower  deck.  It  was 
determined,  therefore,  to  frame  this  lower  deck  transversely  between 
the  intermediate  column  line  and  the  north  retaining  wall,  and,  oppo- 
site the  general  waiting-room,  to  the  north  column  line.  The  floor> 
beams  for  the  shorter  spans  vary  from  15-in.,  42-lb.  I's  to  18-in.,  60-lb. 
I's.  The  long-span  floor-beams  are  built  up  of  18-in.  web-plates  and 
four  6  by  4-in.  L's,  and  24-in.  web-plates  with  four  6  by  6-in.  L's.  The 
floor-beams  are  spaced  from  3  ft.  6  in.  to  5  ft.  from  center  to  center,  are 
face-connected  to  the  longitudinal  girders  and  columns  on  the  column 
lines,  and  set  into  pockets  in  the  ledge  beneath  the  north  retaining  wall 
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fi)r  a  length  of  247  ft.  at  the  west  end  and  on  the  pilasters  forming 
part  of  a  concrete  facing  placed  over  the  ledge  beneath  the  retaining 
wall  for  a  length  of  258  ft.  at  the  east  end. 

A  gallery,  15  ft.  wide  and  457  ft.  long,  supported  on  the  viaduct 
columns  on  the  south  and  suspended  from  the  roadway  deck  girders  on 
its  northerly  margin,  forms  a  part  of  the  entrance  concourse,  and  is 
connected  by  stairway  to  the  south  sidewalk  of  33d  Street,  and  by  a 
northerly  extension  to  the  34th  Street  temporary  entrance  and  exit. 

The  excavation  to  sub-grade,  the  construction  of  the  retaining  wall, 
the  Station  Building  and  the  temporary  entrance  and  exit  to  34th 
Street,  also  the  architectural  finish  of  the  concourse  deck  of  this  viaduct 
were  executed  under  other  contracts. 

The  excavation  for  the  fifty-six  column  foundations  of  this  viaduct 
was  started  in  October,  1906,  and  completed  in  September,  1907.  The 
foundations  were  started  in  November,  1906,  and  completed  in  Sep- 
tember, 1907.  The  steel  erection  was  started  in  July  and  completed 
in  December,  1907.  The  superstructure  masonry  was  started  in  August 
and  completed  in  December,  1907.  The  temporary  pavement  of  the 
roadway  was  completed  and  the  highway  opened  to  traffic  in  March, 
1903. 

The  31st  Street  Viaduct,  between  Eighth  and  Ninth  Avenues,  is  800 
ft.  long  and  40  ft.  wide.  It  is  a  single-deck  structure  supported  on  the 
retaining  wall  on  the  south  and  on  steel  columns  on  the  north.  The 
columns  are  placed  between  the  tracks  and  in  the  platforms  at  inter- 
vals varying  from  19  ft.  5  in.  to  43  ft.  1  in.  from  center  to  center,  and, 
on  account  of  the  track  layout,  the  twelve  easterly  and  five  intermediate 
columns  are  placed  in  a  line  askew  to  the  viaduct  and  distant  32  ft. 
6  in.  (maximum)  north  of  the  north  house  line. 

The  deck  framing  is  made  up  of  riveted  longitudinal  stringers 
spaced  about  5  ft.  5  in.  from  center  to  center,  each  built  up  of  one 
24  by  |-in.  web-plate  and  four  6  by  6  by  J-in.  L's,  and  face-connected  at 
the  ends  to  the  webs  of  the  transverse  girders,  which,  in  turn,  rest  at 
tlie  south  end  on  steel  I-beam  grillages  set  in  pockets  left  in  the  retain- 
ing wall  for  the  purpose,  and  top-connected  to  the  columns  or  face- 
connected  to  the  longitudinal  girders  on  the  north  end.  Each  of  these 
transverse  girders  is  built  up  of  one  web-plate  varying  from  62  by 
i  in.  to  96  by  x^  in.,  with  four  flange  L's  varying  from  6  by  6  by  |-in. 
to  8  by  8  by  |-in.,  and  from  two  to  four  cover-plates  15  and  18  in.  wide. 
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The  columns  are  made  of  two  15-in.  channels,  double  latticed,  and 
reinforced  in  some  instances  by  15-in.  cover-plates.  They  vary  in  length 
from  30  ft.  8  in.  to  43  ft.  2  in.  There  are  riveted  plate  and  angle 
brackets  at  all  girder  connections  to  columns.  The  columns  are  braced, 
longitudinally  of  the  viaduct,  in  pairs,  by  a  battened  diagonal  bracing 
system  with  top  and  bottom  latticed  struts,  thus  making  them  almost 
equally  strong  in  each  direction. 

For  a  length  of  about  400  ft.  at  the  east  end,  the  viaduct  is  opposite 
the  U.  S.  Post  Office  Building,  and  as  it  has  been  determined  to  sup- 
port certain  minor  features  of  the  building  entrances  and  areas  on  this 
viaduct,  the  latter  has  required  strengthening. 

This  strengthening  has  been  accomplished  by  introducing  a  diag- 
onal bracing  system,  which  is  connected  to  the  transverse  girders  at  the 
top,  and  to  the  lowest  point  of  attachment  of  the  original  longitudinal 
column  bracing  about  midway  of  the  column  length  at  the  bottom. 
A  lateral  system  has  been  introduced  in  the  plane  of  these  diagonals. 
By  the  introduction  of  the  diagonal  system  referred  to,  the  columns 
were  made  stronger  in  a  north  and  south  direction  than  in  the  opposite 
direction.  Hence,  where  the  difference  in  value  under  actual  loading 
conditions  required  it,  the  longitudinal  bracing  was  modified  and  ex- 
tended down  the  column  sufficiently  to  compensate. 

Between  the  deck  stringers,  semicircular  spandrel  concrete  arches 
were  turned,  and  the  deck  was  water-proofed  and  completed  in  the  man- 
ner hereinbefore  described  for  the  31st  Street  Viaduct  between  Seventh 
and  Eighth  Avenues,  except  that  the  completion  of  the  north  sidewalk 
was  a  part  of  the  viaduct  work  and  therefore  a  superimposed  concrete 
retaining  wall  or  bulkhead  was  built  monolithic  with  the  northerly 
arches  on  the  north  house  line  to  within  6  in.  of  tlie  top  of  the  sidewalk 
in  order  to  retain  the  till.  The  deck  water-proofing  is  turned  up  the 
back  of  this  wall.  Tie-rods  were  provided  at  intervals  of  about  7  ft. 
between  the  stringers  in  order  to  take  up  the  thrust  of  the  deck  arches. 
The  contractors  requested  permission  to  omit  these,  on  account  of  the 
niiisance  of  constantly  readjusting  forms,  and  were  permitted  to  omit 
all  but  those  in  the  north  panels.  A  timber  frame  wood  fence  was 
erected  on  the  north  house  line  and  attached  to  the  superimposed  bulk- 
head wall. 

The  excavation  to  sub-grade  and  the  construction  of  the  retaining 
wall  were  executed  under  another  contract. 
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The  excavation  for  the  twenty-nine  column  foundations  of  this 
viaduct  was  started  in  September,  1907,  and  completed  in  July,  1908. 
The  foundations  were  started  in  October,  1907,  and  completed  in  July, 
1008.  The  steel  erection  was  started  in  June,  1908,  and  completed  in 
March,  1909.  The  deck  masonry  was  started  in  April,  1908,  and  com- 
pleted in  April,  1909.  The  highway  was  restored  to  traffic  by  the  com- 
pletion of  the  temporary  pavement  in  December,  1909. 

The  33d  Street  Viaduct,  between  Eighth  and  Ninth  Avenues,  is 
■^00  ft.  long  and  43  ft.  wide,  and  is  identical  in  type  with  the  31st 
Street  Viaduct  between  Eighth  and  Ninth  Avenues,  except  that  the 
columns  are  all  in  the  same  straight  line  (approximately  on  the  south 
house  line). 

The  excavation  to  sub-grade  and  the  construction  of  the  north  re- 
taining wall  were  executed  under  another  contract. 

The  excavation  for  the  twenty  column  foundations  of  this  viaduct 
was  started  in  October,  1907,  and  completed  in  December,  1908.  The 
foundations  were  started  in  February,  1908,  and  completed  in  January, 
1909.  Tlie  steel  erection  was  started  in  March,  1908,  and  completed 
in  May,  1909.  The  deck  masonry  was  started  in  April,  1908,  and  com- 
pleted in  June,  1909.  The  highway  was  restored  to  traffic  by  the  com- 
pletion of  the  temporary  pavement  in  July,  1909. 

The  31st  Street  Viaduct,  west  of  Ninth  Avenue,  is  200  ft.  long  and 
10  ft.  wide,  and  is  similar  in  type  to  the  31st  Street  Viaduct  between 
Eighth  and  Ninth  Avenues.  It  is  opposite  the  site  of  a  proposed 
Express  Building,  and  has  been  designed  so  that  an  intermediate  floor 
connected  with  such  a  building  may  be  constructed  at  some  future 
date. 

To  provide  a  suitable  depth  of  story  beneath  the  roadway  deck,  the 
transverse  girders  of  the  latter  are  placed  in  pairs,  one  on  each  side 
of  the  columns,  with  riveted  diaphragms  at  the  stringer  connections. 
By  this  arrangement  the  transverse  girders  were  reduced  to  48  in.  in 
depth,  but  this  design  resulted  in  erection  difficulties  not  encountered 
in  the  more  simple  types  used  elsewhere. 

The  excavation  to  sub-grade  and  the  construction  of  the  south 
retaining  wall  were  executed  under  another  contract. 

The  excavation  for  the  eight  column  foundations  of  this  viaduct 
was  started  in  March  and  completed  in  August,  1909.  The  foundations 
were  started  in  April  and  completed  in  August,  1909.     The  steel  erec- 
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tion  was  started  in  May  and  completed  in  September,  1909.  The  deck 
masonry  was  started  in  August  and  completed  in  November,  1909.  The 
highway  was  restored  to  traffic  by  the  completion  of  the  temporary 
pavement  in  January,  1910. 

Loads. — In  determining  the  weight  of  the  structures,  for  the  purpose 
of  calculating  the  strains,  the  weight  of  masonry  floors  has  been 
assumed  at  140  lb.  per  cu.  ft.  The  decks  immediately  beneath  31st  and 
33d  Streets  have  been  designed  to  carry  concentrated  live  loads  in 
accordance  with  the  diagram.  Fig.  2,  placed  so  as  to  give  maximum 
strains  in  all  parts  of  the  structure. 

Longitudinal  spacing  for  loads  "A"  6J  ft.  and  24  ft.,  alternately. 

Longitudinal        "        "       "       "B"  20  ft.  apart. 

All  loads  to  be  placed  so  as  to  produce  the  maximum  effect  on 

all  parts  of  the  structure. 
Add  25%  to  the  live  loads  indicated  by  Fig.  2  to  compensate  for 

impact  and  vibration. 

LIVE-LOAD  DIAGRAM  FOR  UPPER  DECK  OF  31ST  STREET 
AND  33d  street  BRIDGES. 
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In  addition  to  the  live  loads  indicated  by  Fig.  2,  the  upper  decks  of 
the  31st  and  33d  Street  bridges  have  been  designed  to  sustain  (together 
with  the  weight  of  the  structure)  a  dead  load  of  fill  and  pavement  equal 
to  135  lb.  per  cu.  ft. 

The  lower  decks  of  the  31st  and  33d  Street  viaducts  between  Seventh 
and  Eighth  Avenues  have  been  designed  to  carry  a  live  load  of  240  lb. 
per  sq.  ft.,  uniformly  distributed. 

To  compensate  for  the  effect  of  impact  and  vibration,  25%  of  the 
maximum  strains  resulting  from  the  above  mentioned  live  loads  have 
been  added  thereto. 
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Fig.  2. — Ninth  Avenue  Bridge  During  Construction. 
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The  Ninth  Avenue  Viaduct. — The  Ninth  Avenue  Viaduct  is  376  ft. 
long  and  100  ft,  wide,  and  extends  across  the  terminal  from  the  south 
curb  line  of  31st  Street  to  a  point  about  110  ft.  south  of  33d  Street. 
It  supports  eighteen  columns  of  the  elevated  railway  structure.  The 
franchise  required  that  the  minimum  depth  from  the  street  surface  to 
the  top  of  the  structure  should  be  19  ft.  For  the  reasons  hereinbefore 
stated,  it  was  determined  to  restore  the  highway  by  back-filling  over  the 
viaduct  roof;  hence  the  latter  was  designed  to  support  the  weight  of  the 
back-fill  in  addition  to  the  weight  from  the  elevated  railroad  structure, 
and  a  uniform  live  load  of  300  lb.  per  sq.  ft.  of  street  surface.  The 
column  bents  are  located  wherever  practicable  between  the  tracks,  but, 
owing  to  the  relation  of  the  viaduct  location  to  the  track  layout,  the 
resulting  spans  vary  from  about  33  to  about  68  ft. 

The  contract  required  that  the  highway  and  elevated  railway  traffic 
should  be  maintained  in  service  during  the  construction  of  the  viaduct, 
hence  it  became  necessary  to  design  the  structure  so  as  to  simplify  its 
erection.  Owing  to  the  comparatively  long  spans  and  the  heavy  loads, 
it  was  decided  to  erect  a  top-bearing,  plate-girder  structure,  all  girders 
to  be  set  longitudinally,  and  spaced  5  ft.  from  center  to  center,  except 
under  the  foundations  for  the  elevated  railway  columns,  where  they 
were  to  be  spaced  4  ft.  from  center  to  center.  The  columns  in  all  bents 
wore  to  be  similarly  spaced. 

The  extreme  north  and  south  ends  of  the  structure  rest  on  abut- 
ment-wall bridge  seats.  Lateral  stability  is  provided  by  introducing  a 
horizontal  lateral  system  between  the  top  flanges  of  each  marginal  pair 
of  girders,  also  by  introducing  substantial  cross-frames  between  the 
girders  and  at  the  tops  of  the  columns. 

The  floor-plate  is  made  up  of  6-in.,  12J-lb.  I's,  laid  transversely, 
and  6  in.  from  center  to  center  under  the  superimposed  retaining  walls 
and  elevated  railway  columns,  and  8  in.  from  center  to  center  elsewhere, 
spanning  at  least  three  girders,  and  with  broken  joints.  These  beams 
are  encased  in  concrete,  the  floor-plate  being  similar  to  that  in  the 
"Easterly  Portion,"  hereinbefore  described. 

The  foundation  piers,  of  1:2:4  Portland  cement  concrete,  5  ft. 
square  at  the  top  and  12  ft.  6  in.  square  at  the  base,  are  built  as 
monoliths,  from  the  top  of  the  floor-plate  to  the  base  of  the  elevated 
railroad  columns,  just  below  the  surface  of  the  avenue.  The  resulting 
load  on  the  structure  at  the  base  of  these  foundations  is  approximately 
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4  000  lb.  per  sq.  ft. ;  the  superimposed  load  elsewhere  on  the  viaduct  is 
about  3  000  lb.  per  sq.  ft. 

Superimposed  retaining  walls  extend  from  the  floor-plate  to  the 
street  level  on  both  faces  of  the  viaduct;  the  basin  thus  formed  is 
water-proofed,  covered  with  masonry,  and  contains  the  back-filling. 

Each  viaduct  column  is  built  up  with  two  15-in.  double-latticed 
channels,  and  from  two  to  eight  cover-plates,  15  in.  wide.  Each  is 
provided  with  riveted  plate  and  angle  diaphragms  at  top  and  bottom, 
cap-plates,  and  riveted  plate  and  angle  knee-brackets  at  top,  connected 
to  girders  and  riveted  plate  and  fitted  stiffener  angle  bases;  also  clip 
angles  for  the  attachment  of  the  fender  curb.  The  columns  with  least 
loads  bear  directly  on  cut  granite  cap-stones,  underpinned  to  solid 
rock  by  1 :  24 :  6  Portland  cement  concrete  piers.  The  more  heavily 
loaded  columns  bear  on  steel  I-beam  grillages,  underpinned  to  solid 
rock  by  1 :  2i :  5  Portland  cement  concrete  piers.  The  column  bases 
are  secured  to  the  granite  cap-stones  by  two  l^-in.  fox-bolts,  12  in. 
long,  and  to  the  grillages  by  four  l-in.  bolts  in  each  column  base. 

The  viaduct  girders  are  6  and  9  ft.  deep,  and  each  is  built  up 
of  one  web-plate  with  four  side-plates,  where  required,  four  6  by 
6-in.  or  four  8  by  8-in.  flange  angles  and  from  two  to  twelve  cover- 
plates,  16,  18,  and  20  in.  wide.  Where  the  girders  change  in  depth 
from  9  to  6  ft.,  a  riveted  plate  and  stiffener  angle  seat,  double-spliced 
to  the  webs  and  milled  to  fit  the  bottom  flange  angles,  is  provided 
on  the  ends  of  the  9-ft.  girders  over  the  column  bearings.  Connecting 
plates  are  provided  on  the  top  flange  at  one  end  of  each  girder  and 
are  riveted  up  to  the  abutting  girder. 

On  the  abutment  walls  the  girders  bear  on  cast-iron  pedestals, 
or  steel  channel  bolsters  with  top  and  bottom  riveted  plates,  which, 
in  turn,  rest  on  the  cut  granite  bridge  seat. 

The  scheme  for  the  support  of  the  highway  and  the  elevated  rail- 
way structure,  during  the  erection  of  the  viaduct,  required  that  a 
central  core  of  rock  be  left  in  place,  longitudinally,  until  the  con- 
struction of  the  east  and  west  margins  of  the  permanent  viaduct, 
for  a  width  of  about  28  ft.  on  each  side,  could  be  completed;  hence 
the  permanent  bridging  was  erected  on  the  east  and  west  margins 
of  the  structure,  beginning  at  the  north  end,  and  the  vertical  supports 
for  the  falsework  were  transferred  to  this  permanent  bridging.  Then 
the  excavation   was   done,   after  which   the   intermediate   section   was 
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constructed.  The  falseworks  were  arranged  so  that  the  foundations 
for  the  elevated  railway  columns  could  be  completed  without  dis- 
turbing them,  and  they  were  removed  as  rapidly  as  the  completion  of 
the  permanent  foundations  permitted. 

'J'lie  (.'oluinns  are  encased  in  continuous  concrete  fender-walls,  with 
battered  faces,  from  the  base  of  each  column  to  4  ft.  above  the  top 
of  rail.  A  reinforcing  mesh  is  placed  within  1  in.  of  the  faces  of 
those  fender-walls  in  order  to  toughen  the  surface  and  reduce  the 
tendency  to  check.  There  are  refuge  openings  in  the  fender-walls  at 
intervals  of  about  25  ft. 

The  excavation  for  the  161  column  foundations  of  this  viaduct 
was  started  in  September,  1908,  and  completed  in  July,  1909.  The 
foundations  were  started  in  October,  1908,  and  completed  in  July, 
1909.  The  steel  erection  was  commenced  in  January,  1908,  and  com- 
pleted in  August,  1909.  The  superstructure  masonry  was  started  in 
November,  1908,  and  completed  in  September,  1909.  The  back-filling 
for  the  restoration  of  the  roadway  was  commenced  in  April,  and 
completed  in  December,  1909.  The  elevated  railway  was  transferred 
from  temporary  to  permanent  foundations  from  time  to  time  as  the 
latter  were  completed.  These  foundations  were  started  in  November, 
1908,  and  completed  in  August,  1909.  The  highway  was  restored 
to  traffic  by  the  completion  of  the  temporary  pavement  in  January, 
1910. 

The  specifications  for  the  viaducts  did  not  vary  much,  in  respect 
to  materials  and  workmanship,  from  those  quoted  in  Appendix  A. 
Extracts  from  the  specifications  for  the  manufacture  of  the  steel  for 
the  viaducts  are  given  in  Appendix  B. 

Substructures. 

All  work  below  the  track  level  between  the  marginal  retaining 
walls,  from  the  east  side  of  Tenth  Avenue  to  the  west  side  of  Seventh 
Avenue,  except  the  viaduct  foundations,  was  included  in  the  Sub- 
structures Contract,  the  principal  features  of  which  were:  Pipe  and 
express  trucking  subways,  elevator  pits,  a  complete  under-drainage 
system,  a  traction  conduit  system,  and  the  foundations  for  the  Station 
P.uildiTig  and  the  T"^.  S.  Post  Office  Building. 

Subways.- — Due  to  the  fact  that  the  Station  Building  is  super- 
imposed over  the  tracks  in  such   a  manner  that  complete  provision 
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for  supply  and  discharge  service  lines  could  not  be  made  advantage- 
ously within  the  building  itself,  and  due  to  the  necessity  for 
the  installation  of  a  vei"y  extensive  yard  service  system,  pipe  sub- 
ways are  provided  beneath  the  tracks,  running  across  the  yard  at 
intervals  of  about  400  ft.,  one  of  them  leading  directly  from  the  sub- 
basement  of  the  Service  Building.  These  cross-subways  are  built, 
in  some  cases,  for  trucking  subways,  and  are  connected  to  a  long- 
itudinal subway  extending  from  Seventh  to  Ninth  Avenues,  to  provide 
for  the  transfer  of  express  matter  between  the  trains  and  the  Ex- 
press Building  site  west  of  Ninth  Avenue,  and  also  to  provide  for  the 
transfer  of  certain  mail  matter  between  the  trains  and  the  Post  Office 
site  west  of  Eighth  Avenue. 

The  pipe  subways  vary  in  clear  width  from  4  to  12  ft.  and  in 
clear  height  from  10  to  15^  ft.  They  contain  mains  for  fire  service, 
water  supply,  car  heating,  air-brake  testing,  the  operations  of  inter- 
locking, the  heating  of  the  Station  Building,  also  certain  soil  pipes 
and  rain-water  leaders  from  the  Station  Building,  drainage  lines 
from  the  yard  buildings,  electric  conduit  feeders  for  yard,  platform, 
and  subway  lighting,  and  for  the  operation  of  the  electro-pneumatic 
interlocking  plant.  These  service  lines  are  carried  beneath  the  roof  of 
the  trucking  subways  and  above  the  head-room  for  trucking. 

For  the  discharge  of  soil  drainage  from  the  yard  buildings,  and  for 
that  portion  of  the  soil  drainage  from  the  Station  Building  which 
could  not  be  discharged  by  gravity,  ejectors  are  placed  in  pits  pro- 
vided for  the  purpose;  these  pits  are  connected  to  and  form  a  part 
of  the  subway  system. 

The  cross-trucking  subways  are  17  ft.  wide  in  the  clear  and  have 
a  height  of  about  12  ft.  The  longitudinal  subways  are  12  ft.  wide 
in  the  clear  and  about  13  ft.  high.  Beneath  the  pipes  there  is  clear 
head-room  of  8  ft.  for  trucking. 

The  subways  are  of  reinforced  concrete  of  box  section,  the  roofs 
and  side-walls  being  designed  to  support  the  track  bed  and  train  loads, 
and  the  whole  cross-section  to  resist  hydrostatic  pressure,  due  to  an 
assumed  head  of  water  measured  below  the  bottom  of  the  under-drain- 
age  system,  which  is  at  an  average  depth  of  1  ft.  6  in.  below  the  sub- 
way roofs.  In  order  to  reduce  the  superimposed  dead  load  to  a  min- 
imum, the  subway  roofs  are  placed  at  sub-grade,  2  ft.  below  top  of 
rail.     The  train  loads  were  reduced  to   an  equivalent  uniformly-dis- 
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tributed  live  load  per  square  foot  of  subway  roof.  Subway  roofs 
beneath  platforms  are  of  lighter  section,  but  are  strong  enough  to 
provide  for  such  loads  as  may  come  upon  them  due  to  the  use  of 
the  space  below  the  platforms  for  branch  service  lines. 

The  reinforcement  of  the  subways  is  of  plain,  square,  merchant- 
able rods,  having  a  permissible  unit  stress  of  16  000  lb.  per  sq.  in.,  and 
spaced  at  intervals  of  6  in.  from  center  to  center.  Similar  bars 
were  set  longitudinally  and  wired  to  tlie  transverse  bars  wherever 
practicable,  for  reinforcement  against  temperature  effects  and  shrink- 
age. These  temperature  bars  are  at  intervals  of  12  in.  from  center 
to  center  throughout  the  cross-section,  a  single  system  being  used 
in  the  floors  and  side- walls  and  a  double  system  with  alternate  spac- 
ing in  the  roof.  The  interior  face  of  the  reinforcement  is  li  in.  back 
of  the  finished  interior  face  of  each  subway.  The  subways  are  com- 
pletely enveloped  with  six-ply  pitch  and  felt  water-proofing,  and 
protected  by  masonry.  W^iere  conduit  banks  cross  the  subways,  they 
are  constructed  in  reinforced  concrete  troughs  just  below  the  subway 
roofs.  The  side-walls  of  these  troughs  are  designed  as  reinforced 
concrete  girders,  and  the  floor  slabs  of  the  troiighs  are  suspended 
from  them.  Many  pipes  pass  through  the  walls  of  the  subways,  and 
in  order  to  provide  for  putting  these  in  after  the  subways  had  been 
constructed,  and  to  insure  a  water-tight  job  on  completion,  pipe  sleeves, 
made  up  of  pipes  of  varying  diameters,  threaded  on  the  outside  and  each 
fitted  with  two  cast-iron  screw  flanges,  with  lead  washers,  are  set  in 
the  walls  and  clamped  to  the  water-proofing,  a  sufficient  space  hav- 
ing been  allowed  between  the  external  perimeter  of  the  pipes  and  the 
internal  perimeter  of  the  sleeves  to  pormit  of  caulking  the  external 
joint  between  them  after  placing  the  pipes. 

Numerous  openings  have  been  left  in  the  roofs  of  the  subways  for 
pipe  branches  under  platforms,  and  elsewhere,  for  connection  with 
surface  pipe  trenches.  The  presence  of  foundations,  conduit  lines, 
drainage  lines,  etc.,  adjacent  to  and  connected  with  the  subway  sys- 
tem, made  the  execution  of  some  portions  of  the  substructure  work  a 
very  painstaking  task. 

Pockets  have  been  left  about  2  ft.  below  the  roofs  of  the  pipe  sub- 
ways at  intervals  of  12  ft.  from  center  to  center,  thus  providing 
bearings  for  the  pipe-hanger  beams,  each  of  which  is  made  up  of  two 
6-in.,  8-lb.   channels,  back   to   back.     In  the  trucking  subways,   9-in., 
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21-lb.  I-beanis  are  built  into  the  roof  section,  with  their  bottom 
flanges  flush  with  the  ceilings.  Three-piece  wedge  forms  were  set 
up  over  these  I-beam  flanges  and  withdrawn  on  the  completion  of 
the  work,  thus  leaving  the  flanges  free  and  clear  for  the  attachment 
of  the  pipe  hangers. 

In  general,  the  method  of  procedure  in  the  construction  of  the 
subways  was  as  follows: 

A  trench  was  excavated  and  a  concrete  floor  base  was  placed, 
ready  for  water-proofing;  then  backing- walls,  varying  in  height  from 
2  ft.  to  the  full  height  of  the  subway,  according  to  the  conditions 
encountered,  were  built,  usually  for  stretches  of  100  ft.  at  a  time. 
Owing  to  the  nature  of  the  rock  and  the  presence  of  deep  pockets 
of  earth,  the  trenches  were  in  some  cases  excavated  from  5  to  10  ft. 
wider  than  required  by  the  drawings,  and  in  these  instances,  after 
experimenting  with  various  heights  of  backing-wall,  it  was  finally 
determined  to  build  the  backing-walls  in  the  first  stage  to  a  height  of 
about  4  ft.,  thus  forming  with  the  floor  base  a  basin,  which  was  then 
water-proofed.  After  completing  this  first  stage  of  water-proofing,  the 
reinforced  concrete  floor  was  laid  with  battered  margins  arranged  to 
obtain  the  effect  of  a  flat  inverted  arch  thrusting  against  the  side-walls 
after  the  latter  were  completed.  Gutters  were  provided  in  the  floors 
at  one  wall  angle,  to  carry  off  any  water  which  might  accumulate 
from  pipe  leaks  or  otherwise.  After  the  reinforced  concrete  floors  had 
set,  a  four-piece  collapsible  timber  form,  about  30  ft.  long,  with  suit- 
able lagging  on  its  external  perimeter,  was  set  up  over  the  floor  and 
adjusted  by  wedges  and  keys  to  the  internal  dimensions  of  the  sub- 
way. The  reinforcement  was  placed  at  the  proper  distance  from  this 
form,  and  secured  in  place  by  suspending  it  from  scantlings  blocked 
up  on  the  roof  of  the  form.  The  side-wall  reinforcement  was  bent 
at  the  bottom  to  conform  to  the  above  described  battered  faces  of  the 
floor.  The  outside  forms  for  the  walls  were  constructed  separately 
on  the  backing-walls  above  described,  and  were  braced  to  the  sides 
of  the  trenches,  after  which  the  side-wall  and  roof  concrete  was  placed 
as  a  monolith.  The  longitudinal  reinforcement  was  extended  beyond 
each  section,  and  lapped  for  continuity.  After  the  tube  concrete  had 
set  sufficiently,  the  external  forms  were  removed,  the  water-proofing 
was  completed,  and  the  masonry  protection  was  placed.  After  a 
sufficient  time  had  elapsed  to  insure  the  thorough  set  of  the  side-walls 
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Fig.  2. — Trucking  Subway  During  Construction. 
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iiiul  rod,  the  interior  form  was  pushed  alieaJ  and  made  ready  for  the 
next  section. 

Owing  to  the  great  amount  of  time  consumed  in  placing  concrete 
hacking-walls  in  open  trenches,  the  contractors  were  permitted  to  sub- 
stitute terra  cotta  tile  backing  above  the  4-ft.  wall  placed  in  the  first 
stage.  A  concrete  cover  4  in.  thick  was  placed  over  the  roof  water- 
proofing throughout. 

Elevator  Pits. — Elevator  i)its  have  been  provided  for  the  baggage, 
mail,  and  express  lifts.  Nine  are  connected  directly  to  the  main  cross- 
trucking  subway  just  east  of  Eighth  Avenue,  two  are  connected  with 
that  subway  by  a  branch  at  its  north  end,  and  two  others,  just  west  of 
Seventh  Avenue  on  the  north  side  of  the  terminal,  are  inter-connected 
by  a  special  trucking  subway  with  a  branch  connection  to  the  easterly 
pipe  subway. 

These  lift  pits  are  open  at  one  end  and  at  the  top,  hence  a  steel 
stud  and  concrete  wall  structure  with  reinforced  concrete  floor  was 
adopted.  The  floors  of  the  pits  are  about  5  ft.  below  the  floors  of 
the  trucking  subway.  The  pits  are  8  ft.  wide,  15  ft.  4  in.  long,  and 
vary  in  height  from  about  IS  ft.  to  20  ft.  The  floors  and  walls  are 
water-proofed  with  six-ply  pitch  and  felt.  The  lifts  are  of  the 
standard  plunger  type,  and  the  plunger  castings  are  made  up  of  stud 
rings  and  clamping  rings;  to  insure  tight  work,  the  floor  water- 
proofing was  cut  to  fit  the  studs  on  these  castings  and  clamped 
in  place. 

The  reinforcement  of  the  floors  is  of  ^-in.  plain,  square,  mer- 
chantable rods,  laid  transversely  at  intervals  of  6  in.  from  center  to 
center,  with  special  framing  around  the  plunger  castings.  This  floor 
was  designed  to  resist  the  hydrostatic  pressure  due  to  a  head  of  water 
measured  from  the  bottom  of  the  under-drainage  system.  The  top  sur- 
face of  each  pit  floor  has  been  graded  to  a  semicircular  sump  at  one  end 
of  the  pit  and  on  its  axis.  This  sump  has  a  radius  of  12  in.  and  is 
6  in.  deep.  The  wall  framing  is  of  15-in.  I-beams  set  vertically, 
spaced  at  intervals  of  about  4  ft.  G  in.  from  center  to  center,  connected 
at  the  top  with  15-in.  I-beam  curbs,  and  provided  with  clip  angles 
at  the  bottom  for  anchorage.  Tlie  side-walls  of  the  pits  are  of  con- 
crete, 18  in.  thick,  finished  flush  on  the  inside  with  flanges  of  steel 
studs,    water-proofed    on    the   outside,    and    backed    up   with    masonry. 
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Chases  18  in.  square  have  been  left  in  the  end-walls  of  the  pits  for 
pressure  pipes;  these  walls  are  normally  3  ft.  thick. 

Many  of  the  pits  are  located  between  the  Station  Building  columns, 
so  that,  in  some  instances  two,  and  in  other  instances  four,  of  these 
columns  are  founded  below  the  floors  of  the  pits  and  encased  in  their 
walls.  The  entrances  to  the  pits  are  flared  at  45°,  these  flares  measur- 
ing 4  ft.  on  the  side;  and  riveted  plate-girder  lintels  are  built  into 
the  subway  roof  to  support  it  across  these  flared  openings. 

The  presence  of  the  Station  Building  column  foundations  and  the 
necessity  for  setting  these  columns  as  a  part  of  the  lift  pit  structures 
made  the  construction  of  the  latter  quite  complicated  in  many  in- 
stances. To  avoid  too  much  delay  in  the  construction  of  the  pits,  the 
Station  Building  columns  in  question  were  spliced  just  above  sub- 
grade,  and  the  lower  sections  were  manufactured  and  delivered  to  the 
substructures  contractors  and  erected  by  them,  thus  facilitating 
progress  in  the  construction  of  the  pits. 

In  general,  the  construction  of  the  lift  pits  proceeded  about  as 
follows : 

The  pits  were  excavated;  a  base  course  of  concrete  was  laid;  the 
concrete  facing  was  carried  up  against  the  face  of  the  ledge  where 
the  pits  were  wholly  in  solid  rock,  or  backing-walls  were  constructed 
where  the  pits  were  partly  in  earth,  to  about  the  level  of  the  adjoining 
subway  floor  base.  The  basin  thus  formed  was  water-proofed,  after 
which,  the  Station  Building  column  foundations  were  set,  and  the 
lower  lengths  of  these  columns  were  erected.  A  concrete  base,  of 
the  width  of  the  side-walls,  was  placed  and  on  it  the  side-wall  studding 
was  erected.  Then  the  reinforced  concrete  floor  was  immediately  com- 
pleted; after  which,  the  side-wall  masonry  was  placed,  the  water- 
proofing completed  on  the  outside  wherever  practicable,  and  backed 
up  with  masonry.  In  some  instances  it  was  necessary  to  complete  the 
backing-walls  and  water-proofing  before  the  side-wall  studding  was 
erected. 

Under -Drainage  System.— The  summit  of  the  track  grades  in  the 
terminal  area  is  about  10  ft.  below  mean  high  water  and  about  35  ft. 
below  the  general  sewer  level,  and  a  considerable  portion  of  the 
terminal  yard  west  of  Eighth  Avenue  is  open  to  the  weather. 

An  elaborate  under-drainage  system  is  provided,  that  portion  under 
the  covered  area  being  designed  to  dispose  of  seepage  from  beneath 
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the  enclosing  retaining  walls,  from  fissures  in  the  ledge,  water  from 
springs,  and  drip  from  equipment  and  platform  surfaces.  An  esti- 
mate of  the  prohable  maximum  quantity  of  water  from  these  sources, 
based  on  experience  with  somewhat  similar  conditions,  formed  the 
basis  of  the  design  for  that  portion  of  the  drainage  system  under  the 
covered  area. 

Open-joint,  cast-iron,  drain  pipes,  varying  from  6  to  12  in.  in  diam- 
eter, are  laid  in  concrete  cradles  longitudinally  of  the  terminal  at  inter- 
vals of  about  50  ft.  from  center  to  center.  The  tops  of  these  pipes  are 
about  3  ft.  below  the  top  of  rail.  The  open-joint  drain  trenches  are 
back-filled  to  sub-grade  with  clean  broken  stone  to  insure  the  proper 
leaching  of  surface-water. 

The  subway  system  hereinbefore  described  divides  the  terminal  area 
into  drainage  zones,  and  the  longitudinal  drain  lines  are  intercepted 
by  caulked-joint  collector  drains  adjacent  to  these  subways,  which,  in 
turn,  are  extended  to  sumps,  whence  the  water  is  pumped  to  the  city 
sewers.  The  caulked-joint  collector  drains  vary  in  diameter  from 
8  to  2-4  in.  They  are  also  laid  in  concrete  cradles,  and  at  sufficient 
depth  to  permit  them  to  pass  under  the  conduit  lines  and  in  some 
eases  under  the  subways. 

The  longitudinal  drainage  system  is  laid  at  approximately  the  same 
rate  of  grade  as  the  track,  and  sloped  east  and  west  from  the  summit 
of  grades  about  500  ft.  west  of  Seventh  Avenue.  At  the  point  of 
beginning  of  each  longitudinal  drain  line,  a  Y -branch,  embedded  in 
concrete  and  provided  with  a  removable  cap,  forms  a  clean-out.  There 
are  intermediate  clean-out  manholes  at  intervals  of  about  200  ft.  on 
these  drain  lines,  and  manholes  on  all  collector  drain  lines  at  the 
intersections  of  the  longitudinal  drains.  Such  of  the  latter  manholes 
as  are  adjacent  to  sumps  have  chambers  about  3  ft.  deep  below  the 
lowest  outlet,  and  are  known  as  sump  manholes,  the  purpose  of  the 
deepened  chamber  being  to  permit  of  the  accumulation  and  removal 
of  silt,  in  so  far  as  practicable,  outside  of  the  sumps.  All  drainage 
manholes  *e  of  New  York  City  standard  sewer  manhole  type,  with 
granolithic  top-dressed  concrete  floors,  8-in.  brick  walls,  galvanized- 
iron  ladder  rungs,  and  cast-iron  heads  and  covers.  There  are 
Y-branches  in  the  drain  lines  directly  in  front  of  the  enclosing  retain- 
ing walls,  at  intervals  of  25  ft.  These  Y-branches  are  connected  directly 
to  weep-holes  through  the  walls  wherever  practicable.     The  entire  zone 
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between  the  summit  of  track  grade  and  the  easterly  end  of  the  Easterly 
Portion  contract  drains  into  a  sump  located  just  west  of  Seventh 
Avenue  and  south  of  the  32d  Street  approach.  This  sump  is  a  two- 
story  structure,  the  bottom  of  which  is  22  ft.  6  in.  below  sub-grade, 
its  roof  being  at  track  level.  The  sump  chamber  is  23  by  18  by  10  ft., 
and  above  this  is  the  machinery  room,  23  by  18  by  12  ft.  Provision 
has  been  made  for  electrically-operated,  centrifugal  pumps  to  be  set 
up  on  the  floor  of  the  machinery-room.  This  room  is  connected  by  a 
door  with  the  adjacent  pipe  subway.  The  suction  pits  are  in  the 
floor  oi  the  sump  chamber.  This  sump  discharges  through  a  20-in. 
pipe  into  a  private  sewer  built  under  the  west  sidewalk  of  Seventh 
Avenue,  which,  in  turn,  connects  with  the  city  sewer  at  Seventh 
Avenue  and  31st  Street. 

A  zone,  immediately  west  of  the  track  grade  summit  and  south 
of  the  longitudinal  trucking  subway,  discharges  into  a  sump  having 
a  capacity  of  1  000  gal.  per  min.,  built  beneath  the  floor  of  the  sub- 
basement  under  the  south  sidewalk  of  31st  Street  in  front  of  the 
Service  Building.  This  sump  has  electrically-driven,  centrifugal 
pumps  which  discharge  through  an  8-in.  pipe  into  the  31st  Street 
sewer.  The  remaining  area  of  the  westerly  slope  east  of  Ninth  Avenue 
empties  into  a  sump,  having  a  capacity  of  14  500  gal.  per  min.,  just 
east  of  Ninth  Avenue  and  south  of  33d  Street.  This  sump  is  a  two- 
story  structure,  the  floor  of  the  chamber  being  about  28  ft.  6  in.  below 
sub-grade,  and  the  top  of  the  roof  about  flush  with  the  top  of  rail. 

The  sump  chamber  is  L-shaped,  the  main  dimensions  being  48  by 
22  by  11  ft.,  and  over  this  is  located  the  machinery-room,  the  main 
dimensions  of  which  are  48  by  22  by  13^  ft. 

Provision  has  been  made  for  three  electrically-driven,  centrifugal 
pumps  (two  of  which  have  been  installed)  with  direct-connected 
motors,  the  latter  being  set  up  on  the  floor  of  the  machinery-room. 
This  room  is  connected  by  a  door  with  the  adjacent  pipe  subway.  The 
suction  pits  are  in  the  floor  of  the  sump  chamber.  This  sump  dis- 
charges through  a  30-in.  pipe  into  the  Ninth  Avenue  sewer. 

The  entire  westerly  slope  west  of  the  east  line  of  Ninth  Avenue 
drains  into  a  sump  having  a  capacity  of  8  200  gal.  per  min.,  which  is 
just  east  of  Tenth  Avenue  and  south  of  the  tunnel  portal.  This  sump 
is  a  two-story  structure,  the  floor  of  the  chamber  being  about  25  ft. 
below  sub-grade,  and  the  top  of  the  roof  about  flush  with  the  top  of 
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Note  In  some  cases  watur-proofing 
was  protucted  on  outside  of 
side  walls  by  Terra  Cotta  tiles 
instead  of  coacrete  as  shown. 

Fig.  3. 
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rail.  The  sump  chamber  is  40  by  11  by  10^  ft.,  and  over  this  there  is 
an  L-shaped  machinery-room,  the  main  dimensions  being  40  by  11  by 
14  ft.  Provision  has  been  made  for  electrically-operated,  centrifugal 
pumps,  to  be  set  up  on  the  floor  of  the  machinery-room.  The  suction 
pits  are  in  the  floor  of  the  sump  chamber.  This  sump  discharges 
through  a  24-in.  pipe  into  the  Tenth  Avenue  sewer. 

The  sump  pit  floors  throughout  are  of  concrete.  The  side-walls 
of  the  Seventh  Avenue  and  Service  Building  sumps  are  of  concrete 
and  have  a  gravity  section.  The  side-walls  of  the  Ninth  and  Tenth 
Avenue  sumps  are  of  steel  studs  with  concrete  between.  The  inter- 
mediate floors  and  roofs  of  all  sumps  are  of  steel  beam  framing,  with 
reinforced  concrete  slabs  and  concrete  beam  haunches.  The  walls  of 
the  sumps  above  the  floor  level  of  the  machinery-rooms,  and  the  roofs 
of  the  sumps,  are  made  water-tight  with  pitch  and  felt  water-proofing 
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protected  by  masonry.  There  are  vault  lights  in  a  portion  of  the  roof 
of  the  Ninth  Avenue  sump  to  afford  light  for  the  machinery-room. 
There  are  staircases  in  the  Seventh,  Ninth,  and  Tenth  Avenue  sumps 
for  access  to  sub-grade,  and  the  staircase  openings  in  the  Ninth  and 
Tenth  Avenue  sumps  are  protected  by  reinforced  concrete  hoods,  the 
roofs  of  which  are  covered  with  vault  lights.  Trolley  hanger-beams 
in  the  machinery-rooms  of  all  sumps  facilitate  the  erection  or  replace- 
ment of  machinery,  and  in  the  roofs  there  are  hatches,  with  water- 
tight covers,  for  the  same  purpose. 

Conduits. — Two  low-tension  conduit  banks,  three  ducts  wide  and 
six  ducts  deep,  and  two  high-tension  conduit  banks,  two  ducts  wide 
and  six  ducts  deep,  are  laid  in  the  walls  of  the  tunnels  under  32d  and 
33d  Streets  east  of  the  Easterly  Portion  contract,  one  bank  of  each 
class  being  laid  in  each  tunnel  wall,  making  eight  duct  banks  in  all. 
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These  are  continued  westward  below  the  terminal  sub-grade  to  points 
opposite  the  Service  Building,  where  they  are  turned  southward  and 
connected  with  splicing  chambers  in  front  of  the  Service  Building 
sub-station. 

A  low-tension  conduit  bank,  four  ducts  wide  and  six  ducts  deep, 
and  a  high-tension  conduit  bank,  two  ducts  wide  and  six  ducts  deep, 
are  laid  in  the  north  and  south  walls  of  the  twin  tunnels  from  the 
North  Eiver,  making  four  banks  in  all.  These  are  connected  through 
splicing  chambers  at  the  tunnel  portal,  and  thence  extended  eastward 
below  the  terminal  sub-grade  to  a  point  opposite  the  Service  Building, 
where  they  are  turned  southward  to  splicing  chambers  in  front  of  the 
Service  Building  sub-station. 

Two  banks  of  telephone  and  telegraph  ducts,  each  three  ducts 
wide  and  seven  ducts  deep,  are  extended  on  either  side  of  the  core- wall 
of  the  North  Kiver  tunnel  portal  from  a  splicing  chamber  just  east 
of  Tenth  Avenue  eastward  below  the  terminal  sub-grade  to  a  point 
opposite  the  Service  Building,  where  they  are  distributed  through 
splicing  chambers  which  connect  through  shafts,  built  in  the  station 
platforms,  with  the  pipe  gallery  beneath  the  Station  Building.  Con- 
nections have  also  been  made  through  certain  splicing  chambers  to 
service  lines  in  Eighth  and  Ninth  Avenues.  There  are  splicing  cham- 
bers on  all  conduit  lines  at  intervals  not  greater  than  400  ft.,  and 
otherwise  where  the  lines  change  direction. 

The  ducts  are  laid  in  trenches  excavated  for  the  most  part  in  solid 
rock,  the  tops  of  the  completed  banks  being  about  1  ft.  below  sub- 
grade.  The  duct  banks  are  encased  in  brickwork  above  a  concrete 
base  and  completely  enveloped  in  a  water-proofing  of  four-ply  pitch 
and  felt,  which,  in  turn,  is  protected  by  4  in.  of  brickwork. 

The  original  design  required  that  the  ducts  should  be  encased  in 
concrete  and  that  all  water-proofing  protection  should  be  of  concrete; 
but,  as  it  was  feared  that  the  act  of  depositing  the  concrete  encase- 
ment would  distort  the  duct  bank  alignment,  and  force  open  the 
joints,  causing  plugging  of  the  ducts,  it  was  determined  to  substi- 
tute brickwork,  so  that  the  entire  masonry  of  the  ducts  above  the  con- 
crete base  could  be  executed  by  skilled  labor.  The  very  satisfactory 
result  obtained  justified  the  change  in  plan.  The  splicing  chambers 
have  concrete  floors,  brick  side-walls,  with  brick  partition  walls  in 
the  double  chambers,  and  roofs  of  steel  beams  and  concrete.     They 
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have  manhole  heads  of  cast-iron,  with  extension  tops  where  required, 
and  double  covers.  The  splicing  chambers  are  placed  between  the 
tracks  for  convenient  access.  They  are  water-proofed  with  four-ply 
pitch  and  felt,  which  is  protected  by  4  in.  of  brickwork  on  walls  and 
4  in.  of  concrete  on  roofs.  The  floors  of  these  manholes  are  drained 
by  pipe  connections  to  the  under-drainage  system. 


Standard  Secticn  L!l 
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LONGITUDINAL  SECTION  B-B 
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FOR  ELECTRrC  CONDUITS 
SCALE   IN   FEET 


1 1 1 
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Building  Foundations. — Between  the  tracks  and  in  the  platforms 

there  are  650  columns  for  the  support  of  the  Station  Building.     These 

columns   bear   on   cut  granite  templates   or  steel   grillages   of  one  or 

more  tiers,   underpinned  to   solid   rock  by  concrete  piers   varying   in 
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Fig.   1. — Electric   Conduits,   Pipe   Subway.    Thirty-first    Street    Bridge,   and 
Service  Building,   Dl-ri.xg   Co.xstruction. 


Fig.   2. — Pipe  Subway  and  Foundations   During  Construction. 
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dimensions  from  2  by  2J  ft.  to  10^  by  14  ft.  The  column  loads  vary 
from  10.5  to  1  G58  tons.  Grillage  bearings  were  substituted  for  cut 
granite  cap-stones  where  the  loads  prohibited  an  economical  use  of 
the  latter.  Many  columns  are  located  so  that  their  foundations  form 
an  intcgi-al  part  of  the  other  substructures,  as  in  the  case  of  columns 
surrounding  elevator  pits,  hereinbefore  described,  and  columns  at  junc- 
tions of  pipe  subways.  Many  other  columns  are  adjacent  to  pipe 
and  trucking  subways,  conduit  lines,  splicing  chambers,  manholes,  etc., 
the  excavation  for  which,  on  account  of  the  nature  of  the  rock  en- 
countered, required  that  column  foundations  be  excavated  at  least  to 
the  depth  of  the  excavation  for  the- adjacent  structures,  in  some  cases 
20  ft.  or  more  below  sub-grade. 

The  200  columns  for  the  support  of  the  U.  S.  Post  Office  Build- 
ing, west  of  Eighth  Avenue  are  located  between  the  tracks  and  in 
the  platforms,  and  bear  on  cut  granite  cap-stones  and  steel  grillages 
which  are  underpinned  to  solid  rock  by  concrete  piers.  These  founda- 
tions are  similar  in  character  to  those  for  the  Station  Building.  They 
vary  in  dimensions  from  2  ft.  2  in.  square  to  7i  by  13  ft.  The  excava- 
tion for  many  of  these  was  carried  to  the  bottoms  of  the  trenches  of 
adjacent  substructures.  The  specifications  for  the  substructures,  in 
respect  to  materials  and  workmanship,  do  not  vary  much  from  those 
quoted  in  Appendix  A. 

Station    Building    Steelwork. 

The  design,  fabrication,  and  erection  of  the  structural  steel  for 
the  Station  Building  was  one  of  the  most  difficult  problems  of  the 
entire  terminal.  The  work  of  design  was  begun  in  1902,  and  the  last 
shop  cards  were  checked  in  December,  1908.  Steel  deliveries  began 
in  May,  1907,  and  were  completed  in  April,  1909.  Erection  began 
about  May,  1907,  and  was  substantially  completed  in  September,  1909. 

The  first  contractors  for  the  manufacture  of  this  steelwork  went 
into  the  hands  of  receivers  in  June,  1907,  after  delivering  about  500 
tons  of  material.  They  had  prepared  7  877  shop  drawings,  nearly  all 
of  which  had  been  checked  by  the  engineers.  The  receivers  completed 
the  fabrication  and  delivery  of  about  1  800  tons  additional.  The  manu- 
facture and  delivery  of  the  remainder  of  the  material  was  re-let  to 
another  firm  of  contractors  who  found  it  necessary,  in  order  to  con- 
form to  their  shop  practice,  to  make  4  719  new  shop  drawings  for  their 
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work :  thus  almost  13  000  shop  drawings  were  prepared  for  the  Station 
Building  steelwork,  and  nearly  all  of  these  were  checked  by  the  en- 
gineers. 

The  engineers,  in  making  the  general  design  from  which  the  shop 
drawings  were  prepared,  were  for  several  years  in  constant  consulta- 
tion with  the  architects,  the  committees  and  representatives  of  the 
railroad,  and  the  engineers  in  charge  of  lighting,  heating,  ventilating, 
and  other  service  details,  in  order  that  the  steel  might  be  designed 
to  fit  the  architectural  and  service  requirements,  and  at  the  same 
time  conform  to  the  prescribed  clearances  and  permissible  column 
locations  at  track  level.  During  the  period  of  manufacture  many  im- 
portant changes  were  made  in  the  primary  arrangement  of  certain 
tracks  and  features  of  the  building,  and  these  introduced  some  con- 
fusion in  the  readjustment  of  drawings  already  made  and  occasionally 
of  steel  already  rolled  or  fabricated.  The  drafting  organization,  how- 
ever, finally  completed  all  revisions,  and  the  material  was  properly 
fabricated   and  erected. 

The  Station  Building  covers  the  site  between  Seventh  and  Eighth 
Avenues  and  between  West  31st  and  West  33d  Streets.  It  is  about 
775  ft.  long  and  about  430  ft.  wide.  It  is  set  back  about  19  ft.  from 
the  house  line  of  Seventh  Avenue,  13  ft.  from  the  house  lines  of  31st 
and  33d  Streets,  and  7  ft.  from  the  house  line  of  Eighth  Avenue,  thus 
affording  wider  sidewalks  than  are  customary.  The  fagades  on  the 
streets  and  avenues  rise  to  a  height  of  about  75  ft.  above  the  curb 
at  the  entrance  pavilions,  and  elsewhere  to  an  average  height  of  about 
65  ft.  above  the  curb.  The  portion  of  the  structure  enclosing  the 
general  waiting-room,  the  external  dimensions  of  which  are  325  by 
119  ft.,  rises  in  the  form  of  a  great  lantern  87  ft.  above  the  portions 
fronting  on  the  streets. 

The  cubical  contents  of  the  Station  Building,  measured  from  the 
track  level  to  the  average  roof  level,  is  about  40  000  000  cu.  ft. 

The  exterior  walls  of  the  biiilding  are  of  cut  granite,  in  solid 
and  ashlar  formation,  the  ashlar  being  backed  up  with  brickwork. 

All  interior  walls  are  of  brick  with  face-brick  finish,  or  of  brick- 
work covered  with  plaster,  artificial  stone,  marble,  granite,  or  com- 
binations of  these  facings,  according  to  the  architectural  treatment. 

Reinforced  concrete  floor  and  roof  slabs,  with  beam  haunches  of 
concrete,  have  been  used  throughout,  except  on  pitched  roofs,  where 
book  tiles  were  laid. 
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SECTION  Ta-ra  (ELEVATION  EAST  WALL) 
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The  total  estim;Ueil  weight  of  the  building,  adding  all  live  and 
dead  loads  together,  is  40.3  158  700  lb.,  or  231  579  tons. 

The  building  is  superimposed  over  the  tracks,  which  are  spaced 
so  that  the  columns  could  be  placed  between  them.  Owing  to  the 
nature  of  the  problem  as  a  whole,  but  owing  particularly  to  the  rela- 
tion of  the  building  to  the  track  layout,  it  was  determined  to  adopt, 
in  so  far  as  practicable,  the  "cage"  type  of  steel  structure,  with  sup- 
porting columns  founded  at  or  below  track  level. 

The  column  locations  at  track  level  were  fixed  by  the  track  lay- 
out and  clearances,  which  were  determined  in  advance  of  the  prepara- 
tion of  drawings  for  the  Station  Building;  and,  in  providing  for  the 
support  of  the  building  walls  above,  unusual  girder  and  offset  column 
arrangements  were  required  in  many  places. 

Outline  drawings  of  the  building  were  prepared  by  the  archi- 
tects and  submitted  to  the  engineers,  for  preliminary  determination 
of  column  locations,  floor  gradients  below  street  levels,  sidewalk 
gradients,  types  of  frames  for  the  various  sections  of  the  building, 
stability  of  cornices,  and  other  details. 

The  exact  dimensions  and  character  of  the  building  masonry 
were  determined  by  the  architects  from  time  to  time  after  the  engi- 
neers' preliminary  structural  studies  of  the  various  sections  of  the 
building  were  completed.  Subsequently,  the  working  drawings  of  the 
steel   were  prepared   ready  for  the  manufacturer. 

An  examination  of  the  outline  drawings  first  submitted  by  the 
architects  disclosed  the  fact  that  the  station  was  made  up  of  many 
large  inter-connected  buildings,  more  or  less  structurally  dissimilar; 
hence,  for  convenience  and  to  facilitate  progress  in  design,  the  prob- 
lem was  separated  into  its  several  component  parts,  namely:  the 
Seventh  Avenue  Building,  the  31st  Street  Building,  the  Eighth 
Avenue  Building,  the  33d  Street  Building,  the  Easterly  Train  Sheds, 
the  Arcade,  the  Kestaurant,  the  General  Waiting-Room,  the  Sub- 
Waiting-Rooms,  and  the  Concourse.  These  subdivisions  were  sepa- 
rately assigned  to  assistants,  each  in  charge  of  several  draftsmen,  and 
the  preliminary  studies,  final  designs,  and  working  drawings  were 
prepared,  several  subdivisions  being  advanced  at  one  time,  and  prop- 
erly correlated. 

It  was  determined  that  the  tier  plans  should  be  made  on  a  scale 
of  I  in.  per  ft.,  which  was  the  scale  adopted  for  the  working  draw- 
ings of  tracks  and  all  other  structures,  the  purpose  being  to  have  all 
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constructive  features  of  the  terminal  laid  out  on  a  scale  which  would 
permit  of  ready  comparison  with  the  track  layout.  The  scale  adopted 
for  tier  plans  was  also  adopted  for  sections  and  elevations.  Typical 
details  of  columns,  girders,  trusses,  and  important  connections  were 
prepared  on  a  scale  of  ^  in.  per  ft. 

As  the  preliminai-y  studies  advanced,  a  scheme  was  laid  down,  and 
key  diagi-ams  were  prepared  for  the  guidance  of  the  draftsmen 
in  making  the  working  drawings.  These  diagrams  showed  the  various 
tiers,  up  to  the  ceiling  of  the  lantern,  divided  into  four  eqiial  parts. 
Each  of  these  parts  was  numbered  in  brown  ink  prominently  on  its 
plan  for  ready  identification.  The  sheets  required  to  illustrate  one- 
fourth  of  a  tier  plan  on  a  scale  of  i  in.  per  ft.  were  each  36  by  60  in., 
allowing  a  border  of  1  in.  all  around.  The  ceiling  and  roof  tiers  of  the 
general  waiting-room  lantern  were  divided  into  two  equal  parts.  One-half 
of  the  two  tiers  was  shown  on  one  sheet  of  the  foregoing  dimensions. 

The  key  diagrams  indicate  the  section  lines  and  their  lettering, 
and  these  lines  and  letters  are  correspondingly  shown  on  all  working 
drawings.  To  illustrate  the  scope  and  intent  of  the  vertical  sections, 
additional  key  diagrams  were  prepared  on  which  were  indicated  the 
cutting  lines  of  the  various  tiers,  and  these  were  all  lettered  to  cor- 
respond with  the  letters  chosen  for  the  tiers. 

Brief  specifications  were  prepared  for  the  guidance  of  the  de- 
signers, and  each  responsible  assistant  was  provided  with  a  copy. 

The  following  system  of  column  numbering  was  adopted :  The 
east  and  west  lines  of  columns  were  numbered  from  100  to  2  000,  be- 
ginning at  the  south  and  running  north,  the  ruling  column  number 
being  on  the  extreme  westerly  line,  the  numbers  increasing  eastward 
on  the  east  and  west  lines.  There  were  20  main  east  and  west  column 
lines  and  35  main  north  and  south  column  lines,  and,  by  this  system, 
the  approximate  location  of  any  column  was  readily  determined  by  its 
number.  Columns  off  the  main  lines  were  given  the  number  of  the 
nearest  lined  column  with  compass  point  suffixes,  as  d21-NE. 

Reactions  were  recorded,  in  thousands  of  pounds  underscored,  at 
the  ends  of  all  girders  and  trusses,  also  at  the  ends  of  all  beams  re- 
quiring special  connections.  The  sizes  of  all  beams  and  the  materials 
for  all  girders  were  noted  against  the  pieces  on  the  working  draw- 
ings. The  column  material  was  given  in  the  several  column  schedules. 
The  material  for  trusses  was  shovm  on  typical  details  of  the  same. 
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ERECTION    PLAN 


SECTION  MM 
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The  architectural  outline  was  shown  in  bro\vn  ink  on  every  working 
drawing. 

By  agreement  with  the  architects,  it  was  determined,  except  where 
tlie  building  law  governed,  that  the  distance  from  steel  to  face  of 
stonework  should  not  be  less  than  4i  in,,  and  the  distance  from  steel 
to  face  of  plaster  or  artificial  stone  should  not  be  less  than  2  in.  It 
was  also  determined  that  the  distance  from  the  tops  of  finished  side- 
walls  to  the  tops  of  sidewalk  beams  should  be  2i  in.,  and  that  the 
distance  from  the  tops  of  finished  floors  to  the  tops  of  beams  should 
be  5  in.,  except  for  the  floors  of  brick-paved  driveways,  where  the 
distance  from  the  top  of  the  paving  to  the  tops  of  the  beams  was 
13  in. 

The  drawings  prepared  by  the  engineers  comprised  66  working 
drawings  (tier  plans  and  sections),  7  column  schedules,  56  sheets  of 
details,  and  40  sheets  of  studies  for  revisions  and  additions,  a  total 
of  162  drawings.  Copies  of  these  drawings  were  submitted  to  the 
architects  for  check  as  to  relation  of  steelwork  to  masonry  and  finished 
wall  surfaces  before  they  were  issued  to  the  manufacturers. 

Working  drawings  were  prepared  on  record  sheets  of  white  mounted 
drawing  paper,  with  a  bending-moment  diagram  shown  thereon  against 
each  girder  and  reaction,  recorded  in  the  manner  previously  stated. 
All  the  work  was  checked  independently,  and  each  sheet,  with  the 
exception  of  its  strain  diagrams,  was  traced  on  tracing  cloth.  The 
strain  diagrams  of  all  trusses  and  bracing  were  entered  in  a  record 
book  from  which  the  typical  detail  sheets  of  these  frames  were  pre- 
pared. 

All  columns  were  designed  to  support  the  total  estimated  dead 
and  live  loads  without  reduction.  The  effect  of  eccentric  loads  was 
provided  for,  and  an  effort  was  made  throughout  to  render  the 
structure  stable  without  dependence  on  masonry  walls.  Where  granite 
columns  occur,  however,  the  architects  elected  to  omit  the  steel  columns 
which  were  originally  designed  to  be  encased  in  them;  hence,  at  such 
points  on  the  facades,  the  steelwork  stops  under  the  granite  columns 
and  bears  on  top  of  them. 

The  design  of  the  ceilings  of  the  carriage  driveway  entrances, 
at  the  comers  of  31st  and  33d  Streets  and  Seventh  Avenue,  required 
that  the  attic  floors  be  supported  partly  by  suspension  from  the  roofs, 
and  this  rather  unusual  method  was  carried  out. 
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The  Seventh  Avenue  Building  crosses  the  tracks  at  the  wide  end 
of  the  fan-shaped  easterly  approaches,  and,  owing  to  the  track  ar- 
rangement, the  lower  lengths  of  the  columns  were  spaced  at  varying  in- 
tervals longitudinally  of  the  building,  and  many  of  them  were  offset 
north  or  south  of  the  supei'structure  columns.  Owing  to  this  offset  col- 
umn arrangement,  the  spans  of  the  girders  supporting  the  main  front 
wall  and  granite  colonnade  vaiy  from  16  ft.  2  in.  to  53  ft.  4  in.  from 
center  to  center  of  columns,  and  the  girders  vary  in  depth  from  3  to  10 
ft.  Certain  of  the  largest  girders  are  of  box-section  with  two  web-plates. 
The  granite  columns  bear  on  steel  X-beam  grillages,  which,  in  turn, 
rest  on  the  main  wall  girders  and  longitudinal  girders  under  the 
granite  colonnade  beneath  the  sidewalk.  The  column  line  beneath 
the  granite  colonnade  has  no  floors  attached  to  it  except  under  the 
main  entrance  vestibule.  To  provide  for  the  general  stability  of  these 
columns,  a  horizontal  stiffening  system  is  introduced  between  the 
girders  near  the  tops  of  the  columns  under  the  granite  colonnade, 
and  attached  to  the  lower  lengihs  of  the  columns  under  the  main 
fagade.  A  vertical  bracing  system  is  also  introduced  transversely 
between  the  girders  and  columns  in  these  two  lines,  and  is  connected 
up  to  the  columns  which  are  provided  outside  of  the  latter  under  the 
entrance  pavilions.  This  vertical  bracing  system  is  carried  down  to 
the  column  bases.  A  vertical  bracing  system  is  also  introduced  longi- 
tudinally between  the  columns  of  one  short  panel  under  the  colonnade 
south  of  the  north  carriage  driveway  entrance,  terminating  in  portal 
bracing  above  the  under-clearance  line.  A  similar  panel  of  bracing  is 
introduced  under  the  colonnade  just  north  of  the  south  carriage  drive- 
way entrance,  and  this  latter  system  is  carried  down  to  the  column 
bases.  Struts  of  four  angles,  double-latticed  on  all  sides,  are  framed 
between  all  other  steel  columns  under  the  granite  colonnade,  longitu- 
dinally, at  approximately  the  elevation  of  the  lower  floor  of  the  Seventh 
Avenue  Building. 

The  lower  lengths  of  the  columns  i;nder  the  carriage  driveways 
on  31st  and  33d  Streets  are  braced  below  the  floors  to  the  under- 
clearance  line  in  tower  formation.  The  columns  of  the  carriage  drive- 
ways are  at  intervals  of  30  ft.  6^  in.  from  center  to  center  longitu- 
dinally, 46  ft.  from  center  to  center  transversely  in  the  south  drive- 
way, and  50  ft.  from  center  to  center  transversely  in  the  north  drive- 
way.    The  floors  of  these  driveways  slope  from  the  street  entrances 
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Fig.   1. — Station  Area,  from  Eighth  to   Ninth  Avenue,   Showing  Sub- 
structures. 


Fig.  2. — Concourse  Roof  During  Erection. 
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to  the  entrance  to  the  baggage-room  wagonways  at  a  rate  of  more 
than  G%,  and  these  inclined  floors  are  framed  in  the  following  manner: 
Single-web  girders,  72^  in.  deep,  are  framed  transversely  between  the 
columns,  and  are  face-connected  to  the  latter,  with  the  tops  of  the 
girders  about  12  in.  below  the  top  of  the  finished  pavement.  Two 
inclined  longitudinal  girdei-s,  with  top  flanges  2  ft.  4  in.  below  the  top 
of  the  pavement,  are  framed  between  the  webs  of  the  transverse  girders, 
thus  dividing  each  panel  transversely  into  three  equal  spans.  The 
floor-beams  are  15-in.  I's,  at  about  6  ft.  from  center  to  center,  framed 
across  the  carriage  driveways,  bearing  on  top  of  the  inclined  girders, 
and  framed  at  the  ends  to  the  webs  of  the  horizontal  wall  girders, 
which  are  framed  longitudinally  between  the  columns  at  suitable 
elevations  to  receive  the  floor-beams  and  the  masonry  base  course, 
which  change  elevation  in  each  panel  to  suit  the  inclined  floor.  The 
floor-beams  are  stayed  at  the  intermediate  girder  bearings  by  bent 
plates  set  on  the  lower  side  of  the  incline,  and  riveted  to  the  top 
flanges  of  the  girders  and  to  the  webs  of  the  floor-beams  near  the  top 
of  the  latter.  The  tops  of  the  floor-beams  are  set  13  in.  below  the  top 
of  the  pavement. 

The  vaulted  ceilings  of  the  Seventh  Avenue  vestibule  and  arcade 
are  constructed  of  angles  suspended  from  the  roof  trusses.  The  ceil- 
ing angles  at  the  intersection  of  the  lunettes  and  the  main  longitu- 
dinal vault  of  the  arcade  ceiling  have  constantly  changing  planes  in 
both  directions,  and  the  development  of  these  taxed  the  ingenuity 
of  the  template  maker. 

The  easterly  train-sheds  are  supported  by  the  wall  columns  of 
the  arcade  shops,  the  columns  of  the  north  wall  of  the  south  carriage 
driveway,  and  the  columns  of  the  south  wall  of  the  north  carriage 
driveway.  These  train-sheds  have  pitched  hipped  roofs,  and  are  each 
152  ft.  8i  in.  long  and  115  ft.  6  in.  wide.  Each  has  a  longitudinal 
monitor,  91  ft.  li  in.  long  and  20  ft.  4  in.  wide.  The  portions  of  these 
roofs  adjacent  to  the  arcade  shops  and  driveways  are  depressed  be- 
tween the  transverse  trusses  for  a  width  of  17  ft.  and  made  flat. 
There  are  flat  connecting  roofs  with  warped  surfaces  between  the 
train-shed  roofs  and  the  walls  of  the  restaurants  and  the  Seventh 
Avenue   Building. 

The  main  transverse  trusses  of  the  easterly  train-sheds  are  of  the 
quadrangular  type,  115  ft.  long,  with  curved  bottom  chords  and  with 
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top  chords  laid  at  roof  pitch,  except  across  the  monitors,  where  they 
are  horizontal.  These  trusses  are  30  ft.  6^  in.  from  center  to  center, 
are  14  ft.  deep  at  the  center,  and  have  panel  points  10  ft.  2  in.  from 
center  to  center  between  the  flat  depressed  roofs  above  referred  to. 
The  end  panels  adjacent  to  these  depressed  roofs  have  solid-plate  webs. 
The  end  connections  on  each  truss  were  shipped  blank,  and  drilled  in 
the  field,  using  the  column  connection  angles  as  templates.  The 
trusses  were  shipped  partly  riveted  up,  with  provision  for  two  field 
splices  in  the  top  chords  and  three  field  splices  in  the  bottom  chords. 
The  web  members  of  the  six  central  panels  were  shipped  loose.  The 
trusses  were  assembled  at  the  site  and  completely  bolted  up,  after  which 
they  were  raised  into  position  by  the  simultaneous  operation  of  two 
independent  hoists,  one  on  either  side  of  the  roof  structure.  They 
were  supported  temporarily  at  their  ends  on  seat  angles  riveted  to  the 
columns  under  the  connection  angles.  The  trusses  were  afterward 
tested  for  deflection,  and  correctly  lined  and  leveled,  after  which  the 
end  connections  were  drilled  and  riveted.  Rivets  were  substituted  for 
bolts  in  the  truss  joints  after  the  roof  structure  was  completely  fitted 
up  and  adjusted.  Vertical  sway  frames,  designed  to  act  as  purlins, 
were  connected  between  the  trusses  at  each  panel  point.  A  monitor 
frame  was  built  up  on  top  of  the  trusses  and  sway  frames.  Rafters, 
composed  of  two  6-in.,  8-lb.  channels,  back  to  back,  attached  to  the 
top  chords  of  the  purlins,  divide  each  roof  panel  into  three  equal 
divisions.  Between  and  flush  with  the  rafters  6-in.  channel  jack- 
rafters  are  framed  at  intervals  of  about  5  ft.  from  center  to  center. 
The  depressed  portions  of  the  roof  are  framed  with  10-in.  I-beams 
at  intervals  of  about  6  ft.  from  center  to  center,  supported  on  the 
bottom  chords  of  the  roof  purlins  on  one  end,  and  framed  to  the 
girders  in  the  walls  of  adjoining  buildings  on  the  opposite  end.  This 
depressed  portion  of  the  roof  is  covered  with  vault  lights;  the  re- 
mainder of  the  roof  is  covered  with  a  glass  skylight. 

The  general  waiting-room  is  an  immense  cathedral  clerestory, 
320  ft.  long  and  112  ft.  10  in.  wide,  from  center  to  center  of  wall 
columns,  143  ft.  from  the  floor  to  the  highest  point  of  the  ceiling,  and 
167  ft.  from  the  floor  to  the  highest  point  of  the  roof.  The  floor  of 
this  room  is  about  27  ft.  above  the  top  of  rail,  and  a  pipe  gallery 
floor  is  framed  beneath  it  and  above  the  train  clearance. 

The  general  waiting-room  is  enclosed  to  an  elevation  about  37  ft. 
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below  the  highest  point  of  the  roof  by  carriage  driveways  on  the 
north  and  south,  restaurants  and  an  arcade  vestibule  on  the  east,  and 
tlie  sub-waiting-rooms  and  concourse  vestibule  on  the  west.  In  the 
four  corners  of  the  general  waiting-room  structure  there  are  stair- 
case towers,  each  18  ft.  6  in.  by  20  ft.  6  in.  from  center  to  center  of 
tower  columns.  The  ceiling  is  arched  east  and  west  between  these 
towers,  and  is  divided  north  and  south  between  the  towers  into  three 
immense  vaults  which  have  been  constructed  of  bent  steel  beams 
suspended  from  channel-iron  purlins  framed  between  the  trusses. 

The  roof  is  a  series  of  intersecting  gables,  three  transverse  and 
one  longitudinal.  A  simple  mill-building  type  of  frame  was  adopted 
for  the  lofty  lantern  of  this  room,  with  A-shaped  main  and  gable 
trusses,  19  ft.  and  21  ft.  deep  at  the  center,  and  knee-braced  to  the 
columns.  Ridge  trusses,  94  ft.  long,  and  of  the  full  depth  of  the 
gable  trusses,  are  framed  between  the  latter  in  each  transverse  gable. 
Longitudinal  ridge  trusses,  each  about  44  ft.  long,  and  of  the  full 
depth  of  the  main  trusses  and  transverse  ridge  trusses,  are  framed 
between  the  latter.  The  valley  trusses  and  groin  trusses  at  the  ceil- 
ing vault  intersections  are  framed  between  the  ridge  trusses  and  the 
columns.  All  trusses  have  single  web  systems.  The  rafters  are  10-in., 
15-lb.  channels,  about  5  ft.  6  in.  from  center  to  center;  bearing  on  and 
attached  to  the  I-beam  purlins  which  are  framed  between  the  gusset 
plates  of  the  truss  panel  points. 

The  desired  architectural  effect  of  massive  walls  has  been  obtained 
by  furring  the  interior  face  of  the  general  waiting-room  in  steel 
framework,  faced  with  stone  and  artificial  stone,  the  masonry  walls 
being  placed  on  the  outside.  This  method  reduced  the  dead  load  to  a 
minimum,  and  provided  space  for  pipes,  and  also  for  heating  and 
ventilating  ducts. 

The  steel  columns  which  support  the  vertical  loads  from  the  roof 
and  ceiling  are  inside  of  the  free-standing  architectural  cohmms 
and  9  ft.  5  in.  from  the  center  of  the  wall  columns.  The  wall  columns 
are  directly  back  of  these  free-standing  columns,  and  other  wall 
columns  are  introduced  opposite  pilasters  in  the  walls  of  the  restaurants 
and  sub-waiting-rooms,  below  the  roofs  of  the  latter,  and  in  the  mul- 
lions  of  the  semicircular  openings  of  the  lantern  walls.  These  mullion 
columns  are  in  most  instances  offset  from  the  lower  wall  columns, 
resulting  in  the  introduction  of  heavy  girders  at  the  adjoining  roof 
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levels  to  transfer  the  loads.  Owing  to  the  relation  of  the  general 
waiting-room  to  the  tracks,  certain  important  wall  columns  are  sup- 
ported on  girders  at  the  general  waiting-room  floor  level,  and  these 
g-irders,  which  are  of  full  depth  between  the  general  waiting-room 
floor  and  the  pipe  gallerj^  floor,  transfer  the  loads  to  other  columns 
founded  at  track  level. 

Wall  beams  and  girders  are  introduced  at  the  floor  tiers,  ceiling, 
and  roof  tiers  of  adjacent  buildings,  and  otherwise  at  intervals  of 
approximately  20  ft.  in  the  height  of  the  wall,  for  the  support  of 
the  same. 

The  frame  of  the  general  waiting-room  is  designed  to  resist  a 
horizontal  wind  pressure  of  30  lb.  per  sq.  ft.  on  the  entire  exposed 
surface  of  the  lantern.  A  horizontal  lateral  system  is  framed  be- 
tween the  main  columns  and  the  wall  columns,  at  their  tops  on  the 
east  and  west  sides  of  the  lantern,  and  connected  up  to  the  tower 
columns  and  to  a  lateral  system  of  frames  between  the  towers  at  the 
north  and  south  ends,  thus  completely  banding  the  top.  The  wall 
columns  back  of  the  main  columns  are  connected  to  the  latter  above 
the  adjoining  roofs  by  a  vertical  system  of  bracing  through  which 
the  stresses  at  the  foot  of  the  knee-braces  on  the  main  columns  are 
transferred;  and  this  vertical  bracing  system  is  connected  at  its  foot 
through  the  adjoining  roof  trusses  or  directly  to  a  horizontal  system 
placed  in  the  roofs  of  the  sub-waiting-rooms  on  the  west,  and  below 
the  roofs  of  the  restaurant  on  the  east.  These  horizontal  systems 
are  in  turn  connected  up  to  vertical  bracing  systems  in  the  wall 
frames  at  the  north  and  south  ends  of  the  sub-waiting-rooms  and 
restaurants,  and  the  effect  of  wind  pressure  on  the  east  and  west 
walls  of  the  lantern  is  thus  taken  to  the  ground. 

The  tower  columns  are  braced  vertically  and  also  transversely  at 
every  tier  above  the  adjoining  roofs,  and  the  end  columns  of  the  towers 
and  the  intermediate  columns  of  the  north  and  south  walls  are  con- 
nected to  horizontal  trusses  built  through  the  roof  trusses  of  the 
attics  over  the  carriage  driveways.  Two  panels,  each  of  vertical  brac- 
ing and  portal  bracing,  between  the  east  and  west  wall  columns,  about 
midway  of  the  wall  lengths,  north  and  south  of  the  arcade  and  con- 
course vestibules,  are  provided  to  transfer  to  the  ground  the  effect  of 
wind  pressure  on  the  north  and  south  ends  of  the  lantern. 

All  wall  columns  of  the  lantern  are  designed  to  resist  wind  pressure 
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Fig.   1. — Arcade   Roof  Steel  During   Coxstruction. 
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in   addition   to   vertical   loads,  and   all   are  connected  at  the  top  aud 
bottom,  as  described  above,  to  the  horizontal  systems. 

The  effect  of  wind  from  any  direction  on  the  main  frame  of  the 
lantern  was  determined  and  provided  for. 

The  erectore  chose  to  build  a  timber  trestle  from  track  level  to 
roof  level  inside  of  the  general  waiting-room  columns,  the  purpose 
being  to  use  it  first  for  the  erection  of  the  steel  and  masonry  and 
afterward  as  a  scaffolding  from  which  to  finish  the  ceiling  and  interior 
walls. 

The  erection  of  the  lantern  of  the  general  waiting-room  was  not 
permitted  until  the  surrounding  sub-waiting-room,  restaurant,  and  car- 
riage driveway  structures  had  been  erected,  plumbed,  and  fitted  up, 
including  the  horizontal  systems  in  or  below  their  roofs,  provided  as 
above  described,  to  band  the  foot  of  the  lantern  structure.  The  roof 
trusses  were  shipped  knocked  down,  and  were  assembled  in  position 
by  blocking  above  the  trestle,  a  bolt  being  fitted  into  every  hole  in 
each  joint.  After  the  roof  was  completely  fitted  up,  lined,  leveled, 
measured,  and  correctly  adjusted,  rivets  were  substituted  for  bolts  in 
all  joints. 

The  concourse  roof  was  a  unique  and  unusual  structural  problem. 
It  is  made  up  of  three  barrels,  the  two  outer  of  85  ft.  10  in.  span 
and  the  center  barrel  of  95  ft.  4  in.  span,  running  east  and  west  and 
intersected  by  a  cross-barrel  of  98  ft.  span  running  north  and  south, 
thus  forming,  over  the  main  concourse  floor,  a  series  of  three  groined 
vaults  supported  on  steel  columns.  The  concourse  roof  columns,  east 
and  west,  are  at  intervals  of  27  ft.  8  in.  from  center  to  center  for  the 
two  bays  west  of  the  groined  roof,  and  26  ft.  8  in.  from  center  to 
center  for  the  single  bay  east  of  the  groined  roof. 

The  main  roof  structure  abuts  on  the  sub-waiting-rooms  on  the 
cast,  and  is  banded  by  a  lower  roof,  constructed  of  a  series  of  Guasta- 
vino  and  steel-framed  vaults,  on  the  other  three  sides,  which,  in  turn, 
connect  to  the  surrounding  buildings.  The  architectural  effect  of 
these  latter  roofs,  is  enhanced  by  small  steel  arches  framed  between 
the  columns  below  the  Guastavino  vaults. 

The  engineers'  original  design  for  the  concourse  roof  provided  for 
exposed  ties  in  the  outer  barrels  at  the  springing  line,  all  parts  to 
be  riveted,  but,  owing  to  the  desire  of  the  architects  to  omit  all  ex- 
posed   ties,    the    more    expensive    cantilever    arch    type,    anchored    to 
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the  surrounding  structure,  was  adopted  for  the  arches,  and  single- 
web  trusses  with  arch  efi'ect  below  the  finished  roof  line,  and  with 
the  remainder  of  the  trusses  extended  above  the  roofs  and  forming 
monitors  at  their  intersections,  were  adopted  for  the  groins. 

After  the  static  determinations  were  completed,  the  effect  of  tem- 
perature was  analyzed  and  provided  for  in  all  anchorage  details. 

The  main  columns  are  3  ft.  square,  and  some  of  these  have  an 
unsupported  length  of  68  ft.  9  in.  They  are  made  up  of  four  8  by 
8-in.  angles,  double-latticed  on  all  four  sides,  with  double-latticed 
diaphragms,  placed  horizontally,  at  intervals  of  about  every  10  ft. 
of  the  height  of  the  columns,  and  provided  with  riveted  bases  which 
have  vertical  diaphragms.  The  tops  of  these  unsupported  lengths 
of  columns  have  unique  details  for  splicing  the  upper  lengths,  which 
latter  are  built  with  branches  arranged  to  fit  the  arch  trusses  at  the 
tops  and  designed  to  continue  the  intrados  of  each  arch  to  the  cap  on 
the  lower  lengths  of  the  columns.  The  column  splice  detail  referred 
to  was  arranged  so  that  the  upper  length  of  columns  could  be  slipped 
on  over  it  and  take  bearing  on  the  cap  of  the  lower  length.  The 
rivets  in  these  splices  were  driven  by  the  aid  of  hand-holes  in  the 
upper  lengths  of  the  columns,  and  neatly-made  plates  were  tapped 
on  to  the  columns  flush  with  their  faces  after  the  riveting  was 
completed. 

Each  half  of  the  main  cantilever  arch  trusses  was  shipped  in  two 
sections,  with  field  splices  in  both  top  and  bottom  chords  located  in  the 
panel  on  the  column  side  of  the  anchorage  tie  connection.  At  the 
crown  joints  i  in.  play  was  left  between  the  two  complete  halves  of 
each  arch  truss,  and  fillers  were  provided  for  adjustment  between 
web  connection  angles.  The  main  arch  trusses  throughout  the 
structure  have  double  web  systems,  with  solid  plates  in  the  panels 
near  the  crown,  and  double  intersecting  angle  diagonals  and  double 
angle  radial  members  in  the  remaining  web  panels.  The  bottom 
chords  are  double-laced  between  the  panel  points  by  angle  lacing,  with 
angle  struts  transversely  at  each  panel  point.  The  top  chords  are 
covered  with  riveted  plates.  The  web  systems  of  these  trusses  are 
about  2  ft.  from  center  to  center;  the  trusses  are  about  2  ft.  deep, 
from  back  to  back  of  angles  at  the  crown,  and  have  a  depth  of  about 
6  ft.  7  in.,  from  back  to  back  of  angles  measured  radially  at  the 
highest  point  of  the  column  attachment.     Horizontal  ties,  with  vertical 
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Fig.  1. — Concourse  Roof  During  Construction. 


Fig.  2. — Concourse  Roof  Duhing  Construction. 
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strut  supports  above  the  columns,  are  framed  between  the  center  and 
outside  cantilever  arches  of  the  three  east  and  west  barrels,  with 
attachment  to  the  top  chord  of  the  arch  trusses  at  the  quarter  points. 
Triangular  frames,  with  similar  attachment  to  tlic  arch  trusses,  also 
attaciied  to  the  columns  in  the  north  and  south  building  walls,  and 
strutted  back  against  the  concourse  columns  above  the  Guastavino 
dome  roofs,  form  the  terminal  anchorages  of  the  outside  arches  of 
the  east  and  west  barrels.  Between  the  columns  which  support  the 
three  east  and  west  barrels,  small  double-latticed  ornamental  arches 
with  two  webs  are  framed  just  above  the  lower  lengths  of  the  columns. 
Above  these  arches  a  system  of  double-latticed  struts,  with  two  webs 
and  ornamental  portals,  hold  the  upper  lengths  of  the  columns  rigidly 
together.  The  main  cantilever  arches  of  the  north  and  south  intersect- 
ing barrel  were  made  in  two  halves,  and  each  half  was  shipped  in 
two  pieces,  with  field  splices  in  the  third  panel  above  the  columns. 
The  anchorage  ties  for  these  arches  are  attached  much  nearer  the  top 
than  in  the  case  of  the  other  arches  hereinbefore  described.  The 
stresses  from  these  ties  are  transmitted  through  the  frames  at  the  tops 
of  the  opposite  columns,  and  thence  through  the  triangular  terminal 
anchorage  frames  to  the  columns  in  the  Eighth  Avenue  Building, 
and  in  the  west  face  of  the  concourse  roof,  on  the  one  hand,  and 
through  the  medium  of  frames  built  between  the  sub-waiting-room 
roof  trusses  into  the  columns  on  the  east  face  of  the  concourse,  and 
in  the  west  wall  of  the  general  waiting-room,  on  the  other  hand. 

The  intermediate  columns,  placed  in  the  mullions  of  the  tympana 
at  the  vertical  faces  of  the  main  concourse  roof,  have  slotted  con- 
nections at  their  tops  to  the  bottom  chords  of  the  cantilever  arches. 

The  diagonal  trusses  at  the  groined  intersections  are  about  17  ft. 
deep  at  the  apex  joints  and  about  13  ft.  7  in.  deep,  measured  radially, 
at  the  knuckles  in  the  top  chords.  These  trusses  have  redundant 
members  in  order  to  give  the  desired  arch  effect  below  the  roof 
lino.  They  were  shipped  knocked  down,  and  were  assembed  at  the 
site,  a  bolt  being  fitted  in  every  field  hole,  after  which  they  were 
raised  into  position.  One  diagonal  truss  in  each  panel  was  assembled 
complete  and  designed  to  support  the  two  halves  of  the  opposite 
diagonal  truss  which  were  framed  to  it  at  the  apex  joint.  Between 
the  main  truss  panel  points  12-in.  I-beam  purlins  are  framed,  and 
are  banded  by  two  equally-spaced  steel  plate  and  angle  trough  gutter 
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ribs  riveted  to  the  top  flanges  of  the  I-beams  in  each  bay.  The 
skylight  frames  of  bent  T's  are  mounted  on,  and  riveted  to,  these 
gutter  ribs. 

All  arches  were  completely  assembled  and  fitted  at  the  shop  before 
shipment.  Each  half  of  the  diagonal  trusses  was  similarly  assembled 
and  fitted  at  the  shop.  All  parts  of  the  roof  were  joined  together  in 
the  field  without  difficulty,  except  at  the  apex  joints  between  the 
diagonal  trusses,  where  it  was  necessary  to  substitute  some  new  gusset- 
plates  and  drill  the  connections  in  the  field.  This  was  undoubtedly 
due  to  slight  inaccuracies  in  shop  work,  which  might  not  have  been 
apparent  in  a  less  complicated  roof. 

At  the  main  concourse  fioor  level,  a  timber  platform  was  erected, 
and  on  it  three  tower  travelers  were  mounted.  The  roof  was  erected 
with  these  travelers.  Tower  props,  each  about  12  ft.  square,  were  built 
up  from  the  timber  platform  for  the  support  of  the  apex  joints  of  the 
diagonal  trusses  pending  their   adjustment. 

The  erection  of  the  concourse  roof  was  not  permitted  until  the 
surrounding  structures  to  which  it  was  anchored  had  been  completely 
erected.  The  terminal  anchorages,  with  the  corresponding  halves 
of  the  cantilever  arches  in  the  two  outer  barrels  of  the  three-barrel 
formation,  were  first  erected,  and  were  held  by  derrick  hitches  from 
the  travelers  until  the  intermediate  column  and  cantilever  arches  were 
placed.  The  groined  intersecting  barrel  was  erected  after  the  re- 
mainder of  the  roof  frame  had  been  set  up.  After  the  columns  had 
been  plumbed  and  the  roof  structure  lined,  leveled,  measured,  and 
completely  fitted  up,  all  joints  were  riveted,  the  first  portions  com- 
pleted being  the  three  east  and  west  barrels;  the  final  closure  was 
made  in  the  north  and  south  intersecting  barrel. 

The  concourse  roof  and  all  other  portions  of  the  Station  Building 
were  riveted  up  without  expansion  joints.  The  effect  of  temperature 
during  the  erection  of  the  steelwork  of  the  Station  Building  was 
provided  for  by  selecting  certain  definite  lines  of  adjustment,  namely: 
on  the  north  side  of  the  columns  in  the  north  wall  of  the  31st  Street 
Building,  on  the  south  side  of  the  columns  in  the  south  wall  of  the 
33d  Street  Building,  on  the  east  side  of  the  colvimns  on  the  east 
side  of  the  Eighth  Avenue  Building,  on  the  west  side  of  the  columns 
in  the  west  wall  of  the  general  waiting-room,  and  on  the  east  side  of 
the  columns  in  the  east  wall  of  the  general  waiting-room. 
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In  these  cases  the  connecting  pieces  were  either  shipped  blank 
and  drilled  in  place,  or  connection  angles  were  made  from  field 
measurements,  according  to  the  type  of  connection.  Fillers  were  also 
provided  where  required.  Riveting  of  the  portion  of  the  concourse 
floor  connecting  to  the  main  roof  columns  was  not  permitted  until 
after  the  roof  had  been  riveted  up. 

All  coluinus  were  set  accuratelj'  and  all  work  was  laid  out  with 
true  relation  to  the  governing  axes  of  the  principal  architectural 
features.  Each  feature  of  the  structure  was  completely  fitted  up, 
plumbed,  and  measured  before  riveting  was  permitted. 

The  many  heavy  columns  developed  riveted  base  details  of  a  very 
complicated  character,  oftentimes  difficult  to  manufacture,  particularly 
as  regards  the  fit  of  the  base  stiffener  angles.  In  some  instances, 
the  removal  of  these  for  lack  of  fit  would  have  required  rebuilding 
entire  column  lengths.  The  manfacturers,  therefore,  were  permitted  to 
substitute  slab  bases,  planed  on  top  and  bottom,  with  riveted  wing 
plates  and  base  angles,  producing  a  very  satisfactory  detail.  The  slabs 
vary  from  2  to  6  in.  in  thickness.  A  series  of  tests  was  made  at  the 
mill  to  determine  the  permissible  stress  for  the  slabs,  and  15  000  lb. 
per  sq.  in.  was  adopted,  the  tests  showing  an  elastic  limit  and  ultimate 
strength  equal  to  the  manufacturers'  standard  material. 

The  manufacturers  divided  the  structure  into  twenty  subdivisions, 
numbered  from  C-2  000  to  C-2  020,  inclusive,  and  all  shop  drawings 
were  identified  by  the  mark  of  the  subdivision  which  they  illustrated; 
the  material  was  similarly  identified  during  manufacture,  shipment, 
and  erection. 

In  addition  to  designing  the  steelwork  and  checking  the  shop  draw- 
ings, the  engineers  maintained  general  oversight  of  the  manufacture, 
kept  records  of  the  progress  of  the  same,  estimated  the  weight  of 
every  piece  of  material  for  comparison  with  the  scale  weight,  kept 
records  of  shipments  and  deliveries,  and  supervised  the  erection. 

Extracts  from  the  specifications  for  the  manufacture  of  the  Sta- 
tion Building  steel  are  given  in  Appendix  C. 

Platforms. 

All  platforms  are  of  reinforced  concrete  slabs,  varying  in  thickness 
at  the  center  from  8  to  16  in.,  spanning  between  the  16-in.  concrete 
side-walls,  and  overhanging  the  latter  1  ft.  8  in.  at  each  edge,  which 
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is  8   in.   thick.     The   overhanging  edges   have   coved  soffits   of   12   in. 
radius. 

Two  intermediate  bearing  vralls  of  concrete,  each  16  in.  thick,  divide 

the  reinforced  slab  of  the  v^ide  platform  No.  2  into  three  equal  spans. 

The  top  surfaces  of  the  platforms  have  granolithic  finish,  jointed 

in  squares  of  about  30  in.  on  a  side,  and  stippled  to  avoid  slippery 

tread. 

Exposed  wall  surfaces  were  rubbed  after  the  forms  were  removed. 

The  platforms  were  designed  to  support  a  live  load  of  300  lb.  per 

sq.  ft.     The  slabs  are  reinforced  transversely  with  steel  equal  in  area 

to  0.007  of  the  area  of  the  concrete,  and  also  reinforced  longitudinally 

with  the  same  percentage  of  steel  to  resist  temperature  stresses. 


TVPIOAL  SECTION  OF  REINFORCED  CONCRETE  PLATFORM 

(13"SLAB) 

scale  in  feet 

pm 1 1 i 1 1 

0        12        3       15 

Fig.  6. 

The  reinforcement  is  of  plain  square  rods,  6  in.  from  center  to 
center  transversely  and  |  in.  above  the  bottoms  of  the  slabs,  with  an 
overlapping  set  of  rods  extending  into  the  overhangs  near  the  tops 
of  the  slabs. 

The  longitudinal  rods  are  staggered,  one  set  being  placed  just 
over  the  bottom  set  of  transverse  rods  and  the  other  near  the  tops  of  the 
slabs  and  about  12  in.  from  center  to  center.  The  supporting  walls  are 
of  plain  concrete.  The  platform  concrete  is  composed  of  1  part  Port- 
land cement,  2  parts  sand,  and  4  parts  broken  stone  or  clean  gravel 
which  would  pass  through  a  f-in.  ring.  The  granolithic  top  dressing 
is  I  in.  thick,  and  is  made  of  1  part  Portland  cement  and  IJ  parts 
sand,  hand-floated,  trowelled  smooth,  and  having  a  stippled  finish. 

The  platforms  have  numerous  openings  for  elevators,  and  are  fitted 
with  hatches  over  the  elevator  pressure  tanks.     These  openings  and 
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Fig.   1. — Platfor.ms  During  Construction. 


Fig.    2. — Pi..\Ti'oiiMS    Driaxc    (  c  .ns  :  kit  i  lox. 
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hatches  are  framed  in  steel.  The  hatch  covers  are  of  thin  reinforced 
concrete  slabs  finished  like  the  remainder  of  the  platform  surfaces. 

Openings  for  the  installation  of  signal  apparatus,  openings  for 
ventilation,  fitted  with  wire  screens  in  cast-iron  frames,  and  openings 
for  access,  each  fitted  with  two  wrought-iron  swing  doors  hung  on  re- 
bated cast-iron  frames,  were  built  into  the  side-walls  of  the  platforms. 

Bronze  sockets  with  hinged  covers  were  built  into  the  platforms 
along  curved  edges  at  intervals  of  4  ft.  to  receive  posts  of  pipe  railing 
in  case  the  latter  is  required  when  the  platforms  are  in  service.  Bent 
wrought-iron  pipe  anchors,  threaded  for  ^-in.  bolts,  were  built  into  the 
overhanging  edges  of  the  platforms  on  curves  at  intervals  of  2  ft. 
from  center  to  center  to  provide  for  the  attachment  of  a  wooden  edge 
strip,  if  it  is  required. 

The  spaces  under  the  platforms  are  used  as  pipe  galleries  for  longi- 
tudinal service  lines  distributed  between  the  pipe  subways;  and  pipe 
sleeves  were  built  into  the  platform  walls  for  service  taps  to  the  adja- 
cent tracks. 

There  are  weep-holes  through  the  platform  walls  at  sub-grade,  for 
drainage.  The  platforms  were  built  in  monolithic  sections,  each  about 
30  ft.  long.     Their  total  area  is  244  270  sq.  ft. 

Base  Lines  and  Levels. 

It  may  prove  interesting  to  observe  that  New  York  City  blocks  are 
not  exact  parallelograms,  although  the  errors  are  so  small  that  the 
irregularity  is  only  observable  on  the  records. 

The  center  line  of  the  terminal  east  and  west,  while  apparently 
coincident  with  the  center  line  of  32d  Street,  is  not  exactly  so,  but 
rather  an  average  adjustment  of  the  direction  of  the  center  lines  of 
.31st  and  33d  Streets,  both  opposite  the  terminal  and  for  blocks  east 
of  Seventh  Avenue  and  west  of  Tenth  Avenue.  This  main  base  line 
was  determined  on  the  ground,  and  permanently  monumented.  Parallel 
base  lines,  east  and  west,  as  well  as  transverse  base  lines,  north  and 
south,  100  ft.  apart,  were  established,  and  all  working  drawings  were 
related  thereto. 

A  profile  grade  line  for  the  top  of  rail  was  established  in  connec- 
tion with  the  necessary  tunnel  grades  east  and  west  of  the  terminal. 
An  understanding  was  reached  with  the  engineers  of  the  city,  which 
fixed  the  surrounding  curb  grades  in  the  streets,  and  these  were  made 
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to   conform   with   existing   street   construction   reduced   to  practicable 
mathematical   lines. 

Bench-marks  were  established  from  time  to  time,  as  found  nec- 
essarj'-.  The  datum  plane  conforms  with  that  of  all  the  other  con- 
struction work  of  the  company,  +  300  being  practically  mean  high 
water  in  the  harbor. 

Engineering  Organization. 

George  B.  Francis,  M.  Am.  Soc.  C.  E.,  acted  as  the  engineering 
executive  for  Westinghouse,  Church,  Kerr,  and  Company,  with  Joseph 
H.  O'Brien,  M.  Am.  Soc.  C.  E.,  as  Resident  Engineer  directly  in  charge 
of  the  design  and  with  engineering  supervision  of  the  construction. 

"Westinghouse,  Church,  Kerr,  and  Company  reported  directly  on  all 
work,  excepting  the  steel  for  the  Station  Building,  to  George  Gibbs, 
M.  Am.  Soc.  C.  E.,  Chief  Engineer  of  Electric  Traction  and  Station 
Construction  of  the  Pennsylvania  Tunnel  and  Terminal  Railroad 
Company. 

A  force  of  engineers  and  draftsmen  at  headquarters  designed  the 
work  herein  described  and  another  corps  was  maintained  in  the  field 
for  engineering  service  in  execution.  The  following  persons  were 
connected  with  the  engineering  department,  and  performed  faithfully 
the  duties  entrusted  to  them: 

Mr.  F.  F.  Skinner,  D.  Y.  Dimon,  M.  Am.  Soc.  C.  E.,  H.  S.  Devlin, 
Assoc.  M.  Am.  Soc.  C.  E.,  W.  A.  Nial,  Assoc.  M.  Am.  Soc.  C.  E.,  and 
C.  E.  Hunt,  Assoc.  Am.  Soc.  C.  E. 

William  R.  Webster,  M.  Am.  Soc.  C.  E.,  was  employed  to  care  fbr 
the  mill  and  shop  inspection  of  the  steelwork. 

All  inspectors  on  the  various  items  of  work  were  under  the  super- 
vision of  the  engineers. 

The  designing  of  the  steel  for  the  Station  Building  was  done  by 
Westinghouse,  Church,  Kerr,  and  Company,  under  an  engineering  en- 
gagement with  McKim,  Mead,  and  White,  the  Architects. 
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APPENDIX    A. 

Eastkuia'  Portion. 

Cement. — All  cement  used  in  the  work  shall  be  Portland  cement 
furnished  by  the  Railroad  Company  in  accordance  with  conditions  of 
Article  12  of  the  contract. 

Sand. — Sand  for  mortar  or  concrete  shall  be  coarse,  sharp  and  sili- 
cious,  not  containing  more  than  1.5  per  cent,  of  mica,  loam,  dirt  or 
clay,  or  of  all  combined,  and  equal  in  quality  to  the  best  Cow  Bay 
sand.    If  required  by  the  Engineers,  it  shall  be  screened. 

Brol-en  Stone. — Sound  rock  excavated  from  the  work  may  be  used 
if  hard,  crystalline,  and  practically  free  from  mica.  If  a  sufficient 
amount  cannot  be  obtained  from  the  work,  sound  trap  or  hard  limestone 
must  be  furnished.  Gneiss  from  other  localities  will  not  be  accepted. 
The  rock  must  be  clean  when  delivered  at  the  crusher.  It  shall  be 
broken  by  machine  and  screened  in  a  rotary  screen,  which  will  remove 
all  dust  and  fragments,  which  will  pass  through  a  hole  i  inch  in  diam- 
eter, and  all  pieces  which  will  not  pass  through  a  hole  one  and  one-half 
(li)  inches  in  diameter;  all  fragments  between  these  limits  will 
be  retained.  In  special  cases,  hereinafter  specified,  the  maximum  size 
will  be  that  which  will  pass  through  a  hole  |  inch  in  diameter. 

Mortar  and  Grout. — In  proportioning  materials  for  mortar,  grout 
and  concrete,  one  volume  of  cement  shall  be  taken  to  mean  three 
hundred  and  eighty  (380)  pounds  net,  one  volume  of  sand  or  broken 
stone  shall  be  taken  to  mean  three  and  one-half  (3^)  cubic  feet  packed 
or  shaken  down.  Sand  and  broken  stone  shall  be  measured  in  barrels 
or  rectangular  boxes.  Measurements  in  wheelbarrows  will  not  be  per- 
mitted. 

In  preparing  mortar  for  brick  or  stone  masonry,  the  specified 
amounts  of  cement  and  sand  shall  first  be  mixed  dry  to  a  uniform 
color.  The  water  shall  then  be  added  in  such  a  manner  as  not  to  wash 
out  any  of  the  cement  and  the  mixing  proceeded  with  until  the  mortar 
is  thoroughly  mixed  and  of  uniform  consistency. 

Grout  will  generally  be  in  the  proportion  of  one  (1)  part  of  cement 
to  one  (1)  part  of  sand  by  volume.  The  materials  shall  be  thoroughly 
mixed  dry  and  water  then  added  while  the  mixing  proceeds,  until  the 
grout  is  of  the  required  consistency.  The  mixing  shall  be  continued 
vigorously,  preventing  the  separation  of  sand,  until  the  entire  amount 
mixed  is  used.  Grout  shall  be  used  about  the  imbedded  steel  for  filling 
small  voids  wherever  concrete  cannot  be  properly  used  and  wherever 
required  by  the  Engineers  to  insure  tight  work. 

Masonry — Concrete. — Concrete  for  abutments  and  masonry  tunnels 
shall  be  in  the  proportion  of  one  (1)  part  of  cement  to  two  (2)  parts 
of  sand  and  four  (4)  parts  of  broken  stone  l)y  volume.  All  other  con- 
crete, except  that  required  for  grillages,  concrete  steel  floor  plates,  and 
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base  of  granolithic,  shall  be  in  the  proportion  of  one  (1)  part  of 
cement  to  two  and  one-half  (2^)  parts  of  sand  and  five  (5)  parts  of 
broken  stone  by  volume.  The  concrete  for  grillages  and  concrete  steel 
floor  plates  shall  be  in  the  proportion  of  one  (1)  part  of  cement  to  two 
(2)  parts  of  sand  and  four  (4)  parts  of  broken  stone  that  will  pass 
through  a  hole  |  inch  in  diameter. 

Whenever  practicable,  concrete  shall  be  machine  mixed.  The  mix- 
ing machine  shall  be  a  rotary  mixer  and  of  a  pattern  that  will  mix 
the  concrete  in  batches  and  permit  the  definite  measurement  of  the 
materials  for  each  batch.  When  the  Engineers  consider  it  imprac- 
ticable to  mix  by  a  machine,  it  may  be  mixed  by  hand  as  follows: 
The  mixing  shall  be  done  on  a  platform  of  boards  or  planks  securely 
fastened  together.  The  mortar  shall  first  be  made  as  hereinbefore 
specified.  The  broken  stone  previously  wetted  shall  then  be  added  and 
the  mortar  and  stone  turned  over  with  shovels  until  the  mortar  is 
uniformly  distributed  through  the  mass  and  every  stone  is  coated  with 
mortar. 

The  degree  of  moisture  for  mortar,  grout  and  concrete  shall  be  at 
all  times  as  required  by  the  Engineers  or  their  Inspector;  in  general, 
mortar  shall  be  plastic,  grout  shall  be  fluid  enough  to  be  pumped,  and 
concrete  shall  be  of  such  consistency  that  it  will  quake  when  being 
deposited,  but  not  wet  enough  to  cause  the  mortar  to  separate  from  the 
mixture. 

Concrete  shall  be  deposited  in  the  work  in  such  a  manner  as  not  to 
cause  separation  of  mortar  and  stone.  It  shall  be  laid  quickly  in  layers 
not  exceeding  nine  (9)  inches  in  thickness  and  thoroughly  rammed  with 
rammers  of  such  form  and  material  as  the  Engineers  may  approve; 
special  shaped  rammers  will  be  required  for  corners  and  other  places 
where  ordinary  rammers  would  not  be  effective.  Compact,  dense  con- 
crete must  be  obtained  with  all  the  voids  between  the  stones  filled  with 
mortar.  If  voids  are  discovered  at  any  time,  the  defective  concrete 
shall  be  removed  and  immediately  replaced  by  concrete  of  such  mixture 
and  in  such  manner  as  the  Engineers  may  direct. 

Contraction  joints  in  concrete  formation  shall  be  made  where  the 
Engineers  may  require  them.  Where  columns  limit  the  thickness  of 
"concrete"  at  face,  the  cement  mortar  used  in  conjunction  with  metal 
reinforcement  is  measured  and  paid  for  as  concrete  only. 

When  the  placing  of  concrete  is  suspended,  the  Engineers  may 
require  a  joint  to  be  formed  in  a  manner  satisfactory  to  them,  so  that 
the  fresh  concrete  when  added,  may  have  a  bond.  Before  depositing 
fresh  concrete,  the  entire  surface  on  which  it  is  to  be  laid  shall  be 
cleaned,  washed,  brushed  and  slushed  over  with  grout  of  cement  with- 
out sand. 

The  surface  of  freshly  laid  concrete  shall  be  protected  from  injury 
in  such  manner  and  for  such  time  as  the  Engineers  may  require;  con- 
crete injured  in  any  manner  shall  be  removed. 
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Water  used  in  mortar,  grout  and  concrete  shall  be  clean  fresh 
water. 

No  mortar,  grout  or  concrete  which  has  commenced  to  sot  shall  be 
used  anywhere  in  the  work.  Re-tempering  of  mortar  or  grout  which 
has  commenced  to  set  will  not  be  permitted. 

Forms  for  concrete  shall  be  substantial  and  must  preserve  their 
accurate  shape  until  the  concrete  has  set.  Where  the  concrete  will 
show  in  the  finished  work,  the  face  of  the  form  shall  be  built  of  matched 
and  dressed  planking  finished  truly  to  the  lines  and  surfaces  shown  on 
the  plans.  Adequate  measures  will  be  taken  to  prevent  the  adhesion 
of  mortar  to  the  forms.  Forms  which  have  become  warped  or  distorted 
shall  be  immediately  replaced.  All  forms  of  whatsoever  nature  required 
for  concrete  work  shall  be  furnished,  erected  and  removed  by  the  Con- 
tractor whose  price  for  concrete  per  yard  must  include  the  cost  of  the 
forms  required. 

Contractor  shall  not  remove  forms  for  concrete  work  until  the  con- 
crete has  set  up  to  the  satisfaction  of  the  Engineers.  Any  forms  left 
in  the  work  by  direction  of  the  Engineers  shall  be  paid  for  by  the 
thousand  (1,000)  feet,  board  measure,  of  the  completed  form  measured 
in  the  work. 

Faces  which  will  show  in  the  finished  work  shall  be  true  to  the  form 
intended  and  shall  be  wholly  smooth,  free  of  ridges  and  cavities,  due  to 
shortage  of  mortar  at  the  face. 

Exposed  faces  shall  have  a  facing  of  mortar  two  (2)  inches  thick 
deposited  simultaneously  with  the  corresponding  layers  of  concrete  and 
separated  from  the  concrete  by  a  metal  diaphrag-m  of  approved  form. 
After  the  mortar  and  concrete  have  been  deposited,  the  diaphragm 
shall  be  removed  and  the  materials  well  worked  together  by  spading 
and  tamping,  so  as  to  insure  their  bonding.  In  places  where  this 
method  cannot  be  used,  as  the  under  surface  of  arches,  the  same  end 
shall  be  attained  by  methods  satisfactory  to  the  Engineers.  Plastering 
the  face  after  removing  the  forms  will  not  be  permitted  unless  otherwise 
provided.  The  facing  mortar  shall  be  of  the  same  composition  as  the 
mortar  used  in  the  concrete  back  of  same. 

Rock  surfaces  shall  be  thoroughly  washed  and  cleaned  before  con- 
crete is  deposited  against  them.  Earth  surfaces  shall  be  wetted  and 
compacted  by  ramming  immediately  before  depositing  concrete  thereon. 

If  leaks  appear  on  the  surface  of  the  concrete  at  any  time  after 
removing  the  forms,  the  Contractor  shall  remove  the  concrete  through 
which  the  water  passes  and  replace  it  with  sound  concrete  and  shall 
stop  the  leakage  or  conduct  the  water  to  the  floor  of  the  tunnels  through 
channels  or  pipes  in  the  concrete,  or  take  such  other  measures  as  the 
Engineers  may  require. 

The  rough  concrete  under  grillage  seats  shall  be  brought  up  to 
within  two  and  one-half  (2J)  inches  of  the  underside  of  the  grillage 
bearing  plates  and  shall  then  be  top  dressed  with  Granolithic  two  (2) 
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inches  thick,  leaving  a  joint  to  be  made  not  over  ^  inch  thick  betvpeen 
the  top  surface  of  the  Granolithic  and  the  underside  of  the  grillages. 

Granolithic  shall  be  laid  on  a  solid  concrete  base,  and  shall  have 
two  (2)  inches  total  thickness.  The  base  of  this  Granolithic  shall  be 
one  and  one-half  (IJ)  inches  thick,  made  up  in  proportions  of  one  (1) 
part  of  cement,  two  (2)  parts  of  sand,  and  four  (4)  parts  of  broken 
stone,  the  maximum  size  of  which  will  pass  through  a  hole  |  inch  in 
diameter.  This  base  shall  be  carefully  laid  and  screeded  in  place  to 
insure  a  level  top  surface.  Upon  the  base  so  prepared,  the  Contractor 
will  lay  a  top  dressing  of  grout  ^  inch  thick.  This  grout  shall  be 
hand  floated  and  troweled  smooth  to  give  a  durable  and  true  top  surface. 

Terra  Coita  Block  Walls. — The  terra  cotta  blocks  used  for  the  back- 
ing of  waterproofing  behind  the  abutments,  shall  be  hollow,  porous,  terra 
cotta  partition  blocks.  These  blocks  must  be  so  burned  that  their 
walls  will  be  absolutely  porous. 

Samples  of  the  terra  cotta  blocks  to  be  used  in  the  work  must 
be  submitted  to  the  Engineers  before  they  are  purchased  by  the  Con- 
tractor, and  all  of  the  blocks  used  in  the  work  must  be  sound,  of  true 
mold  and  in  conformity  with  the  sample  selected  by  the  Engineers. 

Terra  cotta  blocks  shall  be  laid  as  far  as  possible  on  their  smaller 
beds  so  that  the  hollow  space  may  be  continuous  vertically.  Joints 
shall  be  broken  every  fourth  course  as  shown  on  the  drawings.  The 
blocks  shall  be  laid  in  mortar  made  of  one  (1)  part  Portland  Cement, 
one  (1)  part  best  Rockland  lime  and  three  (3)  parts  sand.  The  bed 
joints  shall  be  buttered  and  the  work  shall  be  laid  up  with  such  care 
that  mortar  will  not  accumulate  in  the  holes  of  the  blocks.  The  Con- 
tractor shall  keep  the  hollow  spaces  clean  to  the  satisfaction  of  the 
Engineers.  Joints  shall  not  be  over  |"  thick  and  shall  be  struck  with 
a  trowel. 

Granite  and  Granite  Masonry. — All  pier  caps,  templates  and  ped- 
estals, where  so  shown  and  required  by  drawings,  shall  be  of  cut 
granite. 

Granite  must  be  strong,  sound,  compact,  moderately  fine  grained, 
of  uniform  quality  and  appearance,  and  free  from  any  defect  which  in 
the  judgment  of  the  Engineers  may  impair  its  strength  and  durability. 

The  bottom  bed  shall  always  be  of  the  full  size  of  the  stone  and  no 
stone  shall  have  an  overhanging  top  bed. 

The  stones  shall  be  cut  to  the  dimensions  shown  on  drawings. 

The  face  lines  of  each  stone  shall  be  true,  and  the  rise  as  fixed  by 
the  face  line  shall  not  vary  anywhere  more  than  yV  of  an  inch  from 
the  true  rise  shown  on  the  drawings. 

The  upper  and  lower  beds  shall  be  truly  parallel.  The  lower  bed 
shall  have  no  depression  within  six  inches  of  the  face  and  none  ex- 
ceeding one  inch  in  depth  nor  more  than  six  inches  in  its  greatest 
dimension  over  the  remainder  of  the  bed.     Depressions  of  more  than 
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i  in.  below  the  true  plane  shall  never  exceed  over  J  of  the  area  for 
the  bed. 

Vortical  joints  shall  be  cut  to  exact  lines  on  the  upper  bed  face  and 
for  0  inches  back  from  the  face  of  the  lower  bed.  The  remainder  of 
the  joint  shall  be  cut  to  conform  to  the  requirements  for  the  lower  bed. 

The  upper  bed  face  and  lower  bed  (of  pedestals  under  girders)  for 
a  distance  of  six  inches  back  of  the  face  shall  be  bush-hammered,  six- 
cut  with  true  lines  and  surfaces. 

The  upper  bed  and  the  lower  bed  of  pier  caps  and  templates  for  a 
distance  of  six  inches  back  from  the  faces  shall  be  bush-hammered, 
six-cut  with  true  lines  and  surfaces. 

These  pier  caps  and  templates  shall  have  rock  faces.  No  grab  hole 
or  lewis  hole  shall  be  made  in  the  bed  or  face  of  any  stone. 

Stones  shall  be  set  in  full  beds  of  mortar  containing  1  volume  of 
cement  to  2 J  volumes  of  sand.  All  stones  must  be  carefully  cleaned 
and  wet  before  setting. 

No  stone  shall  be  laid  in  freezing  weather,  except  with  the  express 
permission  of  the  Engineers,  and  under  such  conditions  as  they  may 
impose  to  secure  immunity  from  injury  by  freezing. 

Joints  shall  be  caulked  temporarily  wuth  oakum  or  rope  yarn  and 
filled  with  a  thin  mortar  of  the  same  composition  as  used  for  beds  well 
worked  in  with  a  sword  so  as  to  completely  fill  the  joints. 

All  the  joints  shall  be  cleaned  out  to  a  depth  of  li  inches  and 
pointed  in  mild  weather  with  a  mortar  containing  one  volume  of 
cement  to  two  parts  of  sand,  mixed  with  a  small  proportion  of  water 
and  driven  into  the  joint  with  a  calking  iron. 

All  granite  masonry  foundation  walls  shall  be  built  of  dimension 
stones  laid  on  a  full  and  sufficient  bed  of  Portland  cement  mortar 
made  in  proportions  of  one  volume  of  cement  to  2^  volumes  of  sand. 

All  joints  to  be  thoroughly  filled  with  cement  and  carefully  chinked 
with  slate  spalls. 

All  stones  to  be  derrick  laid  and  no  joints  to  exceed  two  (2)  inches 
in  thickness. 

All  joints  shall  be  thoroughly  broken  as  shown  on  the  drawings. 

The  measurements  on  all  granite  and  granite  masonry  will  be  taken 
in  cubic  contents  to  the  draft  lines  and  no  allow'ance  made  for  rock 
face. 

Vitrified  Conduits  for  Electric  Cables. — The  vitrified  conduits  for 
electric  cables  shall  be  manufactured  of  the  best  clay,  thoroughly 
burned,  sound  in  all  respects,  straight  and  free  from  splits,  fractures, 
soft  spots,  stones,  cracks  or  blisters  tending  to  impair  their  strength  or 
durability.  They  shall  be  thoroughly  and  completely  glazed  with  good 
salt  glaze.  The  interior  surfaces  of  the  duct  holes  shall  be  smooth  and 
free  from  any  projections  or  imperfections  which  may  tend  to  strip 
the  lead  coating  from  the  electric  cable  when  pulled  through  the  duct. 
The  ends  shall  be  cut  smooth  and  square  with  the  axis.     Ends  of  holes 
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shall  be  slightly  bell-mouthed.  When  conduits  are  cut  to  special 
lengths,  the  cut  end  must  be  dressed  with  chisel  and  rasp  until  the  hole 
is  slightly  bell-mouthed  and  has  smooth,  edges. 

Conduits  shall  be  of  whatever  form  and  pattern  the  Engineers  may 
require,  either  single  or  multiple  duct  conduits.  In  the  four-way  con- 
duits, dowel  holes  are  to  be  formed  at  each  end  for  truly  centering  the 
sections  when  laying.  The  standard  length  of  single-duct  conduits 
shall  be  eighteen  (18)  inches  and  four-way  conduits  thirty  (30)  or 
thirty-six  (36)  inches,  as  the  Engineers  may  determine  from  the  sam- 
ples submitted.  The  lengths  must  not  vary  from  the  standard  by  more 
than  I  inch.  The  duct  holes  in  single-duct  conduits  shall  not  be  less 
than  three  and  one-half  (3^)  inches  nor  more  than  three  and  seven- 
eighths  (31)  inches  in  diameter,  or  square  with  corners  rounded;  the 
outside  walls  and  webs  shall  be  |  inch  thick.  The  outside  dimensions 
of  four-way  ducts  shall  not  exceed  nine  and  one-half  inches  on  a  side. 
The  conduits  shall  be  square  on  outer  lines  with  corners  rounded. 

The  adopted  sample  sections  of  conduits  exhibited  at  the  office  of  the 
Engineers  shall  represent  in  every  way  the  conduits  to  be  furnished  by 
the  Contractor. 

The  conduits  shall  be  laid  in  about  i  inch  beds  of  mortar  and  in 
perfect  alignment  and  grade  throughout.  The  vertical  joints  between 
conduits  shall  be  filled  with  mortar  and  the  concrete  carried  up  in 
layers  as  the  conduits  are  laid.  Dowels  with  central  washer  shall  be 
provided  by  the  Contractor  and  placed  in  every  dowel  hole,  A  wooden 
mandrel  four  (4)  feet  long,  the  center  dimensions  of  which  are  i  inch 
less  than  the  bore  of  the  conduits,  the  end  dimensions  of  which  are  i 
inch  less  than  the  bore  of  the  conduits,  shall  be  threaded  through  each 
hole  after  the  conduits  have  been  bedded  in  place,  and  the  Engineers 
may  require  the  Contractor  to  thread  the  mandrel  through  a  second 
time.  A  spring  steel  tube  scraper  with  a  flue  brush  behind  it,  or  other 
device  approved  by  the  Engineers,  shall  be  attached  to  the  end  of  each 
mandrel  and  used  to  remove  all  foreign  matter  from  the  ducts.  All 
ducts  must  be  thoroughly  cleaned  to  the  satisfaction  of  the  Engineers. 

Butt  joints  of  conduits  shall  be  broken  at  every  tier  half  the  length 
of  the  section,  or  as  may  be  specially  required  by  the  Engineers.  Every 
joint  of  the  four-way  conduits  shall  be  lapped  around  with  two  (2) 
thicknesses  and  six  (6)  inches  overlap  of  No.  6  cotton  duck  canvas  six 
(6)  inches  wide,  three  (3)  inches  on  each  abutting  section,  saturated 
with  neat  cement  grout  immediately  before  placing.  These  laps  are  to 
be  doubled  on  curves.  Single-duct  conduits  are  to  be  lapped  on  curves 
only. 

Short  sections  of  conduits  shall  be  used  at  manholes  only  to  effect 
proper  bond  and  closures.  These  short  sections  shall  be  cut  cleanly 
and  truly  square  across  without  splitting  the  ducts.  No  four-way  con- 
duit section  shall  be  cut  less  than  twelve  (12)  inches  long,  and  no  single 
conduit  section  shall  be  cut  less  than  nine  (9)  inches  long. 
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Paraffined  wooden  plugs  shall  be  furnished  by  the  Contractor  and 
placed  in  the  free  ends  of  all  ducts  when  work  is  discontinued  and  shall 
be  left  in  place. 

Electric  conduits  shall  be  measured  in  the  work  and  the  unit  price 
shall  include  dowels,  canvas  lapping  and  paraffined  plugs. 

Manholes  will  be  built  at  intervals  and  in  accordance  with  plans 
furnished  by  the  Engineers.  Iron  manhole  castings  and  covers,  doors 
and  other  details  as  shown  on  the  plans  shall  be  supplied  and  set  in 
place  by  the  Contractor. 

One  No.  8  B.  and  S.  gauge  galvanized  iron  wire  shall  be  placed, 
pulled  and  left  in  each  duct  from  manhole  to  manhole. 

Conduits  will  be  enveloped  in  waterproofing  laid  around  the  en- 
casing concrete  where  shown  on  drawings,  and  in  the  manner  herein- 
after specified  under  "Waterproofing." 

Wrought  Iron  Pipe  for  Electric  Ducts. — Where  iron  pipes  are  re- 
quired for  electric  ducts,  they  shall  be  standard  wrought  iron,  lap- 
welded  pipes,  three  and  one-half  (3J)  inches  diameter  inside. 

Bent  pipes  shall  be  free  from  distortion  in  cross-section,  and  the 
bends  shall  not  vary  anywhere  more  than  one  (1)  inch  from  the  form 
required. 

The  ends  of  pipes  shall  be  smoothed  and  rounded  with  a  file  on  the 
inner  edges,  so  as  not  to  injure  the  lead  covering  of  the  electric  cables, 
when  drawn  through.  Paraffined  wooden  plugs  shall  be  furnished  by 
tlie  Contractor  and  placed  in  the  free  end  of  all  ducts  when  work  is 
discontinued  and  shall  be  left  in  place. 

'Waterproofing. — It  is  intended  that  the  interior  of  water-proof 
structures  shall  be  permanently  free  from  moisture  or  discoloration  due 
to  the  percolation  of  water  or  other  liquids  from  outside  sources.  This 
end  shall  be  attained  by  means  of  a  continuous  flexible  water-proof 
sheet  surrounding  the  exterior  of  the  structures  (as  shown  by  draw- 
ing's). 

Pitch  used  shall  be  straight  run  coal-tar  pitch,  which  shall  soften  at 
60  degrees  F.  and  melt  at  100  degrees  F. ;  being  a  grade  in  which  dis- 
tillate oils  distilled  therefrom  shall  have  a  specific  gravity  of  1.105. 

The  felt  shall  be  "Hydrex"  felt  manufactured  by  F.  W.  Bird  &  Son, 
East  Walpole,  Mass.,  or  felt  equally  satisfactory  to  the  Engineers. 

Pitch,  when  applied,  shall  be  of  a  temperature  of  not  less  than  two 
hundred  fifty  (250)  degrees  F.  The  pitch  shall  be  mopped  on  the  sur- 
face of  the  masonry  to  a  uniform  thickness  of  not  less  than  u-  inch. 
Each  layer  of  pitch  must  completely  cover  the  surface  on  which  it  is 
spread  without  cracks  or  blowholes.  The  felt  must  be  rolled  out  into 
the  pitch  while  the  latter  is  still  hot  and  pressed  against  it  so  as  to 
insure  its  being  completely  stuck  to  the  pitch  over  its  entire  surface. 
Great  care  must  be  taken  that  all  joints  in  the  felt  are  well  broken,  and 
that  the  ends  of  the  rolls  of  the  bottom  layer  are  carried  up  on  the 
inside  of  the  layers  on  the  sides,  and  those  of  the  roof  down  on  the  out- 
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side  of  the  layers  on  the  sides,  so  as  to  secure  the  full  laps  herein 
specified. 

Waterproofing  must  be  protected  against  injury  at  all  times  to  the 
satisfaction  of  the  Engineers. 

Any  waterproofed  structure  that  is  found  to  leak  at  any  time  prior 
to  the  completion  of  this  contract  shall  be  made  tight  by  the  Contractor 
in  a  manner  satisfactory  to  the  Engineers. 

Waterproofing  shall  consist  of  six  (6)  layers  of  felt  and  seven  (7) 
layers  of  pitch  alternating,  each  strip  of  felt  to  lap  not  less  than  one  (1) 
foot  vipon  the  previously  laid  strip  and  each  section  of  waterproof 
sheet  shall  lap  at  least  one  (1)  foot  with  the  adjoining  section. 

Waterproofing  will  be  measured  by  the  square  of  one  hundred  (100) 
superficial  feet  and  paid  for  accordingly. 

Erection  of  Steel. — All  steel  will  be  furnished  by  the  Railroad  Com- 
pany, delivered  at  a  North  River  dock  sitviated  between  West  29th 
and  West  39th  Streets,  inclusive.  Borough  of  Manhattan,  City  of  New 
York.  The  Contractor  shall  receive  the  steel  so  delivered  and  trans- 
port it  to  the  site  of  the  work. 

Contractor  shall  erect  all  the  structural  steel  shown  on  or  required 
by  drawings  and  paint  the  same  the  specified  number  of  coats  of  paint, 
and  shall  set  all  anchor  bolts  and  do  all  field  riveting  required.  Before, 
or  during  erection,  all  material  shall  be  laid  on  skids  above  the  ground 
so  as  to  be  kept  clean.  It  shall  be  handled  so  as  to  avoid  injury  to  the 
material.  Any  piece  showing  the  effects  of  rough  handling  shall  be 
repaired  or  replaced  by  the  Contractor  at  his  own  expense. 

Contractor  shall  furnish  all  eqiiipment  necessary  and  shall  furnish 
and  build  all  false  works  required  for  the  proper  erection  of  the  steel 
work. 

All  grillages  shall  be  set,  filled  and  encased  in  Portland  Cement 
concrete  and  grout  (prior  to  the  erection  of  the  superimposed  steel 
work)  to  the  exact  lines  and  grades  given  by  the  Engineers.  Grillages 
so  set  shall  be  maintained  in  true  position  by  the  Contractor,  and  no 
steel  work  shall  be  placed  upon  the  same  until  the  Engineers  so  direct. 

The  floor  plate  which  rests  on  the  plate  girder  bridging  shall  consist 
of  rolled  steel  beams  imbedded  in  concrete  as  shown  on  the  drawings. 
The  bottom  layer  of  concrete  shall  be  laid  in  place  by  the  Contractor 
before  the  floor  beams  are  erected.  The  beams  may  be  of  varying 
lengths,  not  less  than  twelve  (12)  nor  more  than  thirty  (30)  feet  long, 
and  they  shall  be  spaced  as  shown  on  the  drawings,  breaking  joints 
every  six  (6)  or  eight  (8)  beams.  All  of  these  beams  must  be  straight 
and  clean  when  laid  in  place. 

Rivets  shall  be  I  of  one  inch  in  diameter  unless  otherwise  shown  on 
the  drawings.  They  shall  have  full  hemispherical  heads  and  shall  com- 
pletely fill  the  holes  and  be  true  and  perfect  in  every  way.  Any  loose, 
burned  or  otherwise  defective  rivets   discovered   at   any  stage  of  the 
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work  shall  be  cut  out  and  replaced  by  the  Contractor.  Field  rivets 
shall  be  driven  by  pneunuitic  riveters  wherever  possible. 

Slight  misfits  incidental  to  all  erection,  requiring  reaming  of  unfair 
holes,  etc.,  shall  not  be  considered  extra  work. 

All  of  the  steel  work  to  be  incased  in  concrete  except  columns,  and 
except  as  hereinafter  specified,  shall  not  be  painted.  The  Contractor 
shall  remove  all  dirt  or  filth  which  may  be  found  on  the  steel  delivered 
to  him  prior  to  erecting  the  same,  to  the  satisfaction  of  the  Engineers, 
lie  shall  also  clean  all  steel  work  which  may  be  otherwise  damaged 
after  delivery  to  him.  After  erection,  all  steel  work  except  grillages, 
floor  plate,  and  those  portions  of  plate  girders  imbedded  in  concrete, 
shall  receive  three  (3)  good  coats  of  graphite  paint  of  colors  to  be 
selected  by  the  Engineers,  or  one  (1)  coat  of  "Tockolith"  and  two  coats 
of  No.  49  K.  I.  W.  paint;  each  coat  to  be  allowed  to  dry  before  another 
coat  is  applied.  These  three  (3)  final  coats  shall  be  applied  imme- 
diately before  erecting  the  girders,  to  surfaces  which  will  not  be  accessi- 
ble after  erection. 

Graphite  paint  to  be  used  on  the  work  shall  be  Dixon's  Silica 
Graphite  Paint,  manufactured  by  Joseph  Dixon  Crucible  Company, 
Jersey  City,  N.  J.,  or  other  graphite  paint  of  equal  quality  and  satis- 
factory to  the  Engineers. 

"Tockolith"  to  be  used  on  the  work  shall  be  the  Portland  Cement 
paint  of  that  name  manufactured  by  Toch  Brothers  of  New  York  City. 

R.  I.  W.  paint  shall  be  the  paint  of  that  name  manufactured  by 
Toch  Brothers,  New  York  City. 

The  vehicle  of  the  above  graphite  paint  shall  be  boiled  linseed  oil. 
No  adulterated  or  thinner  oils  shall  be  used.  The  boiled  linseed  oil 
must  be  absolutely  pure,  containing  no  matters  volatile  at  two  hundred 
(200)  degrees  F.  in  a  current  of  hydrogen;  shall  not  contain  any  resin 
or  manganese  and  shall  be  perfectly  clear  upon  delivery,  and  on  stand- 
ing no  deposit  should  form,  providing  the  oil  be  kept  at  a  temperature 
of  forty-five  (45)  degrees  F.  The  film  left  after  flowing  the  oil  over 
glass  and  allowing  it  to  drain  in  a  vertical  position  must  be  dry  to  the 
touch  after  twenty-four  (24)  hours. 

No  painting  shall  be  done  in  wet  or  freezing  weather  and  no  paint 
shall  be  applied  to  damp  surfaces,  or  surfaces  which  are  not  thoroughly 
clean  or  dry. 
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Street  Bridging   Steel. 

Proportion  of  Parts. — No  material  shall  be  used  less  than  |  of  an 
inch  thick,  except  that  lattice  bars  or  sway  bracing  may  be  fV  of  an 
inch  thick,  and  except  as  may  be  required  for  lining  and  filling. 

The  various  parts  of  the  structures  (except  the  9th  Avenue  via- 
duct) are  proportioned  to  sustain  the  following  unit  strains  given 
in  pounds  per  square  inch. 

Tension  =  17,000  lbs.   (net  section). 

For  determining  the  net  sections,  rivet  holes  are  assumed  to  be 
of  i  inch  greater  diameter  than  the  cold  rivet. 

17,000  lbs. 


Compression  = 


1  +  ,-.^. 


11,000  r^ 

Wherein  L  is  the  length  of  the  member  in  inches  and  r  is  the  least 
radius  of  gyration  in  inches. 

No  combination  of  stresses  shall  exceed  17,000  lbs.  per  square 
inch. 

Shear  in  webs  of  plate  girders  (gross  section) .  .  10,000  lbs. 

Rivet  bearing 22,000     " 

Shearing  strain  on  rivets  shall  not  exceed 11,000     " 

For  field  connections  the  number  of  rivets  thus  found  shall  be  in- 
creased 25  per  cent,  if  driven  by  hand,  but  increased  10  per  cent,  if 
driven  by  power. 

The  various  parts  of  the  9th  Avenue  viaduct  are  proportioned  to 
sustain  the  above  unit  strains  for  all  loads  excepting  the  reactions  at 
the  base  of  the  Elevated  Railroad  pillars  for  the  support  of  which  the 
parts  of  the  viaduct  affected  thereby  are  proportioned  to  sustain  the 
following  unit  strains  given  in  pounds  per  square  inch : 
Tension  =  9,000  lbs.  (net  section). 

For  determining  the  net  sections,  rivet  holes  are  assumed 
to  be  of  i  inch  greater  diameter  than  the  cold  rivet. 
Compression  -^^  9,000  lbs. 

Reduced  by  Gordon's  formula  using  a  factor  of  safety  5. 
Sheer  in  Webs  of  Plate  Girders,  7,500  lbs. 
Rivet  Bearing  =  15,000  lbs. 
Shearing  Strain  on  Rivets  =  7,500  lbs. 

For  field  connections  the  number  of  rivets  thus  found  shall  be 
increased  25%,  if  driven  by  hand,  but  increased  10%,  if  driven  by 
power. 

All  girders  shall  have  a  sufficient  number  of  end  stiff eners  to 
transmit  vertical  shear  into  the  web,  and  all  rivets  in  these  end  stiffen- 
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ers  shall  be  counted  upon  to  take  this  vertical  shear.  Intermediate 
stiflfeners  shall  be  used  at  points  of  superimposed  concentrated  loading. 
Rivet  pitch  for  stiffencrs  shall  not  exceed  4^  inches.  StiflFeners  shall 
be  used  on  all  girders,  the  webs  of  which  are  less  in  thickness  than 
rtV  of  their  unsupported  depth,  also  on  all  girders  the  webs  of  which 
sustain  a  greater  load  than  is  allowed  by  the  following  formula: 

11,000 

1+  * 


3,000  t^ 
Tn  wliich 

P  equals  allowed  strain  per  square  inch  of  section, 
d   equals  unsupported  depth  of  web  in  inches, 
t    equals  thickness  of  web  in  inches. 

Intermediate  stiffeners  shall  be  spaced  not  more  than  5  feet  apart, 
usually  at  intervals  equal  to  the  depth  of  the  girder,  and  as  shown 
on  detail  drawings. 

Girders  which  carry  masonry  arches  shall  be  provided  with  shelf 
angles  as   required  by  drawings. 

In  calculating  shearing  strains  and  bearing  strains  on  web  rivets 
of  plate  girders  the  whole  of  the  shear  acting  on  the  side  of  the  panel 
next  to  the  support  is  considered  to  be  transferred  into  the  flange  angles 
in  a  distance  equal  to  the  depth  of  the  girder. 

Where  cover  plates  are  used,  one  cover  plate  must  be  of  full  length 
of  girder  on  top  flange  where  shown  or  noted. 

Girder  bearing  plates  are  so  proportioned  that  the  pressure  upon 
the  bridge  seat  shall  not  exceed  400  pounds  per  square  inch,  except 
for  the  31st  Street  and  33rd  Street  viaducts  where  they  are  propor- 
tioned for  250  pounds  per  square  inch. 

Base  plates  of  columns  are  so  proportioned  that  the  pressure  upon 
the  cut  granite  cap  stones  shall  not  exceed  750  pounds  per  square 
inch. 

Tlie  pitch  of  rivets  shall  not  be  less  than  three  diameters  of  the 
rivet,  not  greater  than  four  diameters  of  rivet  in  end  panels  and  not 
greater  than  six  inches  in  single  rows  or  4|  inches  alternating,  in  any 
case.  At  the  end  of  columns  the  pitch  shall  not  exceed  four  diameters 
of  the  rivet  for  a  length  equal  to  twice  the  width  of  the  column. 

The  distance  from  the  center  of  a  rivet  hole  to  the  rolled  edge  of 
any  piece  must  not  be  less  that  li  times  the  diameter  of  the  rivet 
and  in  no  case  less  than  1^  inches  and  not  greater  than  8  times  the 
thickness  of  the  thinnest  plate. 

Rivet  grip  shall  not  exceed  five  diameters  of  the  rivet. 

Countersunk  rivets  shall  be  assumed  to  have  f  of  the  value  of  rivets 
having  full  heads. 

The  compression  flanges  of  plate  girders  have  been  designed  of 
same  section  as  that  determined  for  tension  flanges. 
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Columns  and  girders  shall  not  be  spliced  without  the  approval  of 
the  Engineers  unless  so  shown  on  the  drawings.  The  webs  of  plate 
girders  must  be  spliced  at  all  joints  by  a  plate  or  plates  on  each  side 
of  the  web. 

Due  account  must  be  taken  of  the  fact  that  the  girders  under  and 
east  of  7th  Avenue  have  been  so  designed  that  i  of  their  web  section 
is  included  in  the  area  of  the  flange. 

The  abutting  joints  of  columns  which  are  spliced  must  be  milled, 
and  the  splices  must  be  symmetrical  and  be  sufficient  to  maintain  the 
parts  accurately  in  contact  and  against  tendency  to  displacement. 

If  it  be  required  to  splice  flanges  of  girders,  such  splices  must  de- 
velop the  full  strength  of  the  abutting  sections. 

Worhmanship. — All  riveted  work  shall  be  sub-punched  and  reamed 
xV  of  an  inch  larger  than  the  diameter  of  the  cold  rivet,  and  when  the 
pieces  forming  one  built  member  are  put  together  the  holes  must  be 
truly  opposite,  and  any  burr  due  to  reaming  must  be  removed.  Material 
more  than  |  of  an  inch  thick  shall  be  drilled. 

All  holes  for  field  connections  shall  be  accurately  drilled  to  a  tem- 
plate or  reamed  while  the  connecting  parts  are  temporarily  put  to- 
gerther. 

Rivets  shall  be  |  and  |  of  one  inch  in  diameter,  as  required  by 
drawings.  They  shall  have  full  hemispherical  heads  except  where 
countersunk,  and  shall  completely  fill  the  holes  and  be  true  and  per- 
fect in  every  way. 

Any  loose,  burnt  or  otherwise  defective  rivets  discovered  at  any 
stage  of  the  work  shall  be  cut  out  and  replaced  by  the  Contractor. 

All  shop  rivets  shall  be  machine  driven. 

Countersunk  rivet  heads  shall  be  chipped  where  required  by  the 
drawings. 

All  riveted  work  shall  be  straight,  free  from  open  joints,  and 
present  a  neat  appearance.     Deformity  will  be  cause  for  rejection. 

All  rolled  shapes  shall  be  straight  and  true  to  section.  Deformity 
will  be  cause  for  rejection. 

All  stiffeners  on  girders  shall  be  fltted  to  bear  against  top  and 
bottom  flanges,  including  fillers.  All  end  stiffeners  of  girders  must  be 
in  a  true  plane  and  square  to  the  flange  of  the  girder,  unless  otherwise 
shown. 

Where  sole  plates  are  used  on  girders  they  must  be  bolted  firmly  to 
flange  angles  before  end  stiffeners  are  fitted. 

The  foot  of  all  columns  and  the  tops  of  columns  where  shown  on 
or  required  by  drawings  shall  be  faced  at  right  angles  to  the  axis  of 
the  column.  This  facing  shall  be  done  after  connecting  knees,  gussets 
and  base  angles  or  cap  angles  are  riveted  to  the  column,  and  the  con- 
necting parts  shall  be  placed  so  carefully  that  after  facing  they  shall 
have  a  perfect  bearing. 
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Shoes  and  cap  plates  shall  be  perfectly  straight. 

Where  noted  on  drawings  girders  which  frame  between  columns 
(and  all  other  girders  similarly  marked)  shall  be  made  of  the  exact 
length  required  by  the  drawings  or  their  ends  must  be  faced  true  and 
square. 

Girder  sole  plates  to  be  planed  on  bottom  where  required  by  draw- 
ings. 

Bearing  plates  on  masonry  to  be  perfectly  straight  and  true. 

Tops  of  cast  iron  pedestals  shall  be  planed  true. 

No  material  that  has  been  damaged  in  handling  will  be  accepted 
in  any  part  of  the  work.  All  workmanship  shall  be  first  class  in  every 
respect   and   satisfactory  to   the   Engineers. 

Quality  of  Material. — Rolled  Steel. — The  steel  is  to  be  made  by 
the  open  hearth  process,  and  the  finished  product  must  be  free  from 
injurious  defects  and  be  straight  and  true  to  section,  with  smooth 
surface  and  clean  edges. 

All  steel  except  that  for  rivets  shall  be  medium  steel. 

If  made  by  the  acid  process  it  shall  not  contain  more  than  0.08% 
phosphorus,  and  if  made  by  the  basic  process  not  over  0.06%  phos- 
phorus. 

Steel  shall  have  an  ultimate  tensile  strength  of  from  60  000  to  70  000 
pounds  per  square  inch;  an  elastic  limit  at  least  one-half  of  the  ulti- 
mate strength,  and  a  minimum  elongation  in  8  inches  of  22%. 

The  elastic  limit  of  the  steel  is  to  be  determined  by  the  drop  of 
the  beam  or  halt  in  the  gauge  of  the  testing  machine. 

Rivet  steel  shall  not  contain  more  than  0.04%  phosphorus,  not 
over  0.05%  sulphur  and  not  more  than  0.05%  manganese. 

Rivet  steel  shall  have  an  ultimate  tensile  strength  of  from  48  000 
to  56  000  pounds  per  square  inch,  an  elastic  limit  not  less  than 
28  000  lbs.  per  square  inch,  a  minimum  elongation  in  8  inches  of  28%, 
with  an  average  reduction  in  area  of  about  56%. 

A  variation  in  cross-section  or  weight  of  material  of  more  than 
2^%  from  that  specified  may  be  cause  for  rejection. 

Certified  ladle  analysis  will  be  required  of  all  heats,  free  of  charge. 
Tlie  Engineers  may  have  check  analysis  made  of  drillings  from  the 
finished  material,  which  shall  determine  the  acceptance  of  the  material. 
The  limits  of  phosphorus  so  found  shall  not  exceed  the  specified  limits 
by  more  than  25%.  Samples  for  chemical  analysis  to  be  taken  from 
each  heat  and  from  drillings  of  the  finished  product. 

Every  finished  plate,  bar  or  shape  shall  be  stamped  with  a  number 
identifying  the  heat  and  plainly  marked. 

Tensile  and  bending  tests  shall  be  made  on  test  pieces  cut  from 
the  finished  material  representing  each  heat. 

The  test  piece  shall  be  a  manufacturers'  standard  test  piece  of 
8  inches  gauged  length,  of  full  thickness  of  material  under  test. 
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Steel  shall  bend  cold  180  degrees  around  a  diameter  equal  to 
the  thickness  of  the  specimen  tested  without  showing  cracks  on  the 
outside  of  the  bent  portion. 

Rivet  steel  shall  bend  cold  180  degrees  flat  on  itself  without  show- 
ing cracks  on  the  outside  of  the  bent  portion. 

Rivets  cut  out  from  work  in  which  they  have  been  driven  shall 
show  a  tough,  silky  structure  with  no  crystalline  appearance.  Every 
steel  plate,  bar  or  shape  must  be  capable  of  standing  a  drifting  test 
by  punching  a  ^-inch  hole  li  inches  from  the  edge  and  enlarging  this 
hole  to  li  times  its  original  diameter  without  cracking  the  metal. 

The  fracture  of  all  steel  must  be  silky  and  have  no  crystalline 
appearance. 

The  Contractor  shall  furnish  free  of  charge  prepared  specimens 
for  testing,  the  use  of  a  testing  machine  satisfactory  to  the  Engineers 
and  all  facilities  and  necessary  assistance,  for  making  the  tests. 

All  material  shall  be  new  and  free  from  rust  when  received  at 
the  shop  and  there  protected  against  undue  damage  to  shape  or 
surface. 

No  material  shall  be  assembled  for  punching  and  reaming  before 
it  has   been   inspected  by  the  duly  authorized   shop   inspector. 

Paint  shall  not  be  applied  to  any  surface  until  it  has  been  in- 
spected. 

The  Contractor  for  the  steel  work  shall  furnish  facilities  for  in- 
spection and  testing  of  material  and  workmanship  at  any  time  during 
shop  hours  for  the  duly  authorized  representatives  of  the  Engineers. 

Cast  Iron. — All  castings  shall  be  of  tough,  gray  iron,  free  from 
injurious  cold  shuts  or  blow  holes,  true  to  pattern  and  of  workmanlike 
finish.  Test  bars  one  inch  square,  loaded  in  middle  between  supports 
12  inches  apart,  shall  bear  2,500  pounds  or  over,  and  deflect  0.15  of 
an  inch  before  rupture. 

Painting. — As  soon  as  the  work  is  riveted  in  the  shop  and  before 
being  exposed  to  the  weather,  it  shall  be  thoroughly  cleaned  and  given 
a  thorough  coating  of  Graphite  paint  or  "Tockolith." 

This  coating  shall  be  worked  into  all  joints  and  crevices. 

Surfaces  which  are  to  be  riveted  together  shall  be  painted  before 
assembling  with  one  good  coat  of  above  paint.  Any  parts  which  are 
to  be  riveted  together  in  erection  shall  receive  two  coats  of  paint  before 
leaving  the  shop. 

All  rolled  shapes  except  those  to  be  used  in  the  concrete  steel  floor 
plates  shall  be  painted  as  provided  herein  for  riveted  work. 

All  of  the  steel  beams  of  the  concrete  steel  floor  plates  which  are 
to  be  imbedded  in  concrete  shall  be  thoroughly  cleaned  and  shipped 
without    painting. 

All  the  plate  girders  in  the  work  east  of  7th  Avenue  which  are 
to  be  encased  in  concrete  shall  be  thoroughly  cleaned  and  painted  with 
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one  coat  of  "Tockolith,"  except  that  on  their  bottom  flanges  either 
Graphite  paint  or  ''Tookolith"  shall  be  used  as  provided  herein  for 
all  other  steel  work. 

Graphite  paint  to  be  used  on  the  work  shall  be  Dixon's  Silica 
Graphite  Paint,  manufactured  by  Joseph  Dixon  Crucible  Company, 
Jersey  City,  N.  J.,  or  other  grai)liite  paint  of  equal  quality  and  satis- 
factory to  the  Engineers. 

"Tockolith"  to  be  used  on  the  work  shall  be  the  Portland  Cement 
paint  of  that  name  known  as  "^[arinc  Tockolith,"  manufactured  by 
Toch  Brothers   of  New   York   City. 

The  vehicle  of  the  above  grai)hite  paint  shall  be  boiled  linseed  oil. 
No  adulterated  or  thinner  oils  shall  be  used.  The  boiled  linseed  oil 
must  be  absolutely  pure,  containing  no  matters  volatile  at  Two  hun- 
dred (200)  degrees  F.  in  a  current  of  hydrogen;  shall  not  contain  any 
resin  or  manganese  and  shall  be  perfectly  clear  upon  delivery,  and  on 
standing  no  deposit  should  form,  providing  the  oil  be  kept  at  a 
temperature  of  forty-five  (45)  degrees  F.  The  film  left  after  flowing 
the  oil  over  glass  and  allowing  it  to  drain  in  a  vertical  position,  must 
be  dry  to  the  touch  after  twenty-four  (24)   hours. 

No  painting  shall  be  done  in  wet  or  freezing  weather  and  no 
paint  shall  be  applied  to  damp  surfaces  or  surfaces  which  are  not 
thoroughly   clean   or  dry. 
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APPEISrD  IX     c. 

Station  Building  Steel. 

General  Description. — These  specifications  relate  to  manufacture 
and  delivery  of  material  required  for  the  steel  frame  of  the  New  York 
Passenger  Station  Building  for  the  New  York  Terminal. 

This  building  is  a  structure  of  the  "cage"  construction  type,  founded 
on  masonry  piers  at  and  below  track  level,  approximately  40  feet 
below  the  average  elevation  of  the  curbs  of  the  surrounding  streets 
and  avenues. 

The  sidewalk  beams  along  Seventh  and  Eighth  Avenues  are  in- 
cluded in  this  contract,  but  the  sidewalk  beams  and  other  structures 
outside  of  the  building  under  Thirty-first  and  Thirty-third  Streets 
are  not  included  in  this  contract.  Provision  must  be  made,  however, 
for  the  attachment  of  the  parts  of  the  Thirty-first  and  Thirty-third 
Street  bridges  to  the  building  structure. 

Loads. — In  determining  the  weight  of  the  structures  for  the  pur- 
pose of  calculating  strains  the  weight  of  masonry  floors  has  been 
assumed  at  140  pounds  per  cubic  foot.  The  structure  has  been  de- 
signed for  the  dead  load  plus  the  following  live  loads: 

Table  of  Live  Loads. — Mezzanine  Floors. — Waiting  Rooms  and 
Concourse,  150  lbs.  per  square  foot. 

All  other  floors  below  street,  300  lbs.  per  square  foot. 

Street  Floors. — The  entire  Street  Floor,  150  lbs.  per  square  foot. 

Sidewalks,  300  lbs.  per  square  foot. 

Upper  Floors. — Floors  of  kitchen  and  second  story  shops,  150  lbs. 
per  square  foot. 

All  other  floors  above  street,   100  lbs.  per  square  foot. 

Roofs. — Roofs  which  pitch  more  than  20  degrees,  30  lbs.  per  square 
foot. 

All  other  roofs,  50  lbs.  per  square  foot. 

Proportion  of  Parts. — The  various  parts  of  the  structures  are  pro- 
portioned to  sustain  the  following  unit  strains  given  in  pounds  per 
square  inch: 

Tension  =  16,000  lbs.   (net  section). 

Tension  in  Riveted  Sections  =  14,000  lbs.  (net  section). 

For  determining   the  net  sections,   rivet   holes   are  assumed  to 
be  of  i  inch  greater  diameter  than  the  cold  rivets. 

I 
Compression  =  15,200  lbs.  —  58  "—• 

Wherein  I  is  the  length  of  the  member  in  inches  and  r  is  the 
least  radius  of  gyration  in  inches. 
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No  column  or  strut  shall  have  a  length  greater  than  120  times  its 
least  radius  of  gyration. 

Shear  in  webs  of  plate  girders  (gross  section).     9,000  lbs. 

Kivet  bearing    20,000     " 

Shearing    strain    on    shop    rivets    shall    not 

exceed    10,000     " 

Shearing    strain     on     field    rivets    shall    not 

exceed    8,000     " 

All  girders  shall  have  a  sufficient  number  of  end  stifFeners  to 
transmit  vertical  shear  into  the  web,  and  all  rivets  in  these  end  stifPen- 
ers  shall  be  counted  upon  to  take  this  vertical  shear.  Intermediate 
stiffeners  shall  be  used  at  points  of  superimposed  concentrated  load- 
ing. Rivet  pitch  for  stiffeners  shall  not  exceed  4J  inches.  Stiffeners 
shall  be  used  on  all  girders,  the  webs  of  which  are  less  in  thickness 
than  uV  of  their  unsupported  depth,  also  on  all  girders  the  webs  of 
which  sustain  a  greater  load  than  is  allowed  by  the  following  formula : 

11,000 

^  3,000  «2 

In  which  P  equals  allowed  strain  per  square  inch  of  section. 
d  equals  unsupported  depth  of  web   in  inches. 
t  equals  thickness  of  web  in  inches. 
Intermediate  stiffeners  shall  be  spaced  at  intervals  not  exceeding 
120  times  the  thickness  of  the  web,  and  in  no  case  more  than  5  ft.,  as 
shown   on   detail   drawings. 

Girders  which  carry  masonry  arches  shall  be  provided  with  shelf 
angles  as  required  by  drawings. 

In  calculating  shearing  strains  and  bearing  strains  on  web  rivets 
of  plate  girders  the  whole  of  the  shear  acting  on  the  side  of  the 
panel  next  to  the  support  is  considered  to  be  transferred  into  the 
flange  angles  in  a  distance  equal  to  the  depth  of  the  girder. 

Where  cover  plates  are  used,  one  cover  plate  must  be  of  full  length 
of  girder  on  top  flange  where  shown  or  noted. 

Bearing  plates  for  beams  and  girders,  which  rest  on  masonry,  are 
proportioned  in  accordance  with  the  following  table  of  bearing  values 
on  masonry: 

Brick  work  in  Portland  cement  mortar,  250  lbs.  per  sq.  in. 
Portland  cement  concrete,  208  lbs.  per  sq.  in. 

The  pitch  of  rivets  shall  not  be  less  than  three  diameters  of  the 
rivet,  not  greater  than  four  diameters  of  rivet  in  end  panels,  and  not 
greater  than  six  inches  in  single  rows  or  4i  inches  alternating,  in 
any  case.     At  the   end   of  columns  the  pitch  shall   not  exceed  four 
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diameters  of  the  rivet  for  a  length  equal  to  twice  the  width  of  the 
columns. 

The  distance  from  the  center  of  a  rivet  hole  to  the  rolled  edge 
of  any  piece  must  not  be  less  than  1^  times  the  diameter  of  the  rivet, 
and  in  no  case  less  than  1|  inches  and  not  greater  than  eight  times 
the  thickness  of  the  thinnest  plate. 

Rivet  grip  shall  not  exceed  five  diameters  of  rivet. 

Countersunk  rivets  shall  be  assumed  to  have  f  of  the  value  of  the 
rivets   having  full   heads. 

The  compression  flanges  of  plate  girders  have  been  designed  of 
same  section  as  that  determined  for  tension  flanges. 

Columns  and  girders  shall  not  be  spliced  without  the  approval  of 
the  Engineers  unless  so  shown  on  the  drawings.  The  webs  of  plate 
girders  must  be  spliced  at  all  joints  by  a  plate  or  plates  on  each  side  of 
the  web. 

The  abutting  joints  of  columns  which  are  spliced  must  be  milled, 
and  the  splices  must  be  symmetrical  and  be  sufficient  to  maintain  the 
parts  accurately  in  contact  and  against  tendency  to  displacement. 

If  it  be  required  to  splice  flanges  of  girders,  such  splices  must 
develop  the  full  strength  of  the  abutting'  sections. 

WorJcmanship. — All  riveted  work  shall  be  sub-punched  and  reamed 
jV  of  an  inch  larger  than  the  diameter  of  the  cold  rivet,  and  when 
the  pieces  forming'  one  built  member  are  put  together  the  holes  must 
be  truly  opposite,  and  any  burr  due  to  reaming  must  be  removed. 
Material  more  than  |  of  an  inch  thick  shall  be  drilled. 

All  holes  for  field  connections  shall  be  accurately  drilled  to  a 
template. 

Rivets  shall  be  |  and  g  of  one  inch  in  diameter,  as  required  by 
drawings.  They  shall  have  full  hemispherical  heads  except  where 
countersunk,  and  shall  completely  fill  the  holes  and  be  true  and  perfect 
in  every  way. 

Any  loose,  burnt  or  otherwise  defective  rivets  discovered  at  any 
stage  of  the  work  shall  be  cut  out  and  replaced  by  the  Contractor. 

All  shop  rivets  shall  be  machine  driven. 

Countersunk  rivet  heads  shall  be  chipped  where  required  by  the 
drawings. 

All  riveted  work  shall  be  straight,  free  from  open  joints  and  present 
a  neat  appearance.  Deformity  will  be  cause  for  rejection. 

All  rolled  shapes  shall  be  straight  and  true  to  section.  Deformity 
will  be  cause  for  rejection. 

All  stiffeners  on  girders  shall  be  fitted  to  bear  against  top  and 
bottom  flanges,  including  fillers.  All  end  stiffeners  of  girders  must  be 
in  a  true  plane  and  square  to  the  flange  of  the  girder,  unless  otherwise 
shown. 
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Where  sole  plates  are  used  on  girders  they  must  be  bolted  firmly 
to   flange  angles  before  end  stiffeners  are  fitted. 

The  foot  of  all  columns  and  the  tops  of  columns  wlicre  shown  on 
or  ro<iuirod  by  drawings  shall  be  faced  at  right  angles  to  the  axis  of 
the  column.  This  facing  shall  bo  done  after  connecting  knees,  gussets 
and  base  angles  or  cap  angles  are  riveted  to  the  cohimn,  and  the  con- 
necting parts  shall  be  placed  so  carefully  that  after  facing  they  shall 
have  a  i)erfect  bearing. 

Shoos   and   cap   plates   shall  be   perfectly   straight. 

Whore  noted  on  drawings,  girdere  which  frame  between  columns 
(niiil  all  other  girders  similarly  marked)  shall  be  made  of  the  exact 
length  required  by  the  drawings  or  their  ends  must  be  faced  true  and 
square. 

Girder  sole  plates  to  be  planed  on  bottom,  where  required  by  draw- 
ings.    Bearing  plates  on  masonry  to  be  perfectly  straight  and  true. 

Tops  of  cast  iron  pedestals  shall  be  planed  true. 

Xo  material  that  has  been  damaged  in  handling  will  be  accepted 
in  any  part  of  the  work.  All  workmanship  shall  be  first  class  in  every 
respect  and  satisfactory  to  the  Engineers. 

Quality  of  Material. — Boiled  Steel. — The  steel  is  to  be  made  by  the 
open  hearth  process,  and  the  finished  product  must  be  free  from  in- 
jurious defects  and  be  straight  and  true  to  section,  with  smooth  sur- 
face and  clean  edges. 

All  steel  except  that  for  rivets  shall  be  medium  steel. 

If  made  by  the  acid  process  it  shall  not  contain  more  than  0.08% 
phosphorus,  and  if  made  by  the  basic  process  not  over  0.06%  phos- 
phorus. 

Steel  shall  have  an  ultimate  tensile  strength  of  from  60,000  to  70,- 
000  pounds  per  square  inch;  an  elastic  limit  at  least  one-half  of  the 
ultimate  strength,  and  a  minimum  elongation  in  8  inches  of  22%. 

The  elastic  limit  of  the  steel  is  to  be  determined  by  the  drop  of 
the  beam  or  halt  in  the  gauge  of  the  testing  machine. 

Rivet  steel  shall  not  contain  more  than  0.04%  phosphorus,  not 
(ivcr  0.0.5%  sulphur  and  not  more  than  0.5%  manganese. 

Rivet  steel  shall  have  an  ultimate  tensile  strength  of  from  48,000 
tn  aO.OOO  pounds  per  square  inch,  an  elastic  limit  not  less  than  28,000 
pniinds  per  square  inch,  a  minimum  elongation  in  8  inches  of  28%, 
with  an  average  reduction  in  area  of  about  56%. 

A  variation  in  cross-section  or  weight  of  material  of  more  than 
2A%  from  that  specified  may  be  cause  for  rejection. 

Certified  ladle  analysis  will  bo  required  of  all  heats,  free  of  charge. 
The  Engineers  may  have  check  analysis  made  of  drillings  from  the 
finished  material,  which  shall  determine  the  acceptance  of  the  ma- 
torial.     The  limits  of  phosphorus  so  found  shall  not  exceed  the  speci- 
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fied  limits  by  more  than  25%.  Samples  for  chemical  analysis  to  be 
taken  from  each  heat  and  from  drillings  of  the  finished  product. 

Every  finished  plate,  bar  or  shape  shall  be  stamped  with  a  number 
identifying  the  heat  and  plainly  marked. 

Tensile  and  bending  tests  shall  be  made  on  test  pieces  cut  from  the 
finished  material  representing  each  heat. 

The  test  piece  shall  be  a  manufacturers'  standard  test  piece  of  8 
inches  gauged  length,  of  full  thickness  of  material  under  test 

Steel  shall  bend  cold  180  degrees  around  a  diameter  equal  to  the 
thickness  of  the  specimen  tested  without  showing  cracks  on  the  outside 
of  the  bent  portion. 

Rivet  steel  shall  bend  cold  180  degrees  flat  on  itself  without  show- 
ing cracks  on  the  outside  of  the  bent  portion. 

Rivets  cut  out  from  work  in  which  they  have  been  driven  shall  show 
a  tough,  silky  structure  with  no  crystalline  appearance.  Every  steel 
plate,  bar  or  shape  must  be  capable  of  standing  a  drifting  test  by  punch- 
ing a  I  inch  hole  1^  inches  from  the  edge  and  enlarging  this  hole  to  1^ 
times  its  original  diameter  without  cracking  the  metal. 

The  fracture  of  all  steel  must  be  silky  and  have  no  crystalline  ap- 
pearance. 

The  Contractor  shall  furnish  free  of  charge  prepared  specimens  for 
testing,  the  use  of  a  testing  machine  satisfactory  to  the  Engineers  and 
all  facilities  and  necessary  assistance  for  making  the  tests. 

All  material  shall  be  new  and  free  from  rust  when  received  at  the 
shop  and  there  protected  against  undue  damage  to  shape  or  surface. 

No  material  shall  be  assembled  for  punching  and  reaming  before  it 
has  been  inspected  by  the  duly  authorized  shop  inspector. 

Paint  shall  not  be  applied  to  any  surface  until  it  has  been  inspected. 

The  Contractor  for  the  steel  work  shall  furnish  facilities  for  inspec- 
tion and  testing  of  material  and  workmanship  at  any  time  during  shop 
hours  for  the  duly  authorized  representatives  of  the  Engineers. 

Cast  Iron. — All  castings  shall  be  of  tough,  gray  iron,  free  from  in- 
jurious cold  shuts  or  blow  holes,  true  to  pattern  and  of  workmanlike 
finish.  The  test  bars  one  inch  square,  loaded  in  middle  between  sup- 
ports 12  inches  apart,  shall  bear  2,500  pounds  or  over,  and  deflect  0.15 
of  an  inch  before  rupture. 

Painting. — As  soon  as  the  work  is  riveted  in  the  shop  and  before 
being  exposed  to  the  weather,  it  shall  be  thoroughly  cleaned  and  given 
a  thorough  coating  of  paint. 

This  coating  shall  be  worked  into  all  joints  and  crevices. 

Surfaces  which  are  to  be  riveted  together  shall  be  painted  before 
assembling  with  one  good  coat  of  paint.  Any  parts  which  are  to  be 
riveted  together  in  erection  shall  receive  two  coats  of  paint  before 
leaving  the  shop. 

All  rolled  shapes  shall  be  painted  as  provided  herein  for  riveted 
work. 
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All  paint  for  this  work  shall  be  made  in  accordance  with  the  follow- 
ing specifications : 

Pigment    15%  by  weight. 

Linseed  Oil  and  Driers 75%    "        " 

Mineral  Oil  not  volatile  at  212°  Fahrenheit. .     5%    "        " 
Volatile  Material  at  or  below  212°  Fahrenheit     5%    "       " 

The  pigment  must  consist  of  55  per  cent,  lamp  black  and  45  per 
cent,  white  lead,  a  variation  of  not  more  than  two  per  cent,  either  way 
in  any  of  the  constituents  being  allowed,  and  should  the  variation  ex- 
ceed the  two  per  cent,  above  mentioned,  the  paint  will  be  rejected. 

It  will  be  noted  that  the  paint  above  specified  is  supposed  to  be 
ready  for  spreading  when  received,  and  it  must  be  so  well  ground,  and 
the  materials  used  of  such  a  kind,  that  it  will  spread  well  under  fair 
usage  in  the  hands  of  the  painters.  The  japans  must  be  of  such  a  kind 
that  the  paint  will  dry  over  night,  under  average  conditions  of  weather, 
so  that  it  may  be  second  coated  without  difficulty.  The  lamp  black  and 
white  lead  must  be  pure  and  of  good  quality,  and  free  from  admixtures 
of  other  materials. 

A  sample  gallon  of  the  paint  must  be  furnished  and  approved  beforfi 
the  paint  is  used  on  the  work.  Samples  of  not  less  than  one  pint  will 
be  taken  at  random  by  the  duly  authorized  inspector  from  each  of  ten 
barrels  and  will  be  sent  to  Charles  B.  Dudley,  Chemist,  Altoona,  Pa., 
in  "Sample  for  Test"  box  and  can  accompanied  by  "Sample  for  Test" 
tag  properly  filled  out,  and  paint  must  not  be  used  until  report  of  test 
is  received.    Care  will  be  taken  to  secure  a  well  mixed  sample. 

The  boiled  linseed  oil  must  be  absolutely  pure,  containing  no  mat- 
ters volatile  at  two  hundred  (200)  degrees  F.  in  a  current  of  hydrogen ; 
shall  not  contain  any  resin  or  manganese  and  shall  be  perfectly  clear 
upon  delivery,  and  on  standing  no  deposit  should  form,  providing  the 
oil  be  kept  at  a  temperature  of  forty-five  (45)  degrees  F.  The  film 
left  after  flowing  the  oil  over  glass  and  allowing  to  drain  in  a  vertical 
position,  must  be  dry  to  the  touch  after  twenty-four  (24)  hours. 

No  painting  shall  be  done  in  wet  or  freezing  weather  and  no  paint 
shall  be  applied  to  damp  surfaces  or  surfaces  which  are  not  thoroughly 
clean  and  dry. 
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Introduction. 

The  purpose  of  this  paper  is  to  describe  concisely  the  New  York 
Tunnel  Extension  of  The  Pennsylvania  Railroad,  and  to  record  the 
methods  followed  in  the  design  and  execution  of  the  portion  of  the 
work  entrusted  to  the  writer's  department. 

An  outline  of  the  entire  terminal  project  is  given  in  the  paper* 
by  Brig.-Gen.  Charles  W.  Raymond,  M.  Am.  Soc.  C.  E.,  Chairman  of 
the  Board  of  Engineers,  in  which  it  is  shown  that  the  construction 
was  carried  on  under  four  general  divisions,  namely: 

(1)  The  Meadows  Division,  under  Alexander  C.  Shand,  Chief 
Engineer,  comprised  the  construction  of  an  interchange  yard  near 
Newark,  termed  the  "Manhattan  Transfer,"  and  a  double-track  railroad 
from  the  yard  to  Bergen  Hill.  The  work  of  this  division  included 
the  laying  of  all  tracks  ready  for  their  equipment  with  signals  and 
traction  apparatus. 

Note. — These  papers  are  issued  before  the  date  set  for  presentation  and  discus- 
sion. Correspondence  is  invited  from  those  who  cannot  be  present  at  the  meeting, 
and  may  be  sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or  written,  will 
be  published  in  a  subsequent  number  of  Proceedings,  and,  when  finally  closed,  the 
papers,   with  discussion   in  full,  will  be   published   in   Transactions. 

*  Transactions,  Am.  Soc.  C.  E.,  Vol.  LXVIII,  p.  1. 
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(.2)  The  North  liivor  J)ivision,  under  Charles  M.  Jacobs,  M.  Am. 
Soc.  C.  E.,  Chief  Engineer,  cuinprised  tlie  driving  of  two  tunnels 
und«r  Jk'rgen  Hill  and  the  Xurtli  Kiver  to  Tenth  Avenue,  Borough 
of  Manhattan;  also  the  excavation  and  retaining-wall  work  in  that 
portion  of  the  Terminal  jard  west  of  and  under  Ninth  Avenue. 

(3)  The  East  Kiver  Division,  under  Alfred  Noble,  Past-President, 
Am.  Soc.  C.  E.,  Chief  Engineer,  comprised  the  excavation  of  the  main 
station  yard  to  sub-grade;  the  building  of  marginal  retaining  walls 
from  Ninth  Avenue  to  the  west  side  of  Seventh  Avenue;  the  construc- 
tion of  the  cross-town  tunnels  under  32d  and  33d  Streets,  beginning 
with  the  normal  tunnel  sections  between  Seventh  and  Sixth  Avenues, 
and  continuing  as  four  separate  tunnels  to  and  under  the  East  Kiver 
and  to  the  Long  Island  City  portals ;  the  construction  of  the  approaches, 
and  of  Sunnyside  Yard,  including  the  grading  and  viaducts;  also,  in 
part,  the  main  yard  buildings. 

(4)  The  Division  of  the  writer,  Chief  Engineer  of  Electric  Traction 
and  Terminal  Station  Construction,  comprised  the  design  and  con- 
struction of  the  structures  and  facilities  hereinafter  described. 

Because  of  the  great  variety  of  subjects  involved,  it  has  been  found 

necessary  to  treat  each  quite  generally,  referring  only  in  some  detail 

to  special  features,  but  leaving  the  complete  description   of  any   and 

all    features   for   other   engineers.      For   a   fvill    understanding   of   the 

project,  as  it   relates  to   railroad  operation,   it  has  been   necessary  to 

repeat  certain  information  given  in  other  papers,  but,  as  far  as  possible, 

the  description  has  been  -'OJifined  to  the  work  inehuled  in  the  writer's 

Division. 

Terminal   K.ulhoad. 

The  New  York  Tunnel  Extension,  undertaken  as  a  separate  project, 
starts  at  a  connection  with  the  New  York  Division  of  the  Pennsylvania 
Railroad,  at  Manhattan  Transfer,  one  mile  east  of  Newark,  N.  J.  It 
includes  a  transfer  yard  at  that  point,  a  double-track  elevated  line 
across  the  liackensack  Meadows,  two  tunnels  under  Bergen  Hill  and 
the  North  Kiver  to  the  inain  Station  yard  centrally  located  on  Man- 
hattan Island,  thence,  as  a  four-track  railroad,  across  the  City  and 
under  the  East  Kiver  to  and  including  a  verj'  large  storage  yard  in 
Long  Island  City,  and  a  connection  with  the  Long  Island  Kailroad  in 
that  yard.  Table  1  contains  the  general  data  as  to  the  location  and 
physical  characteristics  of  the  railroad. 
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Fu;.    1. — Station   Yakd,   Lookixi;    Towaijd   Ninth   Avenue  from  the   West   Side 
OF   THE   Post   Office. 


KiG.    2. — Station    Yard,    Between    Ninth    and    Tknih    Avenues, 
Looking   Westward. 
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The  actual  work  of  planning  this  railroad  began  in  the  early  part 
of  1902,  and  continued  until  its  completion,  practically  in  all  details, 
eight  years  thereafter.  Ivegular  Long  Island  Railroad  train  service 
was  opened  on  September  8th,  1910,  and  the  Pennsylvania  Railroad 
service  on  November  27th,  1910. 

The  primary  idea  of  the  Terminal  Railroad  was  to  provide  an  all- 
rail  line  to  a  centrally  located  station  in  New  York  City,  replacing  the 
existing  terminal  in  Jersey  City,  which  was  reached  from  New  York 
only  by  ferries.  Incidentally,  it  was  to  include  a  number  of  allied 
improvements  intimately  related  to  the  Tunnel  Extension  project  and 
with  a  direct  bearing  on  its  design.     These  were: 

1st. — Improvements  on  the  Long  Island  Railroad,  a  controlled 
property,  by  w'hich  its  main  terminal  would  be  shifted  from  Long  Island 
City  to  the  New  York  Station,  and  would  include  an  entire  reconstruc- 
tion of  its  main  line  to  Jamaica,  with  four-tracking,  electrification, 
and  the  elimination  of  grade  crossings. 

M. — To  open  the  residential  sections  of  Long  Island  to  the  popula- 
tion of  the  thickly  settled  Borough  of  Manhattan,  and  to  offer  to 
Newark  (a  city  of  347  000  inhabitants)  and  other  populous  towns  in 
New  Jersey  direct  and  quick  access  to  the  resorts  on  the  ocean 
beaches. 

Sd. — A  direct  rail  connection  via  the  Long  Island  Railroad  to  the 
West  and  South  from  the  lieart  of  Brooklyn  and  Queens  Boroughs  of 
New  York  City,  containing  1  900  000  people,  growing  rapidly,  and  with 
ample  area  to  accommodate  a  very  large  population. 

J^th. — The  project  (not  yet  carried  into  execution)  of  an  all-rail 
connection  for  the  New  England  States,  through  New  York  City,  to 
the  South  and  West  for  passenger  service.  This  will  be  accomplished 
by  building  the  "New  York  Connecting  Railway"  from  Sunnyside 
Yard,  on  the  New  York  Terminal  Railroad,  to  Port  Morris,  on  the 
New  York,  New  Haven  and  Hartford  Railroad,  bridging  the  East 
River  at  Hell  Gate. 

5th. — A  down-town  passenger  terminal  in  the  City  of  New  York, 
secured  by  the  electrification  of  the  present  New  York  Division  tracks 
from  Newark  to  Jersey  City,  and  at  that  point  connecting  with  the 
Hudson  and  ^lanhattan  Railroad  Company's  line  via  tunnels  under  the 
North  River  to  Church  and  Cortlandt  Streets,  New  York  City. 
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From  the  map*  it  is  seen  that  the  Station  of  this  new  railroad  is 
centrally  located,  close  to  Broadway,  the  main  city  artery,  and  will 
serve  the  combined  interests  of  business  and  residence  on  Manhattan 
Island.  The  district  south  of  Central  Park  (59th  Street)  is  being 
rapidly  given  over  to  business,  amusements,  and  transient  dwelling, 
and  is  the  center  for  the  moving  throngs  who  require  a  transportation 
service.  The  Station  is  also  central  between  the  down-town  business 
and  the  up-town  residence  districts. 

Time  Saving. — The  increase  in  convenience  and  the  actual  time 
saving  secured  to  the  traveling  public,  by  the  relocation  of  the  main 
terminal  of  the  great  railway  system  which  undertook  this  improve- 
ment, deserve  recognition.  Prior  to  undertaking  the  comprehensive 
scheme  of  rearrangement  of  and  additions  to  its  New  York  terminals, 
the  Pennsylvania  Railroad  Company's  station  was  at  Jersey  City, 
separated  from  the  actual  destination  of  its  passengers  by  a  wide 
river.  The  inconvenience  of  this  arrangement  was  lessened  as  far 
as  practicable  by  establishing  a  number  of  ferry  lines  to  various  points, 
along  the  water-front  of  Manhattan  Island  and  to  Brooklyn,  between 
which  fast  and  well-appointed  boats  were  run  at  frequent  intervals; 
but,  at  the  best,  transhipment  from  the  trains  to  the  city,  across 
the  river,  consumed  from  15  to  20  min,  in  good  weather  and  about 
twice  as  much  when  foggy.  From  the  marginal  street  along  the  river 
to  the  business  or  hotel  districts,  meant  a  further  time  of  from  10 
to  30  min.,  by  walking  or  by  car,  through  crowded  city  streets.  Pas- 
sengers to  Brooklyn  were  obliged  to  make  either  a  long  ferry  trip 
around  the  lower  end  of  Manhattan  Island,  or  a  journey  across  two 
rivers  and  the  city,  with  at  least  four  transfers  of  conveyance,  and 
the  consequent  loss  of  time,  and  inconvenience  in  arranging  for  bag- 
gage  connections. 

The  Long  Island  Railroad  had  its  main  terminal  in  Long  Island 
City,  10  min.  by  ferry  to  the  34th  Street  water-front,  and  30  min. 
by  ferry  to  the  down-town  district.  Its  Brooklyn  terminal,  at  Flat- 
bush  and  Atlantic  Avenues,  was  reached  by  a  steam  railroad  on  the 
surface  of  a  city  street  and  subject  to  the  delay  and  danger  of  opera- 
tion under  such  circumstances;  thence  the  traveler  was  carried  into 
the  down-town  business  portion  of  New  York  by  surface  or  elevated  car 
lines,  via  Brooklyn  Bridge,  and  later  by  the  subway. 

*  Transactions,  Am.  Soc.  C.  E.,  Vol.  LXVIII,  Fig.  1.  p.  5. 


PLATE  LXVII. 

PAPERS,  AM.  80C.  C.  E. 

MAY,   1911. 

GIBBS  ON 

PENN.   R.  R.  TUNNELS:    STATION,  TRACK,  YARDS,  ETC. 


:a^cg^^;^|^^^^^g^^^^cg>>afciaiss^iMgaa^^^ 


CROSS-SECTTON  OF  PLATFORM  AND  TRACK 

STATION  YARD 
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Under  the  new  conditions,  briefly  alluded  to  in  this  introduction, 
the  main  terminal  of  the  Pennsylvania  Kailroad,  used  also  by  the 
Lonji-  Island  Railroad,  is  in  the  heart  of  the  greater  City  of  New 
York,  and  is  reached  botli  from  the  cast  and  west  by  modern  electric 
lailwjiy  lines,  free  from  grade  crossings,  and  suitable  for  high  speed 
and  frequent  service.  The  down-town  business  district  is  reached 
from  the  west  by  rapid-transit  service  from  the  transfer  station  near 
Newark,  and  from  the  east  by  direct  subway  connection  at  Flatbush 
Avenue. 

The  time  saving  and  convenience  secured  to  the  public  by  these 
imi)rovements  are  evident.  Under  the  new  train  schedules,  Pennsyl- 
vania trains  arrive  at  the  New  York  Station  in  the  time  they  for- 
merly consumed  in  reaching  Jersey  City  and  lower  New  York,  and 
Long  Island  trains  in  shorter  time  than  that  taken  to  reach  Long 
Island  City.  In  other  words,  passengers  on  either  railway  destined 
to  the  center  of  New  York  City,  say  Broadway  and  34th  Street,  now 
save  30  min.  over  that  required,  under  the  best  conditions,  by  former 
methods  of  transportation. 

The  collection  of  statistics,  on  which  to  base  the  required  capacity 
of  tunnels  and  station,  was  early  begun  by  committees  of  the  operat- 
ing officers  of  the  Pennsylvania  Railroad,  who  formulated  reports 
and  made  recommendations  to  the  President,  fixing  the  general  char- 
acteristics of  the  entire  project  on  a  well-balanced  jilan,  in  which 
the  present  travel  and  anticipated  growth  for  years  in  the  future 
could  be  cared  for  without  undue  congestion  of  any  feature. 

The  maximum  capacity  of  the  tunnels  was  based  on  the  adopted 
speed  and  the  spacing  of  the  signals  controlling  train  movements. 
In  the  case  of  the  Station  yard,  the  tracks  were  laid  out  to  accommodate 
the  maximum  tunnel  capacity  (including  tunnels  to  be  built  in  the 
future),  and  tracks  were  assigned  to  each  separate  movement  of  a 
determined  character;  the  switching  work,  time  at  platforms,  and 
turn-around  movements  were  all  calculated,  and  working  schedules 
were  made.  From  the  above  followed  a  determination  of  the  size 
and  character  of  the  Station  Building. 

A  certain  plan  for  the  operating  methods,  assumed  by  the  com- 
mittee in  fixing  the  station  capacity,  led  to  the  following  assignments 
of  trains.  This  plan,  of  course,  is  subject  to  modifications  as  the 
classes  of  trains  vary  in   the  development  of  the  service;   thus,  the 
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following  is  on  the  assumption  that  all  Pennsylvania  trains  are 
handled  by  electric  locomotives;  if  in  the  future,  however,  multiple- 
unit  trains  should  be  substituted  for  local  service  to  New  Jersey  points, 
the  station  capacity  would  be  greatly  increased,  as  much  shifting 
and  transfer  to   Sunnyside  Yard  would  be  avoided: 

Approach  tracks  from  the  west 2 

"        "     east  4 

Speed  of  trains,  60  to  60  miles  per  hour. 

Train  interval  under  clear  signal 2^  min. 

Capacity  of  each  tunnel,  per  hour 26     trains. 

Maximum  capacity  of  all  tunnels,  per  hour.  .   156         " 

Station  Movements:  Loaded       Empty 

trains.         drafts. 

Pennsylvania  Railroad,  on  five  tracks 14  15 

Long  Island  Eailroad,      "      "         "      19  16 

"  "  "  suburban,      on      four 

tracks     54  0 

"           "            "         head   switching 24  0 

Pennsylvania  Railroad,  station  turn-around.  10  0 

"                    "       Sunnyside  Yard  drafts.  0  31 

Total    capacity 121  62 

Time  Allowance  for  Trains: 

Standing     at     platforms,     through     trains: 

Inbound    7  to  8  min. 

Outbound    15  "  20     " 

Station  turn-around: 

Local  trains   (tail  switching) 

Minimum  time  to  unload  train 1  min.  45  sec. 

"      "     load        "    2     « 

"  "     between      departure      of 

train  and  next  arrival  on  same  track.     1     "       20     " 
Maximum  daily  capacity  of  station,  based 

on  maximiam  hourly  capacity 1 160  trains. 

General   Information. — Other   general    statistics    of   the    Terminal 
Railroad  are  as  follows: 

Length  of  run,  Manhattan  Transfer  to  Penn- 
sylvania   Station 8.78  miles. 

Schedule  time,  Manhattan  Transfer  to  Penn- 
sylvania Station  13  min. 

Length  of  run,  Jamaica  to  Pennsylvania  Sta- 
tion   11-8  miles. 
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Fig.  1. — Station  Yard  :   Looking  Eastward  from  Ninth  Avenue. 


Fig.   2. — Hackensack    Portal  of   North    River  Tunnels. 
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Schedule  time,  Jamaica  to  Pennsylvania  Sta- 
tion      18.0  min. 

Total   length   of   Tunnel    Extension   Railway, 
Manhattan  Transfer  to  Laurel  Hill  Avenue, 

Long  Island    13.31  miles. 

Total  single-track  length  of  tunnels 14.52     " 

Length  of  Bergen   Ilill   Tunnel   section 6  050  ft. 

Length  of  river  section,  North  River  Tunnels.  6  430   *' 

Length  of  land  section.  North  River  Tunnels.  905    " 

Length  of  river  section,  East  River  Tunnels.  .  3  948    " 

Length  of  land  section.  East  River  Tunnels..  3  848    " 
Length  of  ci'oss-town  section,  Sixth  Avenue  to 

East  River  4  696    " 

Total   distance,   Hackensack   tunnel   portal  to 

Long  Island  City  tunnel  portals ,  . .  .  5.55  miles. 

Sunnyside  Yard: 

3d  Street  to  Laurel  Hill  Avenue 8  815  ft. 

Extreme  width    1 625    " 

Area    192  acres. 

Leng-th  of  yard  tracks  (present) 25.72  miles. 

Length  of  yard  tracks  (ultimate) 45.47     " 

Manhattan  Transfer  Yard: 

Length    4  050  ft. 

Width    250    " 

Area    23  acres. 

Length  of  yard  tracks 11-49  miles. 

Station  Yard: 

Length,  Tenth  Avenue  to  Sixth  Avenue.  .  3  488  ft. 

Width,   net,   at   track   level    (31st  to   33d 

Streets)     509    " 

Area    28.3  acres. 

Length  of  tracks 15.62  miles. 

Pennsylvania  Station: 

Length,  east  and  west 789  ft. 

Length,  north  and  south 430    " 

Area  (of  building  at  street  level) 7.5  acres. 

Total  trackage  of  Terminal  Railroad,  present.  94.52  miles. 

Total  main-line  trackage 44.0 

Initial    daily   train   service,    P.    R.    R.    trains, 

in  and  out 150 

Initial  daily  train  service,  L.  I.  R.  R.  trains, 

in  and  out 200 

Summer  schedule,   1911,  P.  R.  R.  service,  in 

and    out 200 
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Summer  schedule,  1911,  L.  I.  R.  R.  service,  in 

and  out  250 

Number     of     electric     locomotives     for     1911 

service 33 

Number  of  buildings  required  for  all  purposes.  64 

One  traction  power-house,   capacity 40  000  kw. 

Four  traction   sub-stations,  total   capacity....  24  000    " 

One  service  power-house,  initial  boiler  capacity.  2  625  h.p. 
Total  weight  of  structural  steel  used  for  entire 

Terminal    Railroad    construction 80  350  tons. 

Approximate  total  quantity  of  cement  used  for 

entire  Terminal  Railroad  construction 1  942  000  bbl. 

Excavation,   including  that   for   tunnels 6  936  673  cu.  yd. 

Station   Yard. 

The  main  yard  serving  the  Pennsylvania  Station  Building  is 
between  Seventh  and  I'enth  Avenues,  and  31st  and  33d  Streets,  includ- 
ing the  sub-surfaces  of  these  avenues  and  streets,  and  the  surface  as 
well  as  the  sub-surface  of  32d  Street  from  Seventh  to  Tenth  Avenues. 
Two  views  of  the  yard  are  shown  on  Plate  LXVI.  It  is  rectangular  in 
shape,  with  an  irregular  extension  west  of  Ninth  Avenue,  and  covers 
a  net  area  of  about  27  acres.  It  was  excavated  throughout  to  a  depth 
of  from  40  to  50  ft.  below  the  original  surface.  The  engineering  con- 
siderations and  the  work  involved  in  clearing  buildings  from  the  site, 
the  excavation  to  sub-grade,  and  building  the  marginal  retaining  walls 
have  been  described  by  members  of  the  staffs  of  the  Chief  Engineers 
of  the  North  and  East  River  Divisions  having  charge  of  this  work. 

The  writer's  Division  was  charged  with  the  design  and  construction 
of  the  railway,  the  buildings  and  facilities,  the  permanent  viaducts  for 
supporting  the  streets  over  and  around  the  yard,  the  restoration  of  the 
street  surfaces,  and  the  excavation  and  completion  of  the  fan-shaped 
approaches  to  the  tunnels  at  Seventh  Avenue  and  eastward  to  the 
normal  tunnel  sections  in  32d  and  33d  Streets.  The  engineering  fea- 
tures of  the  viaducts  and  sub-surface  work  are  fully  described  in  the 
paper  by  George  B.  Francis  and  J.  H.  O'Brien,  Members,  Am.  Soc.  C.  E. 

The  two  easterly  blocks,  including  the  bed  of  32d  Street,  are  occu- 
pied by  the  main  Station  Building.  West  of  Eighth  Avenue,  a  plot 
400  by  400  ft.  has  been  sold  to  the  United  States  Government  for  a 
general  Post  Office  Building,  now  in  process  of  erection.  Easement  for 
railway  pui-poses   has   been   reserved   under   this   area,  below   a   plane 


PLATE  LXIX. 

PAPERS,  AM.  SOC.  C.  E. 

MAY,   1911. 

GIBBS  ON 

PENN.  R.  R.  TUNNELS:   STATION,  TRACK,  YARDS,  fTC. 


Fig.    1. — System   of   Reinforcement   for   Trucking    Subways    Under    Post 
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Fig.    2. — Station    Yard,   from    31st    Street   and    Ninth    Avenue,    During 
Ti.ME  OF  Track  Laying. 
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20  ft.  above  the  tracks,  subject  to  the  reservation  for  the  necessary  sup- 
porting columns  for  tlie  building,  in  locations  fixed  in  the  deed.  West 
of  the  Post  Office  the  area  to  Tenth  Avenue  is  an  open  yard,  bridged 
only  by  the  viaducts  over  the  side  streets  and  Ninth  Avenue.  This 
open  area  may  eventually  be  covered  by  marginal  buildings.  A  plot 
130  by  180  ft.  has  been  reserved  west  of  Ninth  Avenue  and  at  the 
north  side  of  31st  Street  for  an  Express  Building,  should  it  be  desired 
at  a  later  date  to  make  the  terminal  a  distributing  point  for  express 
matter. 

The  sub-surfaces  of  Seventh,  Eighth,  and  Ninth  Avenues,  and  of 
31st  and  33d  Streets,  are  in  part  occupied  by  the  yard  and  in  part  by 
the  retaining  walls.  It  is  of  interest  to  state  that  everywhere  in  the 
yard  the  top  of  the  track  rails  is  from  9  to  23  ft.  below  mean  high 
water  in  the  harbor. 

Track  Plan. — The  track  plan  is  shown  on  the  upper  part  of  Plate 
LXVII.  The  summit  of  the  yard  is  530  ft.  west  of  Seventh  Avenue, 
from  which  point  the  grade  falls  east  and  west  to  the  tunnel  portals. 
From  Tenth  Avenue  the  grade  rises  eastward  at  the  rate  of  1.923%  to 
a  point  midway  between  Tenth  and  Ninth  Avenues,  thence  at  the  rate 
of  0.4%  to  the  summit,  and  falls  at  the  same  rate  to  the  Cross-town 
Tunnels.  The  track  plan  adopted  was  the  result  of  extended  study  by 
the  Terminal  Committees  of  the  Pennsylvania  Railroad,  and  involved 
the  making  of  about  twenty  tentative  schemes  in  order  to  harmonize  the 
operating  requirements  with  the  progressive  development  of  the  Station 
and  Post  Office  Building  plans.  The  primary  aim  was  to  balance 
the  yard  and  tunnel  capacity  at  the  same  maximum,  having  in  mind 
the  expectation  that  the  yard  sliould  lie  capable  of  accommodating  in 
the  future  the  traffic  from  two  more  tunnels  under  the  North  River, 
making  four  in  all,  and  two  more  under  the  East  River,  making  a 
total  of  six.  In  doing  this,  certain  assumptions  were  necessarily  made 
as  to  the  character  of  the  traffic,  that  is,  the  amount  of  business  handled 
by  multiple-unit  trains  and  those  requiring  electric  locomotives,  also 
the  character  of  the  switching  operations  to  be  done  in  the  yard,  and 
the  amount  of  car  storage  needed. 

The  main  approach  tracks  from  the  west  fan  out  from  the  tunnel 
portals  at  Tenth  Avenue  into  six  running  tracks,  three  for  each  direc- 
tion, to  the  main  switcli  leads  at  Ninth  Avenue,  thence  by  double 
ladders,  one  to  the  ncirtli  and  one  to  the  south,  into  twenty-one  plat- 
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form  tracks  covering  the  full  width  of  the  yard.  Eig.  1,  Plate  LXVIII, 
is  a  view  of  the  yard  from  Ninth  Avenue,  looking  eastward.  At  the 
east  end  all  except  five  of  these  tracks  are  again  gathered  into  two 
groups,  one  leading  to  the  two  tunnel  tracks  under  33d  Street,  and 
one  to  the  two  tracks  under  32d  Street.  At  the  extreme  southeast,  five 
stub  tracks  end  at  Seventh  Avenue,  to  lead  in  future  to  two  tunnels 
under  31st  Street.  It  has  been  the  aim  to  provide  double  leads  through- 
out, as  far  as  possible,  so  that  simultaneous  parallel  movements  can  be 
made  in  reaching  the  various  tracks  connected  therewith. 

The  station  yard  is  not  intended  to  provide  unlimited  car  storage, 
but,  nevertheless,  considerable  space  for  this  purpose  is  available  in 
the  corners  formed  by  the  rectangular  configuration  of  the  lot  and  the 
rectangular  extension  west  of  Ninth  Avenue,  as  shown  by  Table  2. 

TABLE  2. — Statistics,   Station  Yard. 

Platform  Facilities  and  Cab  Storage  Track  Room. 

Number  of  station  tracks  adjoining  platforms 31 

Length  of  platforms  adjacent  to  passenger  tracks 21  500  ft. 

Total  area  of  platforms 244  270  sq.  ft. 

Number  of  passenger  platforms 11 

"         "  mail                    "          2 

"        "  express             "         (future) 4 

Four  passenger  platforms,  average 21  ft.  wide  900  ft.  long. 

21  ft.    "  1050  ft. 

Two          "                    "                 "       16  ft.     "  1000  ft. 

One           "                   "                 "       (L.  I.,  loading) 47  ft.    "  745  ft. 

Two  mail                     "                 "        375  ft. 

Longest  platform  (No.  6) 1  140  ft. 

Total  length  of  future  express  platforms 1  600  ft. 

Mail  cars  standing  at  tracks  adjacent  to  platforms 25  cars. 

Storage  space  in  yard  "  A  "  (  Pennsylvania  turning  yard ) H4     " 

"           "       "      "     "  B"  (Long  island  express  yard) 31      " 

"       "      "     "C"(     "          "       local          "      ) 50     " 

"           "      "     "     "  D "  (Pennsylvania  turning  yard) 40 

Total  yard  storage  capacity 181     " 

General  Statistics  op  the  Station  Yard  and  Facilities. 

Total  excavation  (place  measurement)  for  the  entire  yard,  all  contracts 

included 2  200  000  cu.  yd. 

Excavation  begun  ( Mr.  Noble's  contracts) July,  1904. 

Viaduct  erection  started Oct.;  1905. 

Viaducts  completed Jan.,  1910. 

Number  of  viaduct  columns 771 

"        "    Station  Building  columns 650 

"        "    Post  OfBce  Building  columns 200 

"        "    columns  for  other  structures 16 

Total  length  of  viaducts 5  985  ft. 

Weight  of  structural  steel  in  viaducts 23  500  tons. 

The  parallel  tracks  are  generally  spaced  at  31-ft.  centers,  where 
platforms  are  between,  and  at  15-ft.  centers  otherwise,  to  allow  for 
the  placing  of  building  column  supports.  The  total  length  of  tracks  in 
the  station  yard  is  about  16  miles,  of  which  3  miles  are  adjacent  to 
platforms. 
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Clearances. — The  minimum  overhead  clearance  in  the  yard  between 
top  of  rail  and  girders  is  16  ft.  2  in.,  the  same  as  the  clearance  in  the 
tunnels.  The  maximum  car  equipment  height  is  14  ft.  9  in.  over  all, 
and  15  ft.  over  all  for  locomotives,  leaving  a  net  minimum  clearance  of 
1  ft.  2  in.  between  equipment  and  pemianent  overhead  structures. 
The  overhead  contact  rail  has  a  clearance  of  15  ft.  4  in.  from  the  under 
contact  surface  to  the  top  of  the  track  rail. 

The  minimum  clearance  between  sides  of  cars  and  columns  between 
tracks  is  1  ft.  6  in.,  wliether  the  cars  are  on  tangents  or  curves,  and 
the  minimum  clearance  for  trucking  on  platforms  is  5  ft.,  although 
in  a  few  special  instances  it  has  been  necessary  to  reduce  this  slightly. 
The  clearance  between  the  edges  of  the  high  platforms  and  the  sides 
of  the  cars  is  4  in. 

Subways. — In  the  terminal  yard  area  between  Seventh  and  Ninth 
Avenues  a  comprehensive  system  of  subways  has  been  constructed 
under  the  tracks.  They  were  deemed  essential  for  the  following 
purposes : 

1st. — For  housing  the  various  piping  systems  to  the  buildings  and 
tracks.  These  systems  comprise  vei-y  long  runs,  many  of  the  pipes 
being  of  large  diameter,  to  convey  steam,  air,  and  water,  and  have 
numerous  connections  to  the  buildings  and  at  the  track  level.  Proper 
and  convenient  maintenance  required  that  all  pipes  should  be  readily 
accessible,  which  result  could  not  be  had  by  laying  them  in  the  ballast 
above  the  sub-grade;  furthermore,  because  of  the  close  spacing  of  the 
tracks,  and  the  fact  that  this  interspace  is  in  many  places  occupied  by 
columns,  there  was  really  no  opportunity  to  lay  out  a  practical  pipe 
system  in  the  ballast,  and  the  buildings  above  the  tracks  were  without 
basements  in  which  to  construct  such  a  system. 

2d. — The  high  station  platforms  (shown  on  the  lower  part  of  Plate 
LXVII),  and  the  arrangement  of  the  building  itself,  required  provision 
for  trucking  baggage,  mail,  and  express  matter  from  one  platform  to 
the  others,  and  this  could  be  accomplished  best  by  cross-trucking  sub- 
ways under  the  tracks.  In  places  this  was  the  only  method  possible,  as 
some  of  the  platforms  are  under  the  streets,  and  the  baggage-rooms  can 
be  reached  only  by  underground  means. 

3d. — Communication  between  the  various  important  buildings,  such 
as  the  Station,  the  Post  Office,  and  the  Express  Building,  could  not  be 
conveniently  had  at  the  track  level  or  above,  and  therefore  longitudinal 
trucking  subways  between  them  were  necessary. 
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4th. — In  the  portion  of  the  yard  under  and  west  of  the  most  im- 
portant signal  cabin  ("A"),  at  the  intersection  of  the  main-track  ladder 
system,  accessible  space  was  required  for  the  large  quantity  of  signal 
apparatus,  such  as  wiring,  transformers,  relays,  and  batteries.  This 
space  was  provided  by  constructing  a  basement  for  the  building,  below 
the  tracks,  and  a  longitudinal  subway  for  the  conduits  and  instru- 
ments; from  this  subway  all  connections  were  conveniently  made  to 
the  switches,  and  all  apparatus  was  placed  within  easy  reach. 

The  subways,  therefore,  while  expensive  to  construct,  furnish  a 
valuable  and  comprehensive  means  of  intercommunication  for  many 
important  facilities,  without  interfering  in  any  way  with  the  scheme 
of  tracks  or  train  operation,  or  requiring  important  modifications  in 
the  buildings  themselves. 

As  will  be  seen  from  the  track  plan,  the  subways  include  a  main 
longitudinal  system,  from  Seventh  to  Ninth  Avenues,  used  in  part  for 
pipeways,  in  part  for  trucking  purposes,  and  generally  for  both.  This 
longitudinal  system  is  intersected  by  cross-galleries  consisting  of 
baggage-trucking  subways  at  each  end  of  the  Long  Island  platforms 
at  the  north  side  of  the  yard,  a  main  cross-trucking  subway  immediately 
under  the  outgoing  baggage-room  in  the  Station  Building  and  com- 
municating with  all  lifts,  and  four  cross  pipe  subways  approximately 
400  ft.  apart,  to  cover  the  entire  yard. 

By  the  above,  therefore,  all  platforms  have  intercommunication 
through  the  subways  and  by  the  lifts ;  the  Station  Building  has  access  to 
the  Post  Office  by  a  subway  and  lift  reaching  the  operating  floors 
of  the  latter  building,  and  the  same  facilities  will  be  furnished  for 
the  Express  Building  when  erected.  The  building  of  these  subways,  as 
well  as  other  sub-surface  structures  in  the  yard,  such  as  under-drainage, 
building  foundations,  and  conduits  for  power  and  telephones,  was 
included  in  an  important  contract,  the  execution  of  which  is  recited 
in  the  paper  by  Messrs.  Francis  and  O'Brien.  Fig.  1,  Plate  LXIX,  is  a 
view  under  the  Post  Office,  showing  the  system  of  reinforcement  for 
the  trucking  subways;  Fig.  2,  Plate  LXIX,  is  a  view  of  the  Station 
yard  from  31st  Street  and  Ninth  Avenue,  during  the  time  of  track 
laying. 

Wall  Around  Yard. — The  open  area  of  the  yard,  to  the  west  side 
of  Ninth  Avenue,  has  been  permanently  fenced  by  the  construction  of 
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ii  marginal  wall  at  the  street  level.  This  wall  is  carried  on  the  street 
viaduct  structure,  is  G  ft.  5  in.  high  at  the  sidewalk  side,  and  has  a 
total  length  of  1  440  ft.,  enclosing  Ninth  Avenue,  31st  and  33d  Streets. 
The  body  of  the  wall  is  of  a  special  gray  mottled  brick  (in  color  closely 
ro^riubling  granite),  with  a  base  court^e  and  coping  of  granite.  There 
iwv  pilasters  at  intervals  of  about  40  ft.  and  paneled  brickwork  between. 

Station  Building. 

The  plan  and  engineering  features  of  this  great  building,  designated 
'T'ennsylvania  Station,"  deserve  more  extended  description  than  can 
be  given  in  a  general  paper  covering  so  many  subjects.  In  size,  the 
building  is  unprecedented  among  railway  stations,  having  a  ground 
area  of  7^  acres,  about  twice  that  of  St.  Peter's,  in  Rome,  and  30% 
more  than  the  area  of  the  Palais  de  Justice,  in  Brussels  (the  latter 
being  considered  the  largest  building  of  the  19th  century),  and  two 
and  one-half  times  that  of  the  New  York  Public  Library.  In  length, 
the  Station,  east  and  west,  is  somewhat  greater  than  that  of  the 
Capitol  at  Washington.  In  contents,  it  measures  about  40  000  000  cu. 
ft.  In  plan,  it  is  intended  wholly  for  railway  purposes  and  the  comfort 
and  convenience  of  passengers,  and  its  design  has  not  been  subordinated 
to  the  purposes  of  a  hotel  or  office  building.  In  consonance  with  its 
legitimate  purpose,  however,  the  aim  has  been  to  make  the  structure 
a  monumental  gateway  to  the  largest  city  in  the  country. 

General  Plan. — A  passenger  terminal  may  be  located  either  adjoin- 
ing or  over  the  tracks  served.  The  former  plan  has  been  generally 
adopted  heretofore,  where  land  was  cheap,  and  especially  because  of 
tlie  necessity  of  large  open  spaces  in  order  to  dispose  of  the  smoke 
and  steam  from  locomotives.  In  very  large  modern  terminals,  however, 
this  plan  has  disadvantages  in  the  costly  property  involved  and  in  the 
enormous  distances  between  the  head-house  facilities  and  the  point 
where  the  passengers  board  the  trains.  Furthermore,  with  the  a:dvent 
of  trains  propelled  by  electric  motors,  it  is  entirely  possible  to  utilize 
the  basement  of  a  station  building  for  the  tracks,  and  the  levels 
immediately  above  for  the  facilities.  Thus,  when  passengers  arrive 
at  the  station,  they  are  at  the  nearest  point  to  the  one  where  they 
embark  on  the  train.  It  is  true  that  this  arrangement  involves  differ- 
ent levels,  and  thus  the  use  of  stairs  or  lifts,  but,  in  order  that  a  station 
may  be  in  the  heart  of  a  great  modern  city,  the  depression  or  elevation 
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of  the  tracks  is  unavoidable,  and  stairs  are  a  necessity,  regardless  of 
the  location  of  the  building. 

The  form  of  construction  adopted  for  the  Pennsylvania  Station, 
therefore,  is  that  of  a  bridge  over  the  yard  and  platforms,  the  building 
having  its  main  floor  intermediate  in  level  between  the  streets  and  the 
track  platforms.  The  main  station  facilities  are  centrally  located  as 
regards  the  building  itself,  which  may  be  entered  from  any  one  of  its 
four  sides,  and  also  as  regards  the  trains  at  the  platforms  underneath, 
so  that  the  distances,  which  are  necessarily  considerable  in  a  station  of 
large  capacity,  are  the  least  possible.  It  is  believed  that  the  unusual 
opportunities  afforded  for  entrance  and  exit  at  the  centers  of  the  four 
sides,  and  the  separation  of  incoming  and  outgoing  passengers  on  dif- 
ferent levels,  make  this  building  unique  among  the  large  stations  of 
the  world  in  the  distribution  of  crowds  without  delay  or  confusion. 
These  numerous  means  of  access,  moreover,  should  prove  an  important 
factor  in  building  up  the  section  of  the  city  surrounding  it,  not  only 
from  one  but  from  all  sides. 

Because  of  the  location  of  the  passenger  facilities  on  different 
levels,  it  is  difficult  to  show  clearly  by  plans  and  cross-sections  the 
arrangement  of  the  building,  nor  can  a  clear  description  be  concisely 
given.  In  general,  however,  the  station  consists  of  a  hollow  rectangle 
of  marginal  buildings  surrounding  the  plot  from  the  street  level  up- 
ward, as  shown  by  Fig.  1;  an  intermediate  building  at  the  street  level, 
starting  from  the  middle  of  the  Seventh  Avenue  fagade,  used  for  a 
main  entrance  and  arcade,  and  continuing  to  its  north  and  south  axis, 
where  it  joins  a  high  cross-structure  containing  the  main  waiting- 
room,  with  the  floor  one  story  below  the  street  level.  Fig.  2.  Imme- 
diately east  of  the  main  waiting-room  and  on  both  sides  of  the  arcade, 
at  the  street  level,  are  located  the  restaurant  and  lunch-room.  The 
rectangular  spaces  between  these  latter,  the  arcade,  and  the  marginal 
buildings,  are  open  courts,  roofed  over  at  the  street  level  with  glass 
skylights,  for  train-sheds  and  for  driveways  (Fig.  1,  Plate  LXXII)  to 
the  baggage-room  under  the  arcade.  These  driveways  communicate 
with  the  inclined  interior  streets,  or  drives,  entered  from  the  north  and 
south  ends  of  the  Seventh  Avenue  front. 

Continuing  westward  from  the  main  waiting-room  (Plates  LXX 
and  LXXI)  and  on  the  same  level  (one  story  below  the  streets),  there 
are  two  sub-waiting-rooms,  and  between  these  and  the  marginal  build- 
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ings  at  the  west  end  of  the  Station,  the  space  is  occupied  by  the  main 
concourse  (Fig.  2,  Plate  LXXII),  a  roofed-over  structure  of  glass, 
containing  the  assembly  space  for  outgoing  passengers,  prior  to  their 
admission  to  the  stairways  (Fig.  1,  Plate  LXXIII),  leading  down  to 
the  track  platforms.  Under  this  main  concourse  there  is  an  exit  con- 
course (Fig.  2,  Plate  LXXIII),  narrower  than  the  main  one,  and 
having  stairways  at  either  side  from  each  platform,  for  incoming 
passengers.  Fig.  3.  Both  these  concourses  connect  at  their  respective 
levels  with  a  two-deck  passageway  under  33d  Street,  the  entire  length 
of  the  Station  between  Seventh  and  Eighth  Avenues,  and  designed  to 
connect  with  future  rapid-transit  subways  in  either  of  these  avenues. 
At  present  this  passageway  is  used  for  intercommunication  with  the 
Long  Island  section  of  the  station,  elsewhere  referred  to,  and  for  an 
entrance  and  exit  to  34th  Street. 

The  marginal  buildings,  on  the  Seventh  Avenue  front,  above  the 
street  level,  are  used  for  stores,  offices,  and  entrances  to  the  driveways. 
On  the  side  streets,  as  far  west  as  the  concourse,  the  first  two  stories 
are  given  up  to  driveway  spaces,  the  ceiling  being  at  the  attic  floor 
level.  West  of  the  driveways  the  buildings  contain  offices  and  the 
operating  staff  facilities  (see  Figs.  4,  5,  and  6). 

The  central  vestibule  of  the  Seventh  Avenue  fagade  may  be  con- 
sidered as  the  main  foot-passenger  entrance,  leading  from  which  is 
the  arcade,  flanked  by  shops  on  either  side;  thence  down  one  floor  level 
by  the  main  stairway  to  the  main  waiting-room,  in  which  are  the 
ticket-offices  and  parcel-rooms,  the  baggage-checking  booth,  and  other 
minor  facilities.  The  waiting  passenger  may  then  proceed  to  the  sub- 
waiting-rooms  (smoking  or  non-smoking),  where  seats  are  provided; 
or,  without  retracing  his  steps,  may  enter  the  main  concourse  to  the 
west,  where  the  gates  leading  to  the  outgoing  train  platform  stairs  are 
located.  Both  the  main  hall  and  the  concourse  may  be  entered  from 
two  side  streets,  and  the  concourse  from  Eighth  Avenue  as  well.  Fig. 
1,  Plate  LXXIV,  is  a  view  of  the  Eighth  Avenue  fagade. 

Carriage  passengers  enter  the  building  from  the  south  end  of  the 
Seventh  Avenue  front  by  a  driveway  leading  down  to  the  waiting-room 
and  on  its  level,  and  outgoing  carriage  passengers  leave  by  a  similar 
driveway  at  the  north  side  of  the  building.  These  driveways  are  also 
used  for  the  wagon  delivery  of  baggage  to  and  from  the  baggage-room. 

To    accommodate    the   large    number   of   suburban    and    commuter 
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passengers  of  the  Long  Island  Railroad,  a  practically  independent 
station,  within  the  main  station,  has  been  provided.  This  is  at  the 
north  side,  under  and  adjoining  33d  Street.  It  is  entered  at  the 
Seventh  Avenue  corner,  by  the  driveway,  by  a  stairway  from  33d 
Street,  or  by  an  entrance  and  exit  from  34th  Street,  midway  between 
Seventh  and  Eighth  Avenues,  and  there  is  a  separate  waiting-room, 
with  the  usual  facilities,  a  wide  departure  platform,  and  a  concourse 
communicating  with  other  platforms. 

Architecture, — The  following  description  of  the  architectural 
motif  of  the  building  design  has  been  kindly  furnished  by  Mr.  W. 
Symmes  Richardson,  of  Messrs.  McKim,  Mead,  and  White,  the  mem- 
ber of  that  firm  who  was  especially  charged  with  working  out  this 
problem. 

"In  designing  the  Pennsylvania  Station,  an  attempt  has  been  made, 
not  only  to  secure  operating  efficiency  for  one  of  the  largest  railway 
stations  in  the  world,  but  also  to  obtain  an  outward  appearance  ex- 
pressive of  its  use,  and  of  a  monumental  character.  The  problem 
involved  was  unusual,  as  the  tracks  are  situated  so  far  below  the  sur- 
face of  the  street  that  it  was  not  possible  to  adopt  any  of  the  types 
of  station  buildings  familiar  in  modern  architecture.  The  exposed 
train-shed,  with  its  large  semicircular  ends  of  glass,  has  become,  dur- 
ing the  last  century,  a  form  recognized  by  the  layman  as  the  railway 
type,  and  such  features  at  the  ends  of  the  avenues  of  our  modern 
cities  suggest  a  great  terminal,  even  to  a  stranger,  when  seen  for  the 
first  time.  Of  such  a  character  are  the  Gare  de  I'Est,  the  Gare  Mont- 
paniasse,  and  the  Gare  du  Nord,  in  Paris,  the  stations  at  Frankfort  and 
Dresden,  and,  in  fact,  most  of  the  principal  stations  of  Continental 
Europe,  as  well  as  the  splendid  train-sheds  of  the  Pennsylvania  Rail- 
road Company  in  Jersey  City  and  Philadelphia. 

"Not  only  did  the  architects  desire  to  give  an  adequate  railway 
expression  to  the  exterior,  but  they  recognized  the  equal  importance 
of  giving  the  building  the  appearance  of  a  monumental  gateway  and 
entrance  to  one  of  the  great  metropolitan  cities  of  the  world.  This 
idea,  in  their  opinion,  has  not  always  received  the  recognition  which 
it  deserves  in  the  solution  of  problems  of  this  character. 

"For  inspiration,  the  great  buildings  of  ancient  Rome  were  care- 
fully studied,  and  particularly  such  buildings  as  the  Baths  of  Caracalla, 
of  Titus,  and  of  Diocletian,  and  the  Basilica  of  Constantine,  which  are 
the  greatest  examples  in  architectural  history  of  large  roofed-in  areas 
adapted  to  assemblages  of  people.  Moreover,  the  conditions  of  modern 
American  life,  in  which  undertakings  of  great  magnitude  and  scale 
are  carried  through,  involving  interests  in  all  parts  of  the  world,  are 
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more  nearly  akin  to  the  life  of  the  Roman  Empire  than  that  of  any 
other  known  civilization.  It  seemed,  therefore,  fitting  and  appropriate 
in  every  way  that  the  type  of  architecture  adopted  should  be  a  develop- 
ment from  Roman  models,  and  while  the  building  is  of  necessity,  on 
account  of  the  requirements  of  its  uses,  different  from  any  building 
known  to  have  been  previously  built,  its  inspiration  can  be  directly 
traced  to  the  great  buildings  of  the  Roman  Empire. 

"To  obtain  the  largest  possible  expression,  simple  materials  have 
been  used  throughout.  The  exterior  being  entirely  of  granite,  all 
unnecessary  detail  of  ornamentation  was  omitted,  and  it  has  been 
hoped,  considering  the  variegated  character  and  style  of  the  modern 
architecture  of  American  cities,  that  in  this  way  the  monumental  mass 
and  scale  of  the  building  has  been  maintained  in  relation  to  its  sur- 
roundings. The  design  is  of  Roman  Doric,  surrounded  by  an  attic, 
with  a  colonnade  along  the  Seventh  Avenue  front,  and  with  colonnades 
on  the  other  sides  marking  the  principal  entrances.  To  avoid  monotony 
of  effect  in  a  building  of  such  unusual  frontage,  the  attic  is  broken 
into  pavilions  of  varying  heights,  marking  the  important  entrances. 
In  the  center  of  the  rectangle,  and  dominating  the  entire  structure, 
rises  the  wall  of  the  main  waiting-room,  the  largest  room  of  its  kind 
in  existence.  This  wall  is  treated  as  a  background  to  the  buildings 
facing  the  street,  and  is  broken  simply  by  eight  large  semicircular 
openings  of  glass,  each  nearly  75  ft.  in  diameter,  which  light  the  room 
and  give  to  the  building,  when  seen  from  a  distance,  something  of  the 
railway  character  above  referred  to.  Apart  from  the  practical  con- 
sideration of  obtaining  adequately  roofed-in  areas,  this  room  was 
primarily  created  to  give  the  exterior  of  the  building  as  distinctive  a 
railway  expression  as  was  possible,  considering  the  limitations  of  the 
problem. 

"At  the  north  and  south  ends  of  the  Seventh  Avenue  front  are 
porticos  leading  to  inclined  descending  driveways,  forming  entrances 
for  carriages,  which  pass  between  the  columns  in  the  same  way  as  in 
the  Brandenburg  Gate  in  Berlin,  through  which,  a  great  part  of  the 
traffic  enters  that  city. 

"The  official  foot  entrance  to  the  station  is  in  the  center  of  the 
Seventh  Avenue  front,  opposite  West  32d  Street.  This  leads  directly 
to  the  general  waiting-room,  in  the  center  of  the  building,  through  an 
arcade,  somewhat  similar  in  scale  and  idea  to  the  famous  arcades  of 
Milan  and  Naples,  Italy.  The  main  waiting-room  is  comparable  in 
dimensions  to  the  nave  of  St.  Peter's  Cathedral,  in  Rome.  At  the 
entrance  to  the  waiting-room  is  a  stairway  40  ft.  wide,  at  the  side  of 
which  is  a  niche  containing  the  statue  of  the  late  A.  J.  Cassatt, 
President  of  the  Pennsylvania  Railroad,  and  the  dominant  personality 
in  the  tunnel  and  ptntinn  project.  The  motif  of  the  waiting-room 
design  was  suggested  by  the  great  halls  of  the  baths  of  ancient  Rome, 
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above  referred  to,  and  consists  of  eight  Corinthian  columns,  7  ft.  in 
diameter  and  60  ft.  high,  standing  on  pedestals,  and  supporting  the 
coffered  vaulted  ceiling.  At  the  north  and  south  ends  of  the  rooms  are 
colonnades  of  single  Ionic  columns,  31  ft.  high,  directly  approached  by 
bridges  over  the  carriage  driveways,  from  the  central  entrances  on 
West  31st  and  West  33d  Streets,  and  from  which  ample  staircases  lead 
to  the  floor  of  the  room.  The  sub-waiting-rooms,  opening  into  the 
retiring-rooms,  are  proportioned  to  the  magnitude  of  the  central  room. 
The  connecting  openings  are  made  as  large  as  possible,  and  frequently 
are  of  screens  of  clear  glass  of  great  dimension,  permitting  compre- 
hensive perspective  views,  not  only  of  splendid  architectural  effect, 
but  of  great  assistance  as  a  guide  to  the  movements  of  the  traveling 
public.  For  the  interior,  the  architects  have  selected  a  Roman  travertine 
stone,  brought  from  the  quarries  near  Tivoli,  Italy.  Of  this  stone,  the 
exterior  of  the  Colosseum,  the  Tomb  of  Hadrian  (now  the  castle  of  St. 
Angelo),  the  Quirinal  Palace,  the  Cathedral  of  St.  Peter's,  and  nearly 
all  the  churches  and  most  of  the  palaces  of  Rome  are  built.  Con- 
sidered purely  from  the  structural  standpoint,  it  is  one  of  the  finest 
building  stones  known,  but  its  selection  for  this  building,  for  which 
it  has  been  imported  into  this  country  for  the  first  time,  was  due  prin- 
cipally to  its  beautiful,  warm,  sunny  color,  and  its  tendency  to  take  a 
polish  and  improve  in  appearance  by  contact  and  use  rather  than  to 
absorb  dirt,  as  is  the  case  with  so  many  of  the  limestones  in  common 
use  both  here  and  abroad.  The  stone,  moreover,  has  a  very  interesting 
visible  structure,  which,  in  a  building  of  such  large  dimensions,  tends 
to  give  a  more  robust  character  and  texture  than  it  is  possible  to  obtain 
in  most  other  materials.  A  color  motif  has  been  given  to  the  room 
by  the  insertion  of  conventionalized  maps  in  the  six  large  panels  below 
the  lunette  windows;  these  maps  were  painted  by  Mr.  Jules  Guerin. 

"The  concourse  itself  forms  a  courtyard  with  granite  walls,  enclosed 
by  an  iron  and  glass  roof,  forming  intersecting  barrel  arches  sur- 
rounded on  three  sides  by  tile  domes  against  the  walls  of  the  building. 
The  structural  steelwork  here  is  of  an  open  latticed  design,  without 
ornament,  the  architectural  effect  being  obtained  by  a  careful  study 
of  the  proportions  and  form  of  the  structural  members  required.  Here 
the  architects  have  attempted  to  give  to  the  structural  steel  a  straight- 
forward and  adequate  architectural  expression,  and  while  the  design 
is  quite  different  from  anything  yet  built,  it  is  suggestive  in  many 
ways  of  the  train-sheds  in  the  famous  stations  at  Frankfort  and  Dres- 
den, Germany.  On  the  easterly  side  of  the  concourse  is  the  continuous 
facade  of  the  waiting-room,  with  semicircular  openings,  comparable 
in  extent  and  scale  to  the  Boston  Public  Library. 

"The  design,  fabrication,  and  erection  of  the  concourse  roof  intro- 
duced novel  problems.  It  was  the  desire  of  the  architects  to  give  the 
structural  steel  a  dignified  expression  of  design,  and  also  to  obtain  an 


PLATE  LXXII. 

PAPERS,  AM.  SOC.  C.  E. 

MAY,  1911. 

GIBBS  ON 

PENN.  R.  R.  TUNNELS:    STATION,  TRACK,  YARDS,  ETC. 


Fk;.    1. — TiiiRTY-FinsT    Stkkkt   Carkiaok    nKivi:\vAV. 


Fig.  2. — Main  Concourse. 


Papers. J        I'ENN.   K.    U.   TUNNELS:   STATION,   TRACK,    YARDS,   ETC.       GGl 

ai)i)ropriate  transition  between  the  purely  architectural  lines  and 
structural  materials  of  the  general  waiting-room  and  adjoining  rooms 
and  the  purely  utilitarian  and  structural  treatment  of  the  railway 
operating  features  of  the  yards,  such  as  the  tracks,  viaducts,  etc.,  that 
is  to  say,  the  leading  by  an  easy  and  unconscious  gradation  of  effect 
from  the  monumental  side  of  the  Station  to  the  utilitarian.  To  ac- 
complish this  result  the  main  architectural  lines  of  the  concourse  roof 
were  first  determined,  namely,  the  location  of  the  columns,  arches,  and 
domes,  and  the  general  height  and  breadth  of  the  intersecting  mem- 
bers; the  steel  engineer  being  then  given  the  problem  of  designing  a 
structure  to  conform  to  the  architectural  lines  outlined,  the  detail 
being  a  question  of  good  proportion  and  adjustment  from  both  points  of 
view.  The  type  and  scale  of  lattice  work,  as  well  as  the  lines  and  sizes 
of  the  arches,  notably  the  variation  in  depth  between  the  spring  and 
top  lines  of  the  arches,  as  well  as  varying  widths  between  the  diagonal 
ribs  and  the  vault  lines,  was  suggested  to  the  engineer  to  obtain  a 
variety  of  effect  and  to  avoid  the  monotony  which  would  result  in  the 
assembling  of  arches  of  similar  forms  and  dimensions.  To  obtain  the 
expression  of  these  architectural  features  in  steel,  necessitated  the  use 
of  an  excess  of  material  over  what  would  be  required  by  ordinary 
trussing  to  cover  the  area  in  question,  but  the  excess  amount  of  mate- 
rial was  considered  justifiable  to  fulfill  the  motives  above  referred  to. 
The  design  of  this  difficult  piece  of  roofing  was  due  to  the  joint  efforts 
of  the  Architects,  "Westinghouse,  Church,  Kerr  and  Company,  and 
^Messrs.  Purdy  and  Henderson,  Engineers. 

"Throughout  there  has  been  a  consistent  and  continuous  effort  to 
maintain  a  imity  and  simplicity  of  design,  so  that  the  structure  will 
count  as  a  whole  of  many  inter-related  parts  of  similar  scale.  Orna- 
ment has  been  very  sparingly  used,  and  there  is  no  attempt  at  deco- 
rative art,  except  for  the  color  effect  of  the  maps  in  the  main  waiting- 
room.  The  interior  of  the  building  is  practically  a  monotone,  it  being 
the  idea  of  the  architects  that  a  building  devoted  to  railway  purposes 
should  be  made  of  permanent  and  durable  materials  of  simple  character 
and  capable  of  the  easiest  maintenance.  The  light  buff  of  the  traver- 
tine stone  has  formed  the  keynote  of  the  color  scheme  for  the  plaster 
walls  and  ceilings,  the  larger  ceilings  having  a  pigment  in  the  plaster 
to  give  a  permanent  stain,  so  that  the  necessity  and  inconvenience  of 
repainting  is  reduced  to  a  minimum.  In  the  few  places  where  deco- 
rative sculpture  is  used,  such  as  the  clocks  over  the  main  entrances, 
the  eagles  and  bas-relief  panels  adjacent,  and  the  large  keystones  on 
the  exterior  of  the  general  waiting-room  and  over  the  arches  loading 
from  this  room  to  the  arcade  and  concourse,  the  work  was  placed  in 
the  hands  of  Mr.  A.  A.  Weinman,  a  sculptor  of  reputation,  who  has 
given  to  the  ornament  and  figures  a  distinct  individuality  appropriate 
to  the  uses  of  the  building." 
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The  following-  is  a  list  of  the  principal  building  subdivisions,  with 
spaces  allowed  for  facilities: 

Length  of  building,  east  and  west Y89  ft. 

"         "         "  north  and  south 430 

General  height  from  sidewalk 7(3 

Extreme     "  "  "         153 

Height,  interior  of  waiting-room 150 

"  "         "     dining-   and  lunch-rooms 32 

"  "         "     sub-waiting-rooms    56 

"       of  concourse 100 

"        "    exit    concourse 11 


Dimensions.        Area,  in  square  feet. 


Concourse    court 

Concourse    floor 

Exit  concourse  floor 

33d    St.   passageway,    Seventh 

to  Eighth  Ave 

Main   waiting-room   floor 

Arcade    

East  baggage-room  (T-shaped) 

(total   area) 

West  baggage-room 

Train-sheds    (two,   dimensions 

each)  

Standing  room  for  cabs   (exit 

side)    

Lunch-       and       dining-rooms 

(two,    each) 

Sub-waiting-rooms  (two,  each) 
"          "             "     total     seat- 
ing capacity 

Women's    retiring-room 

Seventh    Avenue    shops    (two, 

each)    

Arcade  shops  (two  sides,  each) 

Barber    shop 

Waiting-room  ticket  offices..  . 
Carriage  driveway,  33d  Street 

"  "         31st  Street 

Sidewalks   around  building.  . 

Women's  main  toilets 

Men's  "  "      

Hospital  Department 


340  by  210  ft. 

475  "  125  " 

480  "  60  " 

654  "  30  " 

300  "  110  " 

220  "  40  " 

246  "  90  " 

321  "  50  " 

216  "  112  " 


115 
100 


30 


60 
60 


38 


71400 
60  000 

28  800 

26  500 

33  000 

8  800 

34  000 
16  000 

48  384 


Capacity  25 

6  900 
6  000 

700  persons 
1140 


100  "     35  " 

184  "  76  " 

50  "  30  " 

20  windows. 

552  by  45  " 

530  "  41  " 

2  650  "  30  to  40  ft. 


3  500 
2  944 
1500 

2  400 
24  840 
21  730 
90  000 

3140 

3  600 
1400 
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Area,  in  square  feet. 

Police   Department 827 

Funeral-rooms   600 

Parcel-room    2  780 

Office  space,  1st  floor,  west  of  waiting-room 15  850 

"         "         2d  floor,  west  of  waiting-room 20  270 

"         3d  floor,  west  of  waiting-room 31  500 

"         "         Seventh  Avenue,  front,  two  floors ....  21  500 

Y.  M.  C.  A.,  attic  floor 16  800 

Bunk-rooms,       "        "    10  200 

TJnassigned  space,  attic  floor 27  800 

Kitchen  and  store-rooms 15  000 

Ticket  offices,  men's  waiting-room 2  344 

Ticket  offices.  Long  Island  section 2  870 

No. 
Passenger  elevators  to  track  platforms.. .  11 

Baggage  lifts 21 

Stairways  to  track  platforms 48 

News-stands  8 

Boot-black  stands 7 

Clocks 30 

General  Constructive  Features. 

It  has  been  the  aim  to  make  the  building  thoroughly  fire-proof. 
Practically  no  combustible  materials  have  been  used  in  the  construction 
or  furnishings  of  the  public  rooms,  baggage-rooms,  or  spaces  devoted 
to  railway  uses  below  the  street  level;  wood  trim  is  used  only  for  the 
offices. 

SteehvorJc. — The  designing  of  the  building  framework  is  described 
in  detail  in  the  paper  by  Messrs.  Francis  and  O'Brien.  It  called  for 
the  fabrication  of  about  27  000  tons  of  structural  steel,  in  large  part  of 
special  design,  there  being  little  duplication  for  the  different  sections 
of  the  building  or  on  the  different  floors. 

Granite. — The  exterior  is  of  curtain-wall  construction,  with  a 
granite  face.  The  granite  is  known  as  "pink  Milford,"  and  the  entire 
product  of  the  Connecticut  quarry  was  engaged.  For  the  exterior, 
490  000  cu.  ft.  of  cut  stone  were  used,  and  60  000  cu.  ft.  for  the  interior 
of  the  building.  This  granite  was  quarried  and  cut  within  a  period  of 
18  months,  stored  at  the  quarry,  and  shipped  as  needed.  The  setting 
of  the  stonework  required  13  months,  the  average  rate  being  10  000  cu. 
ft.  per  week.  The  ashlar  varies  from  8  to  12  in.  in  thickness,  and  each 
stone  is  anchored  by  two  bronze  clips.    The  setting  is  in  "non-staining^' 
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cement.  The  columns  are  built  up  of  granite  drums,  4  ft.  6  in.  in 
diameter,  having  an  average  depth  of  6  ft.,  and  weighing  from  4  to  G 
tons. 

Brichworh.— About  15  000  000  common  brick  vpere  used  in  the  wall 
construction.  In  addition,  about  1 100  000  cream-colored  mottled  brick 
were  used  for  facing  the  driveways.  Gray  wire-cut  brick  were  used  for 
the  walls  of  the  train-sheds,  the  west  arm  of  the  main  waiting-room, 
and  the  various  parapet  walls  of  the  roofs. 

Enameled  brick  were  used  in  the  carriage  driveway  halls,  baggage- 
checking  and  parcel-rooms,  ticket  office  and  cab  offices,  for  facing  the 
retaining  walls  under  33d  Street,  and  in  the  elevator  shafts  throughout 
the  building. 

The  driveways  are  paved  with  a  special  grade  of  re-pressed  vitrified 
clinker  brick,  the  total  number  used  being  650  000.  The  brick  was 
selected,  after  careful  investigation  of  different  pavings,  with  the  view 
of  obtaining  a  surface  which  would  give  proper  foothold  for  horses  on 
the  grade  and  be  durable  under  traffic.  This  brick  was  purchased  sub- 
ject to  the  requirements  that  the  maximum  absorption  should  not  ex- 
ceed 3%,  and  that  the  crushing  strength  should  not  be  less  than  4  000 
lb.  per  sq.  in.  There  were  two  sizes,  the  larger  were  4  by  9|  by  4  in., 
with  square  edges,  and  were  used  on  the  level  portions  of  the  driveways ; 
the  others  were  2^  by  7  by  21  in.,  with  beveled  edges,  and  were  used  on 
the  inclined  portions.  The  floor  was  prepared  for  the  brick  by  laying  a 
1-in.  foundation  course  of  cement  mortar  to  receive  the  water-proofing, 
and  this  was  covered  with  a  cement  course  of  the  same  thickness. 
Across  the  width  of  the  driveways  concrete  ribs  were  laid  at  intervals 
of  about  7  ft.,  over  which  the  water-proofing  was  extended,  and  the 
trays  formed  by  these  concrete  ribs  were  filled  with  sand  3  in.  in  depth. 
On  this  was  laid  a  6-in.  stone-concrete  foundation  to  receive  the  paving 
brick,  laid  in  cement  mortar.  These  precautions  were  adopted  to  reduce 
the  noise  of  passing  vehicles  to  a  minimum,  and  to  prevent  the  pave- 
ment from  moving  down  the  incline. 

Interior  Cut  Stone.- — All  walls,  lintels,  and  copings  are  of  Bedford 
stone.  The  interiors  of  the  arcade  and  of  the  main  waiting-room  are 
finished  partly  in  travertine,  and  partly  with  an  artificial  cement  com- 
position, devised  by  Mr.  Paul  Denivelle  to  produce  the  effect  of  real 
travertine;  it  is  composed  of  Berkshire  white  and  ordinary  cement, 
white  quartz  sand,  and  iron  oxides,  compoimded  so  as  to  produce  the 
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peculiar  lining,  voids,  and  color  blends  characteristic  of  the  genuine 
travertine.  The  blocks  were  cast  in  moulds,  the  slabs  being  2J  in.  in 
thickness,  and  having  reinforcing  material  and  anchors  for  attaching 
to  the  walls.  The  main  waiting-room  ceiling  is  of  plaster,  in  deep 
octagonal  coffers,  which  were  cast  in  moulds  on  the  scaffolding  used  for 
the  general  construction  of  the  waiting-room  roof  and  interior  finish. 
A  certain  amount  of  coloring  matter  added  to  the  plaster  makes  the 
tone  of  the  ceiling  blend  and  harmonize  with  the  travertine  walls,  thus 
requiring  no  external  decoration.  The  coffers  are  10  ft.  in  size,  are 
reinforced  with  steel  rods  and  wire  mesh,  and  are  hung  from  the  over- 
head steel  furring  by  steel  anchors. 

The  exteriors  of  the  ticket  offices,  parcel-rooms,  and  booths  in  the 
main  and  sub-waiting-rooms,  as  well  as  the  trim,  partitions,  counters, 
etc.,  in  the  dining-  and  lunch-rooms  are  of  Botticino  marble.  The 
public  toilet-rooms  have  trim  and  partitions  of  Carrara  glass,  a  milk- 
white  material  which  is  non-absorbent.  The  trim  in  the  office  toilets 
is  of  pink  Tennessee  marble,  and  this  material  is  used  for  the  wainscots 
in  the  hallways. 

Fire-Proofing. — A  reinforced  concrete  flat-arch  system  is  used  for 
the  floors.  The  minimum  thickness  of  concrete  surrounding  the  rein- 
forcing rods  is  four  times  the  diameter  of  the  rods.  In  general,  spans  of 
6  ft.  or  more  in  floors  and  roofs  are  of  stone  concrete  in  slabs  5  in.  thick, 
and  spans  of  less  than  6  ft.  are  of  cinder  concrete,  with  the  exception  of 
all  tiers  below  the  street  level,  where  stone  concrete  is  used.  The  rein- 
forcing rods  are  4J  in.  from  center  to  center,  and  the  ends  are  turned 
down  over  the  top  flanges  of  the  beams. 

Loading. — The   following   live   loads   were   used    in   designing   the 

building  steel  and  the  floor  system :  „       , 

°  ''  Pounds  per 

square  foot. 

Waiting-room,  main  and  exit  concourses ....  150 

All  other  floors  below  street  level 300 

The  entire  street  floor 150 

Sidewalks 300 

Floors  in  kitchen 150 

All  other  floors  above  street 100 

Roofs  pitching  more  than  20° 30 

All  other  roofs 50 

Column  Protection. — All  columns  under  and  supporting  the  station 
in  any  way  are  protected  by  fire-proofing,  in  accordance  with  the  Regu- 
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lations  of  the  City  Building  Department.  This  fire-proofing  consists  of 
a  concrete  grout  filled  in  between  the  column  and  a  i-in.  steel-plate 
jacket  which  surrounds  it  for  a  height  of  8  ft.  6  in.  above  the  platform 
level;  above  this  casing  the  concrete  surface  is  exposed. 

Ornamental  Iron. — About  2  500  tons  of  ornamental  ironwork,  includ- 
ing cast  iron  and  steel,  were  used  in  the  interior  fittings,  especially  in 
the  stairways,  fences,  and  in  the  concourse  enclosures  for  the  elevators 
and  lifts. 

Vault  Lights. — About  155  000  sq.  ft.  of  vault-light  construction  were 
used  in  and  around  the  building.  This  unusual  amount  was  required  to 
secure  light  under  the  sidewalks  for  the  interior  passageways  and  under 
the  concourse  floor  for  the  exit  concourse  and  the  platforms.  The  ex- 
terior vault  lights  are  of  the  reinforced-concrete  type,  with  circular 
glass  prisms  set  with  lead  rings  around  each,  to  prevent  shaling.  The 
interior  vault  lights  are  of  the  same  type,  without  rings,  except  that 
square  instead  of  round  glass  was  used. 

Roofing.- — In  general  the  extensive  roofing  system  is  of  tile  covered 
with  No.  16  sheet  metal,  in  part  with  flat  and  in  part  with  cleated,  or 
standing,  seams.  Instead  of  copper,  "Monel  metal,"  an  alloy  of  60% 
nickel  and  40%  copper,  was  used.  This  metal  is  a  natural  alloy,  having 
approximately  the  composition  of  "German  silver,"  and  has  the  well- 
known  non-corrosive  properties  of  that  alloy;  while  strong,  it  can  be 
readily  flanged  and  soldered,  and  weathers  to  an  agreeable  tone.  Of 
this  metal  150  tons  were  used.  The  flat  roofs  are  covered  with  self- 
glazed  tile  1  in.  thick.  Fig.  2,  Plate  LXXIV,  is  a  view  of  the  concourse 
roof  construction. 

Interior  Woodwork. — The  furniture  in  the  lunch-  and  dining-rooms 
is  of  Italian  walnut;  the  ofiice  trim  is  of  Betula  walnut;  and  the  trim  in 
kitchens  and  service-rooms  is  of  ash.  All  doors  in  the  public  entrances 
and  rooms  have  long,  clear-glass  panels;  communicating  doors  between 
ofiices  have  long,  raised  panels.  The  doors  from  corridors  to  offices  are 
the  two-panel  type,  with  transoms  above.  Base,  chair  rail,  and  picture 
mouldings  are  used  in  all  offices ;  and  in  corridor  walls,  where  borrowed 
light  is  required,  partition  sash  have  been  set. 

Flooring. — Maple  flooring  is  used  throughout  in  the  offices,  and  in 
the  Y.  M.  C.  A.  section.  The  general  waiting-room  and  sub-waiting- 
rooms,  lunch-  and  dining-rooms.  Seventh  Avenue  vestibule,  arcade, 
public  lavatories,  and  barber  shop,  have  marble  floors.     Cork  floors  have 
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been  used  in  the  spaces  where  employees  stand,  such  as  the  ticket  offices, 
serving  pantries,  and  behind  lunch  and  cigar  counters.  Granolithic 
floors  are  used  in  the  baggage-room,  baggage  passageway,  and  kitchens. 

Building  Erection. — The  work  of  preparation  for  the  building  con- 
struction began  with  the  sub-surface  work  in  the  excavated  plot,  as 
turned  over  to  this  Department  by  Mr.  Noble.  As  soon  as  a  sufficient 
area  at  the  track  sub-grade  was  secured,  the  work  of  excavating  and  con- 
structing the  substructures  and  building  foundations  was  begun.  This 
resulted  in  the  successive  completion  of  the  foundations,  beginning  at 
the  southeast  corner  of  the  building,  and  the  erection  of  the  steel  frame, 
from  this  point  working  in  both  directions  around  the  outside  of  the 
building,  until  it  was  enclosed  at  the  Eighth  Avenue  side.  The 
masonry  followed  the  steel  erection,  and  the  building  was  finally  en- 
closed at  about  the  time  when  the  entire  terminal  yard  area  was  ex- 
cavated to  sub-grade.  All  materials  were  delivered  at  the  site  by 
trucking  through  the  streets,  as  railroad  connections  were  at  the  time 
impracticable. 

The  building  methods  were  not  unusual,  aside  from  the  magnitude 
of  the  structures,  the  amount  of  erection  plant  required,  and  the  force 
engaged.  The  structural  steel  was  stored  and  sorted  in  the  plot  under 
the  building,  and  erected  by  cranes.  The  granite  was  delivered  around 
the  building  to  timber  staging  over  the  sidewalks  and  supported  from 
the  track  level;  the  erecting  was  done  by  derricks  set  on  the  inside 
floors.  All  other  materials  were  delivered  in  the  building  as  construc- 
tion progressed.  The  general  waiting-room,  because  of  its  great  height 
(150  ft.  from  floor  to  ceiling),  required  the  installation  of  extensive 
and  massive  falsework,  which  would  permit  of  the  convenient  and  ex- 
peditious erection  of  the  steel  frame  and  roof  trusses,  setting  the 
granite,  lining  the  interior  walls,  hanging  the  ceiling,  and  finishing  the 
interior.  This  falsework  was  of  12  by  12-in.  vertical  posts,  at  12-ft. 
centers,  braced  with  3  by  12-in.  planks,  thoroughly  bolted,  and  contained 
about  500  000  ft.  b.  m.  It  was  erected  in  six  stories,  with  runways  at 
each  floor.  The  falsework  was  equipped  with  stairways  and  hoists  for 
loading  material  on  platforms  at  the  different  floors.  Six  stiff-leg  der- 
ricks, each  of  20  tons  capacity,  having  50-ft.  booms,  were  erected  on 
this  staging.  Because  of  danger  from  fire,  the  falsework  was  equipped 
with  an  elaborate  system  of  high-pressure  fire-protection  pipes,  with 
hose  outlets  at  every  level,  and  was  constantly  patroled  by  firemen. 
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Furthermore,  it  was  thoroughly  wet  down  twice  a  week.  Throughout 
the  entire  building  construction,  the  temporary  system  of  fire  protection 
and  patrol  service  was  maintained,  and,  although  a  few  minor  fires 
occurred,  they  were  arrested  before  they  had  time  to  spread,  no  damage 
to  the  building  resulting  in  any  case. 

Constructive  Data. — The  following  is  a  list  of  the  construction 
dates,  and  of  quantities  of  the  more  important  materials  used  in  the 
building: 

Building  foundations  begun June  1st,  190G. 

First  steel  column  erected May  27th,  1907. 

First  stone  of  masonry  set June  15th,  1908. 

Finished  exterior  masonry July  31st,  1909, 

Building  substantially  completed.  ...  August  1st,  1910. 
Maximum  number  of  men  employed.  .  4  240 

Average  number  of  men  employed ....  1  800 

Granite,    exterior 490  000  cu.  ft. 

Granite,  miscellaneous  and  in  concourse  60  000       " 

Marble,    interior 24  000       " 

Travertine    71 580       " 

Artificial    stone 11  600  sq.  yd. 

Concrete  fire-proofing,  cinder 243  000  cu.  ft. 

Concrete   fire-proofing,    stone 720  000       " 

Granolithic    floors 310  000  sq.  ft. 

Marble    floors 85  000       " 

Cork    floors 11000       " 

Maple  floors 147  000       " 

Terrazzo    floors 10  000       " 

Vault   lights 155  000      " 

Brickwork,  all  kinds 17  000  000  brick. 

Terra  cotta  furring  and  partitions.  . .  .  600  000  sq.  ft. 

Roofing,  metal 300  000       " 

Roofing,    tile 150  000       " 

Roofing,  skylights 83  000       " 

Structural  steel 27  000  tons. 

Ornamental   iron 2  500 

Glazing    80  000  sq.  ft. 

Plastering    85  400       " 

Painting    (area) 2  800  000       " 

Cement    64  000  bbl. 

Station  Facilities. 
Of  the  more  important  operating  features   of  the  building,   those 
involving  engineering  problems  will  be  described  in  some  detail.     They 
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were  planned  only  after  extended  Committee  and  engineering  con- 
sidoi-ation,  to  utilize  to  the  fullest  the  available  space  in  the  building, 
with  the  greatest  flexibility  of  operative  methods,  and  for  the  future 
growth  of  business  up  to  the  capacity  of  the  terminal  as  a  whole. 

Operating  Arrangement. — The  station  tracks  are  arranged  for  both 
through  and  stub-end  operation,  but,  for  the  majority  of  the  movements, 
it  nuiy  be  considered  a  stub-end  station.  Through  trains  on  both  the 
Pennsylvania  and  Long  Island  Railroads  are  handled  by  electric 
locomotives;  suburban  trains  of  the  Long  Island  Railroad,  by  multiple- 
unit  motor  cars.  There  are  eleven  station  platforms,  serving  twenty- 
one  tracks;  of  the  latter,  sixteen  (Nos.  1  to  16,  inclusive,  numbering 
from  the  south  side)  are  normally  assigned  to  the  Pennsylvania  service, 
and  all  communicate  with  the  North  River  Tunnels.  The  remaining 
five  tracks  to  the  north  (Nos.  17  to  21,  inclusive)  are  assigned  to  the 
Long  Island  service. 

Pennsylvania  Railroad  trains — except  certain  short-distance  ex- 
presses from  Philadelphia,  and  certain  locals — after  unloading,  proceed 
through  the  32d  Street  and  East  River  Tunnels  to  a  large  terminal 
yard  in  Long  Island  City,  where  they  are  turned,  cleaned,  and  made 
up  for  the  return  trip.  The  short-distance  expresses  are  turned  and 
stored  in  the  station  yard.  All  Long  Island  trains  are  at  present  cared 
for  in  the  station  yard;  the  expresses  are  switched  into  the  north  yard, 
and  locals,  after  unloading,  are  tail-switched  from  the  two  tracks 
adjoining  the  incoming  platform  (No.  11)  to  the  tracks  adjoining  the 
outgoing  platform  (No.  10).  In  case  of  necessity,  either  platform. 
No.  10  or  No.  11,  may  be  used  for  either  arriving  or  departing  pas- 
sengers, or  platforms  Nos.  8  and  9  may  be  similarly  utilized.  The  33d 
Street  Tunnels  are  normally  used  for  Long  Island  Railroad  business 
exclusively,  these  tunnels  communicating  with  tracks  Nos.  14  to  21, 
inclusive,  but  the  32d  Street  Tunnels  may  be  used  in  emergencies,  thus 
making  all  station  tracks,  except  the  southernmost  four,  available  for 
Long  Island  Railroad  service. 

Platforms. — The  original  plan  of  the  station  contemplated  following 
the  usual  American  practice  of  making  track  platforms  about  9  in. 
high  above  the  rails.  Detailed  development  of  the  station  facilities, 
however,  indicated  that  low  platforms  are  open  to  some  serious  objec- 
tions, and  a  departure  was  decided  on  in  the  adoption  of  the  English 
standard  practice,  making  the  platforms  flush  with  the  car  floor,   a 
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decision  which  may  have  a  far-reaching  effect  in  the  future  on  the 
practice  in  other  stations  in  America.  The  general  features  of  this 
platform  are  shown  on  the  lower  part  of  Plate  I.XVII.  The  controlling 
reasons  for  the  adoption  of  high  platforms  in  the  New  York  Station  were : 

(a)  The  greater  ease  in  loading  and  unloading  cars;  an  advantage 
which  will  be  appreciated  by  passengers  who  are  infirm,  or  who 
have  hand-baggage; 

(&)  The  saving  in  time  of  loading  and  unloading  trains;  this  will 
tend  to  prevent  congestion  on  narrow  platforms,  and  is  an 
important  factor  in  utilizing  to  the  fullest  the  station  facili- 
ties, especially  in  local  excursion  and  commuter  services; 

(c)  A  saving  of  about  4  ft.  in  the  vertical  lift  between  the  plat- 
forms and  the  street;  this  is  also  an  important  advantage  in  a 
station  depressed  below  the  street  level; 

(d)  The  elimination  of  the  dangerous  practice  of  crossing  tracks 
at  grade,  a  consideration  which  applies  to  employees  as  well 
as  to  passengers,  and  has  special  force  in  a  station  where  the 
view  is  obstructed  by  colmnns,  etc.; 

(e)  Incidentally,  they  permit  the  convenient  use  of  hydraulic 
power  for  operating  the  elevators  and  lifts,  giving  space  under 
the  platforms  for  the  machinery  and  piping;  they  also  provide 
space  for  housing  the  signal  and  certain  other  electrical 
apparatus. 

The  usual  objections  cited  against  high  platforms  for  steam  rail- 
ways had  not  controlling  weight,  in  the  case  of  this  terminal  station, 
because  of  its  location  and  the  type  of  equipment  adopted  for  other 
reasons,  thus : 

(a)   The  new  steel  cars  used  for  all  purposes  have  vestibules  with 
side-doors  arranged  so  that  they  can  be  opened  without  requir- 
-        ing  the  trap  over  the  steps  to  be  lifted,  and  the  fascia  over  the 
doors  is  of  sufficient  height  to  permit  passengers  to  walk  out 
on  the  platform  level; 
(h)   The  difficulty  of  handling  baggage  to  and  from  trucks  at  the 
cars  is  minimized  by  using  a  special  truck,  with  its  platform 
only   9   in.   above   the  car  floor; 
(c)   The  arrangement  of  lifts  and  cross-trucking  subways  under 
the  tracks  makes  it   unnecessary  to   tinick   across   the  tracks 
at  grade; 
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(d)  The  first  cost  of  the  high  platforms  was  not  excessive,  because 
of  the  cheapening  of  other  constructive  features  of  the  station, 
such  as  the  lifts,  stairways,  piping,  signals,  etc. 

There  are  eleven  passenger  platforms  under  the  station,  varying 
in  width  from  20  to  40  ft.,  and  in  length  from  750  to  1 170  ft.  All  are 
"island"  platforms,  having  a  track  on  each  side.  The  total  platform 
length  adjacent  to  passenger  tracks  is  21  500  ft.  In  addition,  there 
are  "island"  platforms  west  of  the  Station  and  under  the  Post  Office 
which  are  used  exclusively  for  mail  car  purposes.  Space  has  also  been 
assigned  for  two  additional  platforms  at  the  south  side  of  the  yard 
near  Ninth  Avenue,  for  future  Express  Building  purposes.  The  plat- 
forms are  of  reinforced  concrete  with  edges  set  3  ft.  10  in.  above  the 
top  of  the  track  rails,  and  5  ft.  3  in.  from  the  center  of  the  track. 
These  standards  allow  a  normal  clearance  of  3  in.  from  the  side  of  the 
widest  car,  and  place  the  top  edge  always  somewhat  below  the  car 
platform,  due  allowance  being  made  for  wear,  loading,  and  variation 
in  equipment. 

TABLE  3. — Elevators  and  Lifts. 


Elevators,  etc. 

No. 

Size  of  cars. 

Capacity, 
in  pounds. 

Capacity, 

in 
passengers 
per  hour. 

Speed, 

in  feet 

per  minute. 

Lift, 
in  feet. 

Passenger  elevators . . 

11 

21 

4 

10 
2 
4 
1 

5  bv  10  ft. 
7  by  15  ft. 

6  bv  15  ft. 
5bv5ft.  10  in. 

4  by  3  ft. 

2  by  2  ft. 

Stair4  ft.  wide. 

2  500 
7  500 
7.500 
2  500 
400 
100 

750 
'9666 

200 
100 
100 
300 
200 

2a) 

85 

17 

28 

Post  Office  lifts 

Office  elevators 

Dumb-waiters 

Escalator 

52  to  70 
40  to  70 

54 

37 

25 

Water  pressure  used  at  hydraulic  lifts,  270  lb.  per  sq.  in. 
Elevators  and  Lifts. — The  location  of  the  building  over  the  tracks, 
and  the  peculiar  arrangement  of  the  public  spaces  and  the  offices,  as 
well  as  the  great  area  covered,  made  the  planning  of  the  necessary 
system  of  vertical  conveyors  for  passengers  and  freight  a  difficult 
matter.     Services  were  to  be  provided  for: 

(1)  Passenger  elevators  from  the  track  platforms; 

(2)  Baggage  lifts  between  the  baggage-room,  the  platforms,   and 
the  subways  underneath; 

(3)  Office  elevators  from  the  street  level  to  the  floors  above; 

(4)  Service  elevators   and  dumb-waiters  between  the  restaurants 
and  the  kitchens; 
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(5)  Moving  stairways  (or  escalators)  from  the  concourse  to  the 
street  level; 

(0)  Lifts  and  conveyors  for  handling  mail  from  the  trucking  sub- 
ways to  the  main  floor  of  the  Post  Office. 

In  general,  it  was  determined  that  each  platform  should  be  provided 
with  a  passenger  elevator  operating  between  the  train  level  and  the  exit 
concourse.  It  was  not  possible,  because  of  the  plan  of  the  building,  to 
operate  these  to  the  street  level,  nor  could  they  be  made  of  sufficient 
capacity,  without  sacrifice  of  platform  space,  to  handle  entire  train 
loads.  The  arrangement  adopted  gives  one  elevator  for  each  platform, 
eleven  in  all.  Three  of  these  have  a  lift  of  27  ft.  6  in.  to  the  main 
concourse,  and  the  remaining  eight  a  lift  of  17  ft.  to  the  exit  con- 
course only. 

Because  of  the  high  platforms,  baggage  trucking  cannot  be  done 
across  the  tracks  at  grade,  therefore  a  very  complete  system  of  lifts 
has  been  provided  between  each  platform  and  the  baggage-rooms  above, 
as  well  as  to  a  cross-subway  below.  Each  of  the  nine  long  station 
platforms  has  been  equipped  with  two  lifts,  one  from  the  outbound 
baggage-room  on  the  west  side  of  the  building,  and  one  from  the 
inbound  baggage-room  on  the  east  side.  The  two  short  Long  Island 
platforms  on  the  north  side  of  the  station  have  one  lift  each.  The 
lifts,  generally,  have  a  travel  of  28  ft.  Mail  handling  to  the  Post  Office, 
as  explained  more  fully  elsewhere,  required  the  installation  of  four 
lifts  from  the  platforms  to  the  building  proper. 

The  use  of  escalators,  or  moving  stairways,  from  the  platforms  to 
the  concourse  was  considered,  and,  although  space  was  provided  for 
them  in  the  building  framing,  it  was  decided  to  defer  their  installation 
until  their  actual  operating  necessity  was  demonstrated.  If  not  needed 
they  would  be  objectionable,  as  they  would  transport  passengers  to  the 
main  instead  of  the  exit  concourse;  thus  they  would  cause  a  conflict 
of  passenger  movements,  and  defeat  the  chief  advantage  of  the  double 
concourse  system.  The  condition  at  the  north  side  of  the  station, 
however,  where  large  commuter  travel  from  the  Long  Island  Eailroad 
is  cared  for,  is  special,  and  at  this  point  an  escalator  has  been  provided, 
leading  passengers  from  the  exit  concourse  under  33d  Street  to  the 
street  level  midway  between  Seventh  and  Eighth  Avenues.  By  this 
means  passengers  are  landed  without  effort  in  a  private  street  and 
near  the  34th  Street  cross-town   surface  car  line. 
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The  selection  of  a  suitable  operating  means  for  the  entire  elevator 
and  lift  system  was  made  the  subject  of  much  study,  as  many  of  the 
conditions  were  difficult.  The  great  area  to  be  covered  (about  20 
acres  for  the  building  and  yard)  indicated  that  electric  distribution 
of  power,  rather  than  hydraulic,  would  be  simpler  and  cheaper.  In 
fact,  in  the  case  of  low  station  platforms,  as  first  intended,  it  seemed 
to  be  essential  to  adopt  electric  elevators,  as  there  was,  in  places,  no 
available  room  for  the  piping  runs  and  pressure  tanlvs  required  for 
a  hydraulic  system.  In  case  of  the  baggage  lifts,  however,  it  was 
desired  to  secure  the  advantage  of  the  hydraulic  plunger  type,  because 
of  the  ease  and  accuracy  of  control,  simplicity,  and  absence  of 
machinery  and  counterweights  over  the  platfox-ms  and  tracks.  There- 
fore, when  high  station  platforms  were  adopted,  it  was  found  entirely 
practicable  to  use  hydraulic  baggage  lifts  and  concourse  passenger 
elevators,  placing  all  piping  and  apparatus  in  the  space  under  the 
platforms. 

The  conditions  were  somewhat  different  with  the  ofiice  elevators 
and  kitchen  dumb-waiters,  as  their  plungers  would  interfere  with 
clearances  over  the  tracks,  and  therefore  electric  elevators  were  adopted 
for  these   services. 

Power  for  the  hydraulic  lifts  is  furnished  by  pumps  in  the  Service 
Plant,  and  current  for  the  electric  elevators  is  taken  from  the  general 
traction  power  mains  through  a  special  switch-board  connection  in  the 
Service  Plant.  The  electric  elevators,  being  over  the  platforms  and 
tracks,  required  special  safety  precautions  to  arrest  a  falling  car  or 
counterweight;  therefore,  all  elevator  shafts  were  provided  with  air- 
cushion  wells,  from  8  to  10  ft.  deep,  and  Cruickshank  arresters  for  the 
counterweights.  Thorough  tests  were  made  of  the  efficiency  of  these 
devices  on  all  elevators;  for  instance,  a  fully  loaded  car  was  cut  loose 
at  the  top  of  a  shaft,  allowed  to  drop  freely  70  ft.  into  the  cushion,,  and 
was  brought  to  a  stop  without  spilling  water  or  breaking  an  egg  in  the 
car;  the  air  pressure  developed  in  the  cushion  was  about  16  lb. 
per  sq.  in. 

Gates  and  Control. — The  gate  and  control  systems  for  the  baggage 
lifts  are  worthy  of  mention.  To  provide  against  the  possibility  of  a 
baggage  truck  breal^ing  through  a  lift-gate  at  the  platform  level,  there 
are  collision-proof  gates  of  steel  plates  and  reinforcing  angles  at  all 
entrances  to  the  lift  shafts.     These  gates  are  of  the  disappearing  type, 
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moving  in  slots  in  the  hatchways  below  the  platform  level.  They  are 
partly  counterweighted,  and  are  operated  by  compressed  air,  controlled 
through  levers  on  the  car  and  from  the  outside.  A  gate  can  be  opened 
only  when  a  car  is  at  rest  at  the  landing;  if  a  car  leaves  the  landing 
while  the  gates  are  open,  they  will  close  automatically.  Either  gate  for 
a  car  can  be  operated  independently. 

In  order  to  obviate  the  necessity  of  having  an  attendant  at  each 
lift,  a  special  apparatus  was  installed  to  operate  the  hydraulic  starting 
mechanism  through  electric  control.  This  consists  of  push-buttons, 
located  at  each  landing  and  on  the  car  itself,  electric  circuits  to  a 
controller-board,  and  an  electrically-operated  pilot-valve  on  the  board, 
controlling  the  hydraulic  valve  mechanism  proper  of  the  lifts.  A  car 
can  thus  be  called  for  or  sent  to  any  landing  automatically  by  pressing 
the  button  for  that  landing.  The  car  cannot  be  operated  by  the  push- 
button control  if  any  hoistway  gate  is  open,  and  when  a  car  is  at 
rest  at  a  landing  and  the  gate  is  open,  the  car-operating  rope  is  locked 
against  movement  until  the  gate  is  closed;  furthermore,  after  a  bxitton 
has  been  pushed  to  send,  or  to  call  the  car,  all  other  buttons  are  in- 
operative until  the  car  has  moved  to,  and  come  to  a  stop  at,  the  landing 
called.  If  a  gate  is  opened  while  a  car  is  moving,  the  car  will  stop  at 
the  next  landing  toward  which  it  is  moving.  In  addition  to  this 
automatic  control,  the  lifts  may  be  operated  in  the  usual  way  by 
hand-ropes. 

Baggage  Handling. — The  baggage  facilities  have  been  planned  for 
as  rapid  service  as  consistent  with  the  very  large  platform  area 
served,  and  to  avoid  long-distance  trucking  on  the  platforms,  which 
are  necessarily  somewhat  narrow  and  obstructed  by  building  columns. 
Therefore,  two  baggage-rooms  have  been  provided;  one  at  the  east 
side,  adjoining  the  main  waiting-room  and  the  driveways,  for  deliver- 
ing to  and  from  wagons,  for  checking  and  for  arriving  baggage  from 
1  rains;  and  one  at  the  west  side,  adjoining  Eighth  Avenue,  for  delivery 
to  trains.  The  east  room  contains  all  the  usual  facilities  for  weighing, 
checking,  storage,  and  offices  for  the  operating  force,  and  for  the 
Transfer  Company,  and  is  the  one  to  which  the  public  has  access. 
The  west  room  is  chiefly  a  passageway  for  reaching  the  various  plat- 
form lifts.  The  two  rooms  have  communication  by  a  trucking  passage- 
way under  31st  Street  and  under  the  Seventh  Avenue  front  of  the 
building.     The  following  data  relate  to  baggage  handling,  in  terms 
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of  amount  handled  at  present  in  summer;  the  ultimate  capacity  of 
the  facilities  provided  is  much  greater,  of  course,  than  the  figures 
given : 

Estimated  quantity  of  baggage  handled  per  hour.  220  pieces. 

Total  quantity  per  24  hours 6  025       " 

Storage  capacity    6  000      " 

Length  of  run  from  east  to  west  room 1  350  ft. 

Time  required  to  deliver  truck  load  to  car  at 

west  end  of  platform 8  min. 

Number  of  baggage  scales 4 

Capacity,  total  20  000  lb. 

Capacity,  weighing  10  000    " 

Baggage  Trucks. — There  are  four  kinds  of  baggage  trucks  for  sta- 
tion uses.  The  special  trucks,  used  for  general  baggage  purposes, 
were  designed  and  built  by  the  Motive  Power  Department,  at  Altoona, 
and  are  similar  to  those  in  use  elsewhere  on  the  road,  except  that 
they  have  drop  frames,  with  floors  flush  with  the  track  platforms, 
for  greater  convenience  in  loading  from  the  cars.  These  special 
trucks  are  automobile  and  trailing,  both  of  the  same  construction, 
except  that  the  former  are  equipped  with  electric  motors  and  storage 
batteries.  The  battery  is  of  twelve  cells  of  200  ampere-hours  capacity, 
with  a  maximum  discharge  rate  of  50  amperes.  The  batteries  are  re- 
charged at  a  stand  in  the  31st  Street  baggage  passageway,  where 
hand-cranes,  charging  racks,  and  electrical  connections,  communicating 
with  a  switch-board  in  the  Service  Plant,  have  been  placed.  The 
charging  current  is  25  volts,  and  is  supplied  by  small  motor-generators 
in  the  above  plant,  as  a  part  of  the  auxiliary  power  system.  Other 
data  regarding  these  trucks  are  as  follows : 

Size  of  platforms 3  ft.  8  in.  by  12  ft. 

Height  above  floor 9^  in. 

Speed,   in   miles   per   hour 6 

Shortest  turn   15  ft.  radius. 

Weight  of  truck,  light 2  600  lb. 

Capacity  of  truck 4  000    " 

The  following  trucks  are  provided  for  different  station  purposes: 

Electric  baggage  trucks 25 

Trailer   baggage   trucks   of   the   same   type,   without 

motors     25 

Mail-handling  trucks,  without  motors 25 

Funeral  trucks    6 


676       PENN.  E.   R.   tunnels:  station,  track,  yards,  etc.       [Papers. 

Train  Indicators. — In  the  main  concourse,  at  the  head  of  the  stairs 
to  each  track  platform,  there  are  gates  and  illuminated  signs  describ- 
ing the  destinations  and  the  departure  times  of  trains.  There  are 
forty-four  of  these  indicators.  They  consist  of  cast-iron  columns, 
16  ft.  high,  two  at  each  gate.  The  top  of  each  column  is  four-sided, 
and  contains  mechanism  for  moving  steel  tapes  opposite  the  open- 
ings on  the  four  sides  simultaneously;  on  these  tapes  the  numerals 
from  1  to  10  are  enameled.  The  mechanism  is  operated  by  a  crank 
key  through  vertical  rods  and  gearing  from  sockets  near  the  bottom  of 
the  post;  by  turning  this  key  the  tapes  may  be  set  to  indicate  any 
desired  departure  time.  The  posts  also  carry  a  four-sided  card  box, 
in  which  destination  signs  are  displayed;  these  are  placed  in  a  frame, 
operating  in  guides  in  the  post,  and  raised  into  position  by  a  hoisting- 
drum   mechanism. 

Train-Htarting  System. — As  the  distance  between  the  gates  on 
the  main  concourse  and  the  trains  at  corresponding  station  platforms 
is  considerable,  it  was  necessary  to  have  a  system  for  quick  commu- 
nication between  the  gateman,  the  conductor  of  the  outgoing  train, 
and  the  train  director  in  the  signal  cabin,  in  order  to  insure  prompt 
control  of  the  starting  of  trains  at  the  scheduled  time. 

At  the  head  of  the  stair  leading  to  the  platform  there  is  a  push- 
button and  lamp  indicator;  and  on  each  platform  at  four  different 
points  there  is  inserted  in  the  column  an  instrument  containing  a 
switch,  a  push-button,  an  indicating  light,  and,  higher  on  the  same 
column,  another  light.  There  is  an  instrument  for  the  same  function 
in  the  interlocking  cabin  controlling  the  train  movement  out  of  the 
station.  Fig.  1,  Plate  LXXV,  is  a  view  of  a  column  at  the  plat- 
form level,  showing  the  train-starting  device  and  telephone  set.  All 
these  various  devices  are  interconnected  by  electric  wiring,  and  operate 
as  follows :  About  1  min.  before  the  train  is  to  leave,  the  conductor 
inserts  a  key  in  the  train  director's  instrument,  thus  showing  the 
number  of  the  train  for  which  the  announcement  is  given.  The 
director  then  moves  a  lever,  which  closes  the  circuit  and  lights  a 
lamp  in  the  conductor's  box  and  at  the  platform  gate  to  indicate  to 
both  conductor  and  gateman  that  the  route  has  been  set  for  the  de- 
parture of  the  train.  When  a  gateman  closes  his  gate  at  the  train 
leaving  time,  he  pushes  a  button,  extinguishing  the  indicating  light 
and,  at  the  same  time,  by  the  lighting  of  the  lamp  at  the  top  of  the 
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Fig.   1. — Column  at  Platform  Level,  Showing  Train- 
Starting   Device  and  Telephone   Set. 


Fig.    2. — Piping   and   Hot-Air   Ducts    in   Station    Base.ment. 
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column,  notifying  the  conductor  that  the  gate  is  closed.  When  the 
passengers  arc  aboard  the  train  the  conductor  operates  a  push-button 
circuit-breaker,  extinguishing  all  lights  and  restoring  the  apparatus 
to   normal. 

Clock  System. — Electrically-operated  and  centrally-synchronized 
clocks  have  been  provided  throughout  the  station  and  yard;  they  are 
distributed  as  follows:  Four  clocks,  6  ft.  in  diameter,  on  the  exterior 
fagades  of  the  building;  fourteen,  with  diameters  varying  from  18  in. 
to  15  ft.,  in  the  public  rooms;  twenty-six  in  various  offices,  yard 
buildings,  and  signal  cabins,  and  one  master-clock,  in  the  train 
dcspatcher's  office,  synchronizing  all  other  clocks. 

The  clocks  are  of  three  different  types:  motor-driven,  impulse- 
driven,  and  primary  or  self-contained.  The  master-clock  is  equipped 
with  a  transmitter  and  circuit-closing  device  to  transmit  operating 
and  synchronizing  impulses  to  the  other  clocks,  and  besides  being  a 
close  time-keeper,  is  corrected  automatically  once  in  each  24  hours  from 
a  signal  sent  out  by  the  United  States  Observatory  at  Washington. 

The  motor-driven  clock  is  the  15-ft.  dial  instrument  in  the  main 
waiting-room;  its  hands  move  forward  slowly  each  i  min.  The 
impulse  clocks,  comprising  those  in  the  public  rooms,  have  a  jump 
movement  forward  each  i  min.,  by  impulses  sent  out  from  the  master- 
clock  through  the  medium  of  a  transmitter.  The  "primary"  clocks 
in  the  offices  have  self-contained  winding  and  operating  mechanism, 
with  a  winding  battery  within  the  clock  and  arranged  to  be  corrected 
hourly  by  irnpulses  received  from  the  master-clock.  The  primary 
clocks  are  synchronized  in  multiple,  and  the  impulse  clocks  are  oper- 
ated in  series. 

A  central  storage  battery  of  twelve  cells,  in  duplicate,  provides 
the  necessary  source  of  energy  for  operating  the  entire  plant.  Each 
battery  is  sufficient  for  one  week's  work,  the  re-charging  being  done 
alternately  from  a  motor  generator  in  the  Service  Plant.  The  total 
current  consumption   is   about   3   ampere-hours  per   day. 

Nearly  all  the  clocks  are  lighted  by  reflection  from  the  general 
illumination  of  the  rooms,  but  those  on  the  exterior  of  the  building 
and  in  the  main  waiting-room  are  lighted  by  electric  lamps  in  the 
clock  cases.  The  casings  of  the  clocks  on  the  exterior  of  the  building 
and  in  the  public  rooms  were  designed  by  the  architects,  and  at  each 
location  harmonize  with  the  general  finish  of  the  building. 
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Pneumatic  Tuhes. — For  the  prompt  dispatch  of  messages  and  small 
packages,  between  the  different  buildings  throughout  the  yard  and 
the  offices  in  the  station  building,  a  pneumatic-tube  carrier  system  has 
been  installed.  It  operates  at  an  air  pressure  of  from  2  to  4  lb.  per 
sq.  in.,  the  air  supply  being  taken  from  the  compressors  in  the  Service 
Plant  through  reducing  valves  into  low-pressure  storage  tanks,  located 
at  various  points  throughout  the  yard  and  building,  and  thence  piped 
to  the  tube  terminals. 

The  tubes  are  of  brass,  specially  drawn,  are  of  various  sizes,  and 
have  long-radius  turns.  Each  run  is  of  a  single  tube,  having  ter- 
minals at  the  ends  to  serve  for  either  dispatching  or  receiving  the 
carrier.  The  terminals  are  normally  open,  and,  when  the  carrier  is 
placed  in  the  tube,  the  door  at  that  end  is  closed  and  air  automatically 
admitted.  The  door  remains  closed  until  the  carrier  reaches  the 
opposite  end  of  the  line;  there  it  trips  a  trigger  which  opens  an  electric 
circuit  and  de-energizes  the  electro-magnet  which  holds  the  door  shut 
at  the  sending  end. 

The  carriers  are  of  leather,  and  of  the  required  sizes  to  hold  mes- 
sages, baggage  checks,  packages  of  tickets,  etc.,  depending  on  the 
service.  The  length  of  the  tube  runs  varies  from  150  to  1  000  ft.,  the 
total  length  of  the  system  aggregating  7  000  ft. 

The  following  are  the  lines  of  intercommunication  established: 

From  the  telegraph  office  on  the  second  floor  of  the  Eighth  Ave- 
nue building,  2i-in.  lines  to  each  of  the  following: 

Two  Pullman  offices  in  general  waiting  hall. 

Baggage   Agent's   office   in   baggage-room. 

Station  Master's  office  at  northwest  corner  of  concourse. 

Assistant  Yard  Master's  office  in  yard  under  Post  Office. 
From  the  two  telegraph  offices  in  the  general  waiting  hall,  2^-in. 
lines  to : 

Each  Pullman  office  in  general  waiting  hall. 
From  Assistant  Yard  Master's  office  in  yard,  2;i-in.  line  to : 

Signal  Cabin  "A"  in  the  yard. 
From  Signal  Cabin  "A,"  2:i-in.  line  to : 

Car  Inspector's  office  in  yard. 
From  the  ticket  stock-room,  5-in.  lines  to : 

Two  general  ticket  offices  in  general   waiting  hall. 
From    Assistant   Baggage    Master's   booth   in    baggage-room,    4-in. 
line  to : 

Two  baggage-checking  desks  in  baggage-room. 
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Lighting. — The  oii^iiu'criiifj:  coiisidc  rations  leading  to  the  selection 
of  the  type  of  liyhtinj;-  for  the  Station  are  discussed  in  connection  with 
the  design  of  the  Service  Plant.  It  is  there  stated  that  small  lighting 
units,  rather  tliaii  powerful  arc  lamps,  were  adopted.  Tliis  decision 
was  reached,  not  onlj'  hecausc  of  the  good  architectural  effect  and  the 
agreeable  quality  of  small  lights,  but  because  of  the  cflfective  diffusion 
secured  from  numerous  sources  of  light.  In  general,  the  treatment 
adopted  for  different  spaces  is  as  follows : 

The  street  lighting  is  by  lanterns  of  moderate  power,  set  on  posts 
16  ft.  high,  and  45  ft.  apart  around  the  building;  this  system  is  used 
extensively  in  Europe,  especially  in  Paris.  The  arcade  is  lighted  by 
side  brackets  containing  clusters  of  Nernst  lamps.  The  public  rooms, 
except  the  main  waiting-room,  are  lighted  by  ceiling  chandeliers,  con- 
sisting of  rings  of  Xernst  lamps;  the  main  waiting-room,  because  of 
its  great  height,  is  lighted  near  the  floor  only  by  two  rows  of  cluster 
lami)s  on  posts,  with  a  limited  amount  of  side-bracket  lighting  for  wall 
ilhimination ;  the  ceiling  of  this  room  is  intended  to  be  left  in  semi- 
obscurity,  thus  increasing  the  effect  of  height  at  night.  The  concourse, 
having  its  roof  and  floor  largely  of  glass  and  ironwork,  was  a  difficult 
.space  to  light  agreeably  and  effectively;  after  experiments  with  various 
kinds  of  lights,  it  was  decided  that  rings  of  Nernst  lamps  around  the 
columns,  and  ring  chandeliers  for  the  central  spaces,  gave  the  best  effect. 

For  general  illumination,  the  offices  are  equipped  with  ceiling 
lamps;  local  desk  circuits,  however,  are  provided  in  the  base-boards  of 
each  room.  The  platforms  are  lighted  by  Nernst  units  about  20  ft. 
apart  and  as  high  above  the  floor  as  local  conditions  permit.  The 
intensity  of  the  platform  lighting,  as  will  be  noted  from  the  list,  is 
relatively  low  compared  with  other  spaces,  but  is  ample. 

The  question  of  the  best  type  of  lamp  for  lighting  the  Station  was 
given  much  consideration.  At  the  time  when  decision  was  necessary, 
clioice  lay  between  the  ordinary  carbon  filament,  the  metalized  carbon 
filament,  and  the  Nernst.  This  latter  form  uses  a  "glower,"  made  of 
a  mixture  of  rare  metallic  oxides,  and  is  not  sealed  in  an  exhausted 
bull),  a.s  are  ordinary  incandescents.  The  Nernst  lamp  gives  light  of 
agreeal)le  quality,  and  its  construction  is  such  that  the  light  is  radiated 
from  the  lower  hemisphere  without  the  use  of  reflectors,  thus  readily 
adapting  it  to  general  illumination  from  overhead  sources;  further- 
more, it  was  decided  to  be  more  economical  than  other  forms  available. 
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For  these  reasons  it  was  decided  to  adopt  it  for  all  general  illumina- 
tion of  the  Station;  in  certain  special  cases,  however,  such  as  for  the 
lamp-post  clusters  in  the  main  waiting-room,  for  desks  in  the  offices, 
etc.,  incandescent  lamps,  either  carbon  or  tungsten,  are  used. 

Electric  current,  used  in  the  Station  for  lighting  and  motors,  is  dis- 
tributed at  the  required  voltages  from  a  main  switch-board  in  the 
Service  Plant  through  cables  to  sub-switch-boards,  located  at  centers 
of  the  main  divisions  of  the  Station;  from  these  boards  it  is  further 
distributed  to  local  boards  in  the  smaller  sections,  or  in  individual 
rooms,  and  finally  to  the  room  switches  in  the  offices,  or  to  large  groups 
of  lights  in  the  public  rooms.  All  the  larger  public  rooms  are  supplied 
with  current  from  duplicate  sets  of  feeders,  one  set  of  which  is  con- 
nected to  an  emergency  bus  in  the  Service  Plant.  The  main  feeders 
from  the  Service  Plant  are  carried  through  the  pipe  subways  under 
the  tracks  and  in  special  pipe  and  wire  shafts  built  in  the  Station 
Building  walls.  The  branch  circuits  are  generally  carried  on  top  of 
the  concrete  floor  arches  and  built  into  partitions.  All  feeders  and 
sub-feeders  are  three-phase;  branch  circuits  are  single-phase.  The 
lighting  of  public  rooms  is  arranged  so  that  half  the  lights  are  sup- 
plied by  each  of  two  feeders. 

Miscellaneous  power  distribution  is  arranged  in  a  similar  manner, 
the  power  to  the  heating  and  ventilating  motors  throughout  the  build- 
ing being  distributed  directly  to  the  sub-boards  in  these  rooms  from 
the  Service  Plant  switch-board. 

Further  data  are  given  below: 

Total  number  of  lighting  fixtures  in  Station ....  21  000 
Total  equivalent  combined  candle-power  of  lights 

in  Station   335  000 

Feet  of  conduit  used 310  000 

Feet  of  wire  (No.  14  to  600  000  cir.  mils.) 690  000 

Candle-power    (mean    hemispherical)    per    square 

foot,  main   waiting-room 0.43 

Other  public  rooms 0.60 

Offices   (general  lighting) 1.25 

Main  concourse   0.35 

Platforms 0.25 

Heating  and  Ventilating. — The  heating  and  ventilating  is  one  of 
the  most  important  as  well  as  one  of  the  most  complicated  of  the  ser- 
vice requirements,  and  covers  the  heating  of  the  main  station  as  well 
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as  of  the  numerous  buildings  in  the  terminal  yard,  and  the  heating 
supply  for  cars  standing  in  the  yard,  over  an  area  of  about  28  acres. 
The  type  of  heating  had  a  bearing,  not  only  on  the  kind  and  quantity 
of  apparatus  required,  but  on  the  design  and  construction  of  the  Sta- 
tion Building  itself,  and  therefore  the  general  heating  scheme  had  to 
be  determined  prior  to  the  construction  of  the  building,  and  with  an 
intimate  acquaintance  of  the  plans,  in  order  that  its  service  could  be 
made  to  harmonize  therewith. 

The  problem  involved  primarily  the  heating  of  a  building  having 
very  large  cubical  contents,  but  especially  one  covering  an  unusually 
large  ground  area,  and  the  fact  that  the  building  has  no  basement  or 
cellar  proper  introduced  special  difficulties  in  installing  large  heating 
mains  and  radiating  apparatus.  The  rooms  in  the  building  vary  in 
size  from  the  main  waiting-room,  110  by  150  ft.  and  150  ft.  high,  down 
to  the  usual  dimensions  of  offices;  and  the  occupancy  covers  the  com- 
posite requirements  of  a  railway  station,  a  restaurant,  and  an  office 
building.  Many  of  the  rooms  are  designed  to  house  large  numbers  of 
people,  some  of  the  rooms  have  only  indirect  communication  by  win- 
dows with  the  outside  atmosphere,  and  many  are  below  the  street  level; 
therefore,  it  appeared  desirable  to  use  a  forced-draft  heating  system,  so 
that  the  air  might  be  taken  from  suitable  places  and  that  proper 
ventilation  could  be  had  in  summer  as  well  as  in  winter,  provided  it 
could  be  installed  and  operated  at  a  moderate  cost  as  compared  with 
other  practicable  methods. 

To  determine  the  best  system  of  heating,  all  things  considered,  as 
applied  to  the  local  conditions,  elaborate  calculations  and  preliminary 
plans  were  made  for  various  systems,  as  follows : 

(a)  Direct  radiation  in  the  various  rooms,  without  forced  ventila- 
tion; 

(6)  Indirect  heating  from  pipe  stacks  located  at  central  points,  the 
warmed  air  being  distributed  through  ducts  by  forced  draft; 

(c)  A  combination  of  part  direct  and  part  indirect  heating. 

It  appeared  that  portions  of  the  Station,  such  as  the  waiting-rooms, 
kitchens,  restaurants,  and  toilets,  where  forced  heating  and  ventilation 
were  desirable,  if  not  actually  necessary,  comprised  at  least  two-thirds 
of  the  total  area  to  be  dealt  with;  and  that  if  the  indirect  system 
should  be  used  for  places  where  it  is  essential,  it  could  be  extended 
to  embrace  the  smaller  spaces,  such  as  the  offices,  without  introducing 
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prohibitive  complication  or  without  materially  increasing  the  first  cost 
of  installation  over  that  of  the  combined  direct-indirect  system.  The 
conclusion  was  reached,  therefore,  that  the  indirect  system  with  forced 
ventilation,  both  by  draft  and  suction,  should  be  adopted  for  all  spaces 
except  special  isolated  places,  such  as  the  baggage-rooms,  which  cannot 
be  entirely  closed  by  doors,  and  in  cases  of  the  small  isolated  buildings 
in  the  yard,  where  the  direct  system  of  radiation  from  pipes  in  the 
rooms  should  be  used. 

The  next  consideration  was  that  of  the  medium  of  supplying  the 
heat  from  a  central  point,  the  source  of  heat  being  the  boilers  in  the 
31st  Street  Service  Plant.  It  was  concluded  that  low-pressure  steam, 
either  live  or  exliaust,  conducted  to  the  building  through  pipes  was 
impracticable,  on  accoimt  of  the  great  area  to  be  served,  the  very  large 
dimensions  of  the  pipe  mains,  pipe  expansion  troubles,  and  the  lack 
of  opportunity  for  draining  properly  the  complicated  system  of  return 
piping.  Furthermore,  exhaust  steam  thus  used  would  cause  excessive 
back  pressure  on  the  engines;  live  steam  at  high  pressure  would  reduce 
the  diameter  of  some  of  the  pipes,  but  would  still  leave  unsettled  the 
question  of  proper  drainage,  and  would  make  it  difficult  to  control  the 
pressure  at  widely  separated  points.  The  cost  of  operation  would  also 
be  high,  as  no  advantage  could  be  taken  of  the  economy  to  be  gained 
by  passing  the  steam  first  through  the  engines  to  produce  light  or 
power.  The  remaining  method,  namely,  the  use  of  water  heated  at  a 
central  point  near  the  engines  by  exhaust  steam  from  them,  and  dis- 
tributed by  pumping  through  a  piping  system  to  locally  placed  stacks 
in  the  building,  appeared  to  be  best.  Such  a  system  involves  small  pip- 
ing only,  is  free  from  drainage  troubles,  is  convenient  for  regulation, 
and  gives  the  best  quality  of  heat  under  varying  weather  conditions. 

While,  as  above  indicated,  it  was  concluded  that  the  water  system 
of  distributing  heat  was  the  only  one  filling  the  practical  necessities  of 
this  particular  case,  an  estimate  was  made  of  the  comparative  first  cost 
of  all  systems,  and  it  was  found  that  the  three  available  did  not  differ 
greatly  in  this  respect,  and  that  the  indirect  system  with  hot  water 
could  be  installed  at  as  low  first  cost  as  that  of  any  other. 

Comparison  was  made  of  the  operating  cost  of  both  the  direct  and 
indirect  systems,  on  the  basis  of  both  live  and  exliaust  steam-heating 
means.  It  was  found  that  the  lowest  operating  cost  would  be  obtained 
by  using  exhaust  steam  to  heat  water  circulation  with  direct-heating 
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radiators  in  the  rooms.  Forced  ventilation,  however,  which  as  above 
stated  was  considered  a  necessity,  would  not  entail  a  greatly  increased 
operatiiij;'  cost  by  the  use  of  indirect-heating  stacks,  as  the  supply  of 
exhaust  steam  would  be  ample  for  all  except  the  severest  weather. 

Steam  from  the  boilers  in  the  Service  Plant  is  passed  through  the 
variiius  engines  used  for  lighting,  for  air  compressors,  pumps,  etc.,  and 
the  exhaust  is  taken  into  tubular  water  heaters.  Motor-driven  centri- 
fugal pumps  circulate  water  through  these  heaters  by  the  closed-pipe 
system  into  and  through  nine  heating  chambers  in  various  parts  of  the 
Station  Buililing.  From  these  the  water  returns  to  the  circulating 
tanks  and  is  used  again.  Connections  are  also  made  to  the  water 
heaters,  so  that  live  steam  can  be  used  when  necessary.  Through  the 
heating  stacks  in  the  building  fresh  air  is  delivered  from  hoods  on  the 
roof,  being  drawn  by  fans  and  forced  through  a  system  of  galvanized 
sheet-metal  ducts  into  the  various  rooms  of  the  building.  In  general, 
the  warm  air  is  admitted  at  or  near  the  floor  line  and  the  foul  air  is 
drawn  out  by  suction  fans  at  or  near  the  ceilings  of  the  rooms.  The 
design  of  the  building  is  such  that  the  heating  stacks  may  be  located 
in  places  where  they  occupy  little  valuable  space,  and  the  heating  ducts 
are  in  most  cases  run  in  the  ceilings  of  the  rooms  and  passageways. 
Fig.  2,  Plate  LXXV,  shows  a  typical  portion  of  the  piping  and  hot 
air  duct  system  in  the   Station. 

The  total  volume  to  be  heated  in  the  building  is  10  280  000  cu.  ft., 
and  it  was  estimated  that  to  provide  proper  heating  and  ventilation 
under  maximum  conditions  would  require  the  circulation  of  2  000  000 
lb.  of  water  per  hour  at  a  temperature  of  200°  Fahr.  with  a  return 
temperature  of  160  degrees.  The  fans  (Fig.  1,  Plate  LXXVI)  and 
local  stacks  (Fig.  2,  Plate  LXXVI)  used  for  transferring  this  heat 
have  a  capacity  of  37  000  000  cu.  ft.  of  air  per  hour  raised  from  zero 
to  130°  Fahr.,  requiring  about  77  000  000  thermal  units. 

The  total  loss  for  exposure,  with  the  outside  temperature  at  zero 
and  the  inside  temperature  at  70°  Fahr.,  is  about  30  000  000  B.  t.  u. 
per  hour,  and  the  air  entering  the  rooms  at  such  times  is  heated  to 
about  120°  Fahr.,  with  a  discharge  velocity  of  about  300  ft.  per  min. ; 
an  average  drop  of  10°  is  allowed  for  losses  in  the  air  ducts. 

The  heating  surface  in  the  nine  heating  chambers  aggregates 
76  500  sq.  ft.,  made  up  of  cast-iron  cellular  units  in  fifteen  different 
stacks.      Each   of   these   stacks   is  provided   with   a   motor-driven   fan. 
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the  motor  being  belted  to  the  fan  pulleys,  so  that  the  fans  may  be 
driven  either  by  single  motors  or  in  groups.  The  fans  are  multi-vane, 
and  the  motors  are  of  the  three-phase  induction  type,  varying  in  horse- 
power from  20  to  40.  The  fan  capacities  vary  from  15  000  to  75  000 
cu.  ft.  of  air  per  min.  Screens  are  provided  in  the  fan  chambers  for 
cleaning  the  air. 

Ventilating  System. — Galvanized-iron  ducts  and  exhaust  fans  are 
provided  for  ventilating  purposes  in  addition  to  the  heating  fans. 
There  are  twenty-one  different  fans  for  the  purpose,  varying  in  capacity 
from  4  300  to  32  000  cu.  ft.  of  air  per  min.,  with  belted  motors  varying 
in  capacity  from  2  to  10  h.p.  The  total  capacity  of  these  ventilating 
fans  is  43  000  000  cu.  ft.  of  air  per  hour,  or  sufficient  to  change  the  air 
in  the  different  sections  of  the  building  from  three  to  ten  times  per 
hour,  depending  on  the  occupancy  of  the  particular  space. 

As  the  rooms  used  for  different  purposes  communicate  with  one 
another,  it  was  necessary,  in  designing  this  heating  and  ventilating 
system,  to  provide  for  suitable  differential  pressures  in  the  rooms,  in 
order  that  odors  should  not  be  communicated  from  one  room  to  that 
adjoining;  this  is  especially  necessary  in  the  ventilation  of  the  kitchen 
and  serving-rooms  and  of  the  various  toilet-rooms.  The  pressure  in 
these  rooms,  therefore,  is  maintained  below  that  of  those  adjoining,  so 
that  the  ventilation  is  into  them  rather  than  the  reverse.  The 
ventilating  system  of  flues  and  fans,  therefore,  is  divided  into  two 
sections,  giving  entirely  separate  ventilation  for  the  kitchens  and 
toilet-rooms.  Ventilation  of  the  toilet  fixtures  is  accomplished  with 
a  local  vent  in  a  closed  space  back  of  each  fixture,  which  in  turn  is 
connected  to  an  exhaust  vent,  so  that,  in  operation,  a  current  of  air  is 
continually  drawn  into  the  toilet-rooms,  passed  through  the  fijitures, 
and  discharged  above  the  roof  of  the  building. 

In  order  to  economize  in  the  amount  of  heat  required  in  the  large 
public  rooms  in  very  cold  weather,  arrangements  have  been  made  to 
by-pass  the  discharge  from  the  ventilating  fans,  either  in  part  or 
entirely  to  the  outside  atmosphere,  or  to  the  heating  stack  chambers; 
thus  the  warmed  air  from  the  rooms  may  be  used  again  in  any  propor- 
tion desired.  The  number  of  separate  register  openings  required 
throughout  the  building  to  control  the  inlet  and  egress  of  air  for 
heating  and  ventilating  is  3  000. 

Plumbing. — The  plumbing  comprises  the  extensive  system  of  piping 
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and  apparatus  for  toilet-rooms  and  lavatories  throughout  the  Station 
Building  and  yard.  In  the  various  terminal  buildings,  exclusive  of 
those  in  the  Post  Office,  58  separate  toilets  have  been  installed.  About 
one-third  of  these  discharge  directly  into  the  sewers,  and  the  remaining 
ones  through  ejectors.  The  capacity  of  the  various  toilets  was 
determined  by  careful  study  of  established  practice  for  office  buildings 
and  public  places.  In  the  rooms  of  the  Station  alone,  846  fixtures  have 
been  provided,  and  a  total  of  932  throughout  the  entire  area. 

The  main  public  toilets  are  noticeable  for  their  size  and  complete- 
ness of  arrangement.  They  are  located  immediately  under  the  sub- 
waiting-rooms,  on  the  level  of  the  exit  concourse,  and  are  accessible 
by  lobbies  from  the  sub-waiting-rooms,  and  directly  from  the  exit  con- 
course. The  men's  toilet  consists  of  a  free  room  containing  51  closets, 
71  urinals,  and  35  wash-basins,  and  a  pay  toilet  with  29  closets  and 
basins  in  separate  enclosures.  The  women's  toilet  is  similarly  arranged, 
and  contains  100  free  closets  and  33  wash-basins,  and  a  pay  toilet  of 
•14  compartments  having  toilets  and  lavatories.  The  interior  of  these 
rooms  is  finished  with  marble  floors  and  Carrara  glass  side-walls  and 
partitions  between  fixtures. 

All  piping  has  been  placed  in  galleries  or  compartments  behind  the 
fixtures,  and  all  pipes  are  exposed  for  inspection  and  repair.  This 
arrangement  is  somewhat  unusual  because  of  the  limited  vertical  height 
between  the  floors  of  the  waiting-rooms  and  the  clearance  over  the  track 
level,  requiring  that  the  fixtures  have  side  outlets. 

Water  supply  for  the  toilets  is  obtained  from  the  pumps  in  the 
Service  Plant;  the  flushing  water  is  the  waste  from  the  jackets  of  the 
compressors  and  refrigerating  plant.  More  than  51  miles  of  piping 
were  used  in  the  runs  to  the  various  plumbing  fixtures. 

The  toilet-rooms  which  have  their  waste  at  a  level  below  that  of 
the  city  sewers  in  the  adjoining  streets  and  avenues  required  a  special 
system  for  elevating  and  discharging  the  waste  to  the  level  of  the 
sewers.  The  ejectors  designed  for  this  purpose  use  air  at  a  pressure 
of  from  25  to  30  lb.  per  sq.  in.,  operating  automatically.  They  are 
located  at  twenty-two  central  points  in  niches  in  the  subways  under 
the  tracks.  Fourteen  of  the  ejectors  have  a  capacity  of  50  gal.  and 
eight  of  100  gal.  per  min.  Separate  lines  of  pipe  supply  air  from  the 
compressors  in  the  Service  Plant  to  storage  tanks  near  each  group  of 
ejectors;  at  these  points  reducing  valves  are  placed  to  give  the  30-lb. 
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pressure  required.  Pipes  frona  the  ejectors  are  run  through  the  sub- 
ways to  the  nearest  convenient  points  adjacent  to  columns  of  the 
building  and  viaducts,  up  which  they  are  run  to  the  street  connections; 
the  lift  is  generally  from  40  to  TO  ft. 

Cooled  Drinking  Water. — Pure  drinking  water  of  uniform  tempera- 
ture is  distributed  throughout  the  building  by  a  separate  system  of 
piping.  There  are  158  special  drinking  fountains  in  the  public  rooms, 
the  restaurant,  and  the  office  corridors.  Water  from  the  city  mains 
is  delivered  to  the  Service  Plant  in  31st  Street,  where  it  is  filtered, 
cooled  to  40°  Pahr.,  and  pumped  to  the  fountains.  In  the  public 
rooms  the  fountains  are  supplied  with  vending  machines  which  dis- 
pense paraffined-paper  drinking  cups  at  1  cent  each. 

Pipe  Gallery.- — In  connection  with  the  description  of  the  various 
piping  systems,  reference  has  been  made  to  the  difficulty  of  finding 
proper  space  for  the  pipes  and  heating  ducts  in  a  building  which  has 
no  cellar  or  basement;  many  of  these  pipes  are  of  large  size,  and 
should  be  located  where  they  can  be  inspected  from  time  to  time.  The 
problem  was  finally  solved  by  constructing  in  the  floor  truss  system, 
under  the  main  waiting-rooms  and  the  baggage-rooms,  a  pipe  gallery 
having  an  extent  of  about  2  acres.  This  sinice  is  T-shaped,  and  of  a 
height  varj'ing  from  5  to  7  ft. ;  it  is  intersected  by  numerous  trusses 
and  lattice  bracing,  but  is  sufficiently  open  to  permit  of  installing  a 
large  part  of  all  the  piping  needed  for  the  building  services  above,  as 
well  as  heating  ducts  for  the  public  rooms  above.  It  communicates 
directly  with  the  pipe  galleiy  under  31st  Street  leading  to  the  Service 
Plant.  Prom  this  gallerv'  a  number  of  the  vertical  pipe  shafts,  leading 
up  into  the  building,  are  reached,  so  that  the  main  runs  of  pipe  are 
everywhere  accessible.  All  steelwork  in  the  gallery  is  fire-proofed  by 
encasing  in  cement,  according  to  the  Regulations  of  the  City  Building 
Department. 

Fire  Protection. — The  fire  protection  of  the  building  is  described 
in  connection  with  the  general  system  under  the  heading,  "Station 
Yard." 

Watchmen's  Registers. — Watchmen  patrol  the  building  hourly,  and 
each  carries  a  time  register  consisting  of  a  "Newman"  portable  regis- 
tering clock.  He  is  required  to  record  the  time  at  stations  by  inserting 
in  the  clock  a  key  kept  in  a  special  box  at  each  station.  There  are 
key  boxes  at  thirty-eight  points  in  the  building,  and  they  are  placed 
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SO  as  to  require  tlie  watcliinnn  td  pass  tlirduyli  all  iinpdrtaiit  sections 
in  making  a  round. 

Jiestaurant. — 'Flic  (lining-  and  iuncli-i nis  t'acli  liave  a  serving-room 

attaelu'd,  with  a  kitchen,  store-ronnis.  ret'rigcrator-rooms,  ofBces,  and 
help  quarters  above.  All  these  are  thoroughly  appointed  with  most 
modern  apparatus  throughout.  The  seating  capacity  of  the  dining-room 
is  500  persons,  at  125  tables;  of  the  lunch-room,  40  tables,  or  160  per- 
sons, and  93  stools  at  the  counters. 

The  refrigerator  contract  called  for  liie  installation  of  forty  cold- 
storage  rooms,  the  largest  of  which  is  34  by  42  ft.,  containing  about 
12  000  cu.  ft.  The  insulation  is  of  compressed  sheet-cork  of  the  best 
grade;  the  inside  walls  are  of  Carrara  glass,  and  the  floors  are  of  tile. 
The  boxes  are  cooled  by  overhead  brine  pipes,  receiving  circulation 
from  the  refrigerating  machines  in  the  Service  Plant.  The  tempera- 
tures in  these  boxes  vaiy  from  8  to  38°  Fahr.,  according  to  the  purpose 
served. 

The  kitchen  contains  twelve  roasting  ovens,  three  charcoal  broilers, 
and  three  gas  broilers,  all  erected  under  a  hood  54  ft.  long.  The 
pastry-room  contains  a  gas  range  with  ten  ovens.  The  miscellaneous 
equipment  includes  electrical  apparatus  for  meat-chopper,  potato- 
parers,  knife-cleaners,  etc.,  and  the  service-rooms  have  electrically- 
operated  dish-washing  machines,  steam-tables,  etc.,  etc. 

Offices. — The  Eighth  Avenue  front  of  the  building,  and  eastward 
on  the  side  streets  to  the  concourse,  contains  the  office  section,  on  three 
floors.  The  first  floor  is  devoted  to  the  Depot  Master  and  train  staff, 
with  locker-rooms,  a  hospital,  a  police  department,  and  funeral-rooms. 
The  second  floor  contains  the  offices  of  the  Division  Superintendent  and 
staff;  the  third  floor  contains  the  General  Offices  of  the  Long  Island 
Kailroad,  and  of  the  President  and  staff.  On  the  Seventh  Avenue  side 
there  are  two  floors  of  offices,  at  present  not  fully  assigned. 

Employees'  Conveniences. — In  addition  to  the  above,  the  fourth 
floor,  on  Eighth  Avenue  and  Thirty-first  Street,  has  been  fitted  up  for 
the  housing  and  recreation  of  employees.  The  Thirty-first  Street  side 
contains  sleeping-rooms,  toilet  and  bathing  facilities;  the  present 
capacity  is  175  beds.  The  entire  Eighth  Avenue  front  has  been  fitted 
up  for  a  Young  Men's  Christian  Association,  with  an  assembly  hall, 
lecture-rooms,   library  and   reading-room,   billiard-room,   bowling-alley. 
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and  gymnasium;  there  is  also  a  large  lavatory  with  shower-baths,  and 
a  lockei'-room.     All  the  above  have  been  completely  furnished. 

Various  small  buildings,  listed  elsewhere,  have  been  provided  at 
the  track  level,  under  the  Station  and  in  the  yard,  for  toilets,  locker- 
and  waiting-rooms,  for  employees  on  and  off  duty,  or  awaiting  trains. 

Post  Office  Building. 

The  change  in  destination  of  all  through  trains  of  the  Pennsylvania 
system  from  the  Jersey  City  to  the  up-town  New  York  terminal 
required  a  revision  in  existing  facilities  for  handling  mails,  of  which 
about  260  tons  are  cared  for  daily.  Anticipating  the  growing  import- 
ance of  an  up-town  central  distributing  Post  Office,  the  United  States 
Government  purchased  from  the  Railroad  Company  a  plot  of  about 
400  by  400  ft.,  immediately  west  of  Eighth  Avenue,  comprising  a  por- 
tion of  the  Station  yard,  as  a  site  for  a  suitable  building.  In  the  deed, 
the  Railroad  Company  reserved  the  right  of  easement  for  their  uses 
of  all  space  below  a  plane  substantially  20  feet  above  the  yard  track 
level.  In  conveying  the  property  to  the  Government,  certain  necessary 
agreements  were  entered  into  regarding  the  character  of  the  building, 
the  location  of  the  supporting  columns  and  foundations,  and  provision 
for  open  spaces  around  the  building  to  admit  of  light  to  the  tracks 
underneath.  Pursuant  to  this  deed,  the  Government  has  planned  and 
is  erecting  an  "extensive  and  monumental  building,  and,  while  the  Rail- 
road Company  is  not  responsible  for  the  design  of  the  building  proper, 
the  necessities  of  the  yard  construction  work  required  that  the  foun- 
dations should  be  put  in  prior  to  the  time  when  the  building  contracts 
were  ready  to  be  let,  and  simultaneously  with  the  great  variety  of  sub- 
structure work  in  the  yard.  It  was  arranged,  therefore,  that  the  Rail- 
road Company,  in  conference  with  the  Architects  of  the  building, 
should  plan  and  construct  these  foundations  for  the  Government. 

Design. — The  following  description  of  the  architectural  motif  of 
this  fine  building  has  been  furnished  by  Messrs.  McKim,  Mead  and 
White,  the  Architects,  and  will  be  of  interest  in  connection  with  the 
history  of  the  general  terminal  facilities. 

"The  architects  have  endeavored,  while  keeping  in  mind  the  prac- 
tical uses  of  the  building,  to  give  it  the  monumental  character  which 
a  Government  building  of  such  importance  should  possess.  In  gen- 
eral, it  may  be  said  that  as  any  building  of  modern  height  in  New 
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York  is  likely  to  be  of  an  inferior  height  tu  those  eventually  around 
it,  the  chance  to  compete  with  them  will  depend  largely  upon  the 
great  scale  and  unity  of  its  design.  For  this  reason  the  exterior  was 
planned  with  as  few  breaks  as  possible-  in  its  fagades,  and  a  columnar 
motif  running  through  two  stories  was  adopted. 

"In  determining  the  character  of  the  building,  due  consideration 
was  given  to  the  proximity  of  the  Pennsylvania  Station,  and,  in  order 
that  it  might  be  in  harmony  with  that  building,  the  style  adopted  was 
Roman,  and  at  the  same  time  it  was  considered  that  the  building 
must  have  a  quality  of  its  own  which  would  associate  it  distinctly  with 
the  Governmental  class  of  building.  Rarely  has  so  favorable  an  oppor- 
tunity been  pi'esented  for  producing,  on  a  scale  commensurate  with  the 
Fora  of  Rome,  such  a  development  of  colonnaded  and  pilastered 
facades  complementary  to  each  other  and  lending  themselves  to  that 
unity  of  scale  and  style  productive  of  the  greatest  effect. 

"As  a  matter  of  composition,  the  Railroad  Station  having  three 
pavilions,  a  building  opposite  to  it,  and  shorter,  with  the  same  number 
of  pavilions,  would  be  an  impossibility,  and  therefore  the  design  was 
studied  with  the  view  to  avoid  a  conflict  of  central  motives;  and  for 
this,  among  other  reasons,  the  design  of  the  Eighth  Avenue  fagade 
of  the  Post  Office  shows  two  pavilions  joined  by  an  unbroken  row 
of  columns  of  the  same  diameter  as  those  of  the  Station,  an  arrange- 
ment which  brings  the  two  buildings  into  proper  relation,  produces 
the  greatest  possible  effect  in  the  given  space,  and  which  is,  moreover, 
an  expression  of  its  plan. 

"The  principal  approach  to  the  building  on  the  Eighth  Avenue 
front  is  by  granite  steps  the  entire  length  of  the  colonnade,  and  sub- 
ordinate approaches  are  also  arranged  for  by  means  of  granite  steps 
giving  access  to  the  north  and  south  fronts  of  the  corner  pavilions. 

"The  fagades  on  the  streets  are  continiious  and  of  the  same  general 
motif  as  the  Eighth  Avenue  front,  pilasters  being  used  instead  of 
columns.  The  street  fagades  are  also  terminated  in  pavilions  at  the 
westerly  ends.  The  architectural  style  selected  is  Roman-Corinthian, 
that  of  the  Station  being  Roman-Doric.  The  exterior  material  is 
granite. 

"On  the  ground  floor  of  the  building  the  space  allotted  to  the  public 
is  in  the  form  of  a  wide  corridor  extending  back  of  and  on  a  line  with 
the  colonnade  above  referred  to,  back  of  which  corridor  is  the  general 
working  space  for  distribution,  handling  of  mails,  etc.,  and  on  the 
westerly  front  of  the  building  is  a  private  driveway,  connecting  31st 
and  33d  Streets,  by  which  access  to  the  building  is  given  to  mail 
wagons  and  other  city  deliveries. 

"Directly  over  the  corridor  on  the  Eighth  Avenue  front  on  the 
second-floor  level,  and  in  the  center  of  the  fagade,  is  located  the  Post- 
master's suite  of  rooms,  and  on  either  side  and  extending  somewhat 
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back  on  the  north  and  south  fronts  are  located  the  rooms  of  his 
principal  assistants. 

"A  mezzanine  floor,  between  the  first  and  second  floors,  and  which 
is  wholly  back  of  the  public  corridor  above  referred  to,  is  assigned 
chiefly  to  swing-rooms,  locker-rooms,  toilet  facilities  in  connection 
with  both  of  above,  and  for  record-  and  document-rooms. 

"The  Eighth  Avenue  front  of  the  third  story  of  the  building  is 
assigned  to  the  use  of  the  Executive  Staff  of  the  Railway  Mail  Service; 
other  parts  of  the  second,  third,  and  attic  stories  of  the  building  are 
assigned  generally  to  the  working  force  of  the  various  Departments. 

"The  westerly  and  southerly  portions  of  the  basement  of  the  build- 
ing are  assigned  to  the  working  force  of  the  Railway  Mail  Service, 
and  direct  communication  between  this  service  and  the  Railroad  Com- 
pany's tracks  and  platforms,  and  between  this  service  and  the  work- 
ing space  for  mails  on  the  floor  above,  is  had  by  means  of  mail  con- 
veyors, elevators,  chutes,  and  other  mechanical  installations.  Other 
portions  of  the  basement  are  assigned  to  newspaper  and  parcel  dis- 
tribution, mail  sack  storage  and  repairs,  cashier's  stock,  etc." 

The  work  for  which  the  Railroad  Company  is  responsible  in  con- 
nection with  the  Post  Office,  is  the  location  of  the  building  columns 
in  relation  to  the  tracks  and  platforms,  the  planning  and  constructing 
of  the  roofs  for  the  light  areas  between  the  building  and  the  street 
viaducts,  and  the  provision  for  handling  mail  between  the  delivery 
floors  in  the  building  and  the  cars  beneath. 

Building  Columns. — The  columns  have  been  laid  out  on  substan- 
tially the  same  plan  and  spacing  as  adopted  for  the  supports  of  the 
Station,  for  a  building  of  approximately  the  same  general  height  and 
loading.  There  are  200  columns  in  the  platforms  and  between  the 
tracks.  The  foundations  for  these  columns  are  of  concrete,  to  the 
level  of  the  capstones  or  grillage,  constructed  by  the  Railroad  Com- 
pany as  a  part  of  its  substructure  work. 

Connecting  Roofs. — The  connecting  roofs  consist  of  a  permanent 
vault-light  covering  for  the  areas  between  three  sides  of  the  building 
and  the  adjoining  street  viaducts.  The  construction  takes  the  form  of 
a  generally  flat  roof  of  I-beams  carrying  glass  vault  lights  set  in  con- 
crete. They  are  of  the  usual  sidewalk-light  type,  and  give  about  40% 
of  the  total  for  glass  area.  The  roofs  are  set  at  an  elevation  of  about 
6  ft.  below  the  sidewalk  level,  and  are  designed  to  sustain  a  load  of 
100  lb.  per  sq.  ft.  The  roofs  have  sufficient  slope  to  drain  to  points 
.50  ft.  apart,  from  which  the  drainage  is  piped  to  the  yard  system. 
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Mail-Handling  Methods. — At  present  about  40%  of  the  entire 
amount  of  mail  originating  in  New  York  for  outside  points  is  received 
and  dispatched  by  the  Pennsylvania  Railroad.  On  the  heaviest  days 
from  220  to  260  tons  are  carried  in  from  12  000  to  16  000  pouches,  each 
weighing  about  200  lb.  The  great  bulk  of  this  mail,  about  80%,  has 
Ihh'u  heretofore  delivered  at  Jersey  City  by  wagons  directly  into  postal 
or  mail  storage  cars  on  side-tracks  adjoining  the  station  and  convenient 
for  the  teaming  yard;  these  cars  frequently  lie  on  the  tracks  several 
hours  while  loading  and  unloading. 

Practically  all  this  mail,  in  addition  to  that  from  the  Long  Island 
Raih-oad,  and,  at  a  later  date,  possibly,  from  the  ISTew  Haven  Road, 
must  be  pro\'-ided  for  at  the  new  Station,  under  physical  conditions 
radically  different  from  those  existing  at  Jersey  City.  The  new  Post 
Office  Building  being  over  the  railroad  yard,  it  is  obvious  that  un- 
limited track  space  for  standing  mail  cars,  or  platform  space  for  load- 
ing mail  into  the  cars,  cannot  be  provided;  in  fact,  the  value  of  each 
foot  of  space  in  the  yard  is  so  great  that  provision  must  be  made  to 
handle  the  mail  in  the  most  expeditious  manner,  and  on  very  limited 
track  room. 

The  track  space  assigneed  especially  for  standing  mail  cars  is 
centrally  located  in  the  yard,  partly  under  and  partly  west  of  the 
Post  Office  Building,  and  consists  of  six  tracks,  adjoining  four  of  the 
central  platforms,  having  a  total  maximum  storage  capacity  of  twenty- 
six  postal  cars.  Numerous  plans  were  considered  by  the  Joint  Com- 
mittees (if  ]*(istal  and  Railway  officials  for  tlie  utilization  of  tlie  avail- 
able track  and  platform  space,  in  order  to  load  and  unload  the  cars 
in  the  shortest  possible  time  and  with  least  manvial  effort,  and  it  was 
thought  essential  to  develop  a  complete  system  of  mail-handling  ma- 
chinery, consisting  of  chutes  and  horizontal  conveyors  for  outgoing 
mail,  and  horizontal  conveyors  and  bucket  lifts  for  incoming  mail, 
together  with  vertical  lifts  for  mail  on  trucks.  This  system  is  designed 
to  reach,  not  only  the  Post  Office  Building,  but,  through  the  trucking 
subways  under  the  tracks,  any  part  of  the  main  Station  Building,  and 
provides  for  the  mechanical  handling  of  all  bulk  mail  for  railway 
post  office  or  storage  cars,  and  the  convenient  trucking  and  elevating 
of  sacks  to  and  from  combination  cars  standing  at  any  station  plat- 
form.    In  general,  the  system  may  be  described  as  follows: 
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Incoming  Mail. — Mail  in  less  than  car-load  lots,  or  in  combination 
cars,  will  be  unloaded  as  the  train  stands  in  the  Station,  on  trucks, 
and  conveyed  to  the  Post  Office  either  along  the  platforms  or,  by  utiliz- 
ing tlie  nearest  baggage  lift,  descending  to  the  trucking  subway  under 
the  tracks,  and  thence  to  the  Post  Office  lifts.  In  the  case  of  car-load 
lots  and  bulk  mail,  the  cars  will  be  switched  to  the  tracks  adjoining 
platform  No.  4,  where  the  mail  will  be  unloaded  manually  and  dumped 
into  hoppers  on  the  platform.  From  these  hoppers  the  mail  pouches 
will  be  pushed  automatically  by  compressed-air  rams  on  a  belt  con- 
veyor located  under  the  platforms;  this  belt  will  convey  the  bags  to  a 
point  where  a  tilting  tray  operates  to  transfer  them  automatically  to 
a  vertical  bucket  lift,  which  will  elevate  them  into  the  Post  Office 
mezzanine  floor,  from  which  they  will  be  delivered  through  spiral 
chutes,  and,  at  the  option  of  the  employees,  either  to  the  receiving 
mail  platform  on  the  first  floor  or  to  the  basement  of  the  building. 

The  compressed-air  rams,  for  charging  the  pouches  from  the 
chutes  to  the  belt  conveyors,  consist  of  a  pair  of  tandem  cylinders  and 
pistons  of  different  diameters  fastened  to  one  piston  rod,  for  the  pur- 
pose of  getting  a  differential  effect;  reciprocating  action  is  secured 
by  different  pressures  obtained  through  two  lines  of  piping,  one  sup- 
plying and  maintaining  a  constant  pressure  between  the  two  pistons 
and  the  other  supplying  a  variable  pressure  applied  to  the  outer  end 
of  the  larger  piston.  The  necessary  timing  effect  is  secured  by  a  group 
of  ram-operating  valves  with  cams  driven  mechanically  by  a  shaft 
from  the  bucket-lift  mechanism.  Thus  the  ram  pushers  will  deliver 
the  pouches  to  the  belt  at  the  proper  intervals  to  be  taken  by  the 
lift  buckets  when  unloaded  there.  Co-ordination  between  the  move- 
ment of  the  rams,  the  loading  trays,  the  conveyors,  and  the  lifts,  is 
further  secured  by  centering  the  motive  power  in  one  electric  motor. 

Outgoing  Mail. — Mail  in  less  than  car-load  lots  will  be  handled 
directly  into  the  cars  by  manual  unloading  from  automobile  trucks; 
these  may  reach  the  cars  through  the  trucking  subway  and  baggage 
lifts,  or  along  the  platforms  from  the  Post  Office  lifts.  Bulk  and  car- 
load mail,  however,  will  be  delivered  into  the  cars  automatically  from 
the  Post  Office  floors,  as  follows :  The  four  central  platforms,  before  re- 
ferred to,  adjoining  the  six  car-storage  tracks,  are  provided  overhead 
with  horizontal  belt  conveyors;  these  conveyors  are  placed  in  housings 
attached  to  the  framework  of  the  building,  and  west  of  it,  in  special 
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Fig.    1. — M.ml-Handi.ixg    M..\chinkry   Under   Post   Office. 


Fig.   2. — Service   Plant   Building. 
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structures  carried  by  columns  set  in  the  platforms.  The  conveyor 
belts  are  driven  by  electric  motors  at  a  speed  of  about  100  ft.  per 
min.,  and  included  in  their  paths  are  self-propelled  carriages  operating 
as  "trippers"  and  running  on  tracks  in  the  housings.  These  car- 
riages may  be  run  automatically  to  any  desired  position  opposite  the 
mail-car  doors  and  operate  to  trip  the  mail  pouch  into  a  spout  attached 
to  the  carriage  and  thence  into  the  car  door. 

Mail  from  the  vporking  floor  of  the  building  is  delivered  to  the 
belt  conveyors  through  spiral  chutes,  single,  double,  triple  or  quad- 
ruple, as  occasion  requires,  for  simultaneous  delivery  from  the  various 
building  floors  and  to  either  of  the  two  conveyors  east  and  west  on 
each  platform.  Fig.  1,  Plate  LXXVII,  is  a  view  of  the  mail-handling 
machinery  under  the  Post  Office. 

In  addition  to  the  conveyor  system  as  described,  there  are  four 
hydraulic  lifts,  of  the  plunger  type,  affording  trucking  communication 
between  the  building,  the  platforms,  and  the  subways. 

All  the  foregoing  mail-handling  facilities  were  provided  by  and 
will  bo  operated  by  the  Railroad  Company.  The  special  conveyor 
machinery  was  designed  by  Messrs.  Marks  and  Woodwell,  Consulting 
Engineers  for  the  Architects  of  the  Post  Office,  and  was  installed  by 
the  Lamson  Belt  Conveyor  Company.  The  work  was  administered 
and  co-ordinated  in  the  usual  manner  through  the  office  of  the  Chief 
Engineer  of  the  Railroad  Company. 

Express  Building. 

The  terminal  operation  does  not  at  the  present  time  include  facili- 
ties for  the  handling  of  express  freight  matter;  this  class  of  business, 
for  the  time  being,  at  least,  will  be  cared  for  at  the  Jersey  City 
Station  of  the  Pennsylvania  Railroad,  and  at  Long  Island  City  for  the 
Long  Island  Railroad,  as  heretofore.  To  provide  for  the  possible 
future  handling  of  Express  Company's  freight  at  the  new  terminal,  a 
location  was  set  aside  for  an  Express  Building  at  the  west  side  of 
Ninth  Avenue,  adjoining  31st  Street.  The  area  required  by  the  build- 
ing was  excavated  as  part  of  the  terminal  yard,  and,  pending  the 
erection  of  the  building,  will  be  used  for  a  general  storage  yard.  The 
area  will  admit  of  a  building  130  by  180  ft.,  and  the  yard  space  under 
it  will  provide  for  one  wide  loading  platform  with  a  track  at  each 
side,  accommodating  a  total  of  12  express  cars,  with  two  additional 
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platforms  in  the  yard  between  Eighth  and  Ninth  Avenues,  accommo- 
dating- 24  cars.  The  total  storage  and  loading  capacity  of  the  express 
yard  tracks  is  55  cars. 

The  express  platforms  will  be  reached  from  the  building  by 
hydraulic  lifts,  communicating  with  the  main  platform  under  it,  and 
thence  to  the  trucking  subway  system  under  the  tracks  and  up  to  the 
other  two  platforms,  and  if  desired,  continuing  through  the  subway 
to  the  main  Station  Building. 

Service  Power  Plant. 

Aside  from  the  traction  requirements,  there  are  numerous  and 
important  uses  of  power  in  various  forms  in  a  large  Station,  namely: 

(a)  Heating  and  lighting  the  Station  and  other  buildings; 

(b)  Steam,  compressed  air,  and  water  supply  for  cars; 

(c)  Air  supply  for  the  signal  system,  for  tunnel  drainage  pump- 
ing, and  for  sewage  ejectors; 

(d)  Water  supply  for  various  purposes  in  the  buildings,  and  for 
fire  protection ; 

(e)  Hydraulic  power  for  elevators  and  lifts; 

(f)  Refrigeration  for  cold  boxes  in  kitchens  and  restaurants,  and 
for  drinking  water; 

(g)  Electric  power  for  lighting  buildings,  tunnels,  and  yards; 
stationary  motors  for  elevators,  heating  and  ventilating  fans 
in  building  and  tunnels;  motors  for  pumping  in  yard  and 
tunnels ;  power  for  car  battery  charging,  operation  of  tele- 
phones, clock   system,  and   other  minor  uses; 

(h)  Traction  power  for  moving  trains. 

Building. — The  proper  housing  of  all  these  important  facilities 
required  a  large  amount  of  space.  The  character  and  location  of  the 
Station  precluded  their  installation  in  that  building,  and  no  central 
space  for  a  special  building  was  available  in  the  yard  without  sacrifice 
of  valuable  track  room.  Fortunately,  a  convenient  location  was  available 
on  relatively  cheap  property  of  the  Company  on  the  south  side  of  31st 
Street,  about  midway  between  Eighth  and  Seventh  Avenues,  and 
directly  accessible,  under  31st  Street,  from  the  Station  and  yard.  The 
building  erected  on  the  plot  has  a  frontage  of  160  ft.,  a  depth  of  95 
ft.  ana  a  height  of  86  ft.  above  the  curb,  with  a  depth  of  49  ft.  below. 
The  building  (Fig.  2,  Plate  LXXVII)  was  designed  of  a  height  and 
character  to  harmonize  with  the  Station  Building,  with  an  endeavor 
to  maintain  the  standards  of  the  Station  in   all   Company  construe- 


PLATE  LXXVIII. 

PAPERS,  AM.  SOC.  C.  E. 

MAY,  1911. 

GIBBS  ON 

PENN.  R.  R.  TUNNELS:    STATION,  TRACK,  YARDS.  ETC. 


Fic.   1. — Main  Atr  Compressors  in  Service  Plant. 


Fig.   2. — Steam   Tirbo-Ge.nerators  in  Service   Plant. 


Piipors.J        I'KNN.   1{.    R.   tunnels:   STATION,   TRACK,    YARDS,   ETC.       695 

tions.  The  fagade  was  designed  by  Messrs.  McKim,  Mead  and  Wliite, 
and  is  of  Stony  Creek  pink  granite,  similar  in  effect  to  that  used  for 
the  Station  exterior.  The  buikling  construction  is  fire-proof  through- 
nut,  having  steel  framing,  masonry  walls,  and  concrete  floors  aud  roof. 
The  machinery  on  the  various  floors,  and  the  coal  storage  and  stacks 
required  very  heavy  framing,  2  500  tons  of  steel  having  been  used  in 
the  structure.  The  general  plan,  as  shown  by  the  drawings  (see 
Fig.  7),  divides  the  building  by  a  fire-wall  vertically  into  two  main 
parts,  the  west  half  being  devoted  to  the  machinery  and  boiler  plant, 
and  the  east  to  the  traction  sub-station,  offices,  and  store-rooms. 

The  basement,  which  is  nt  the  level  of  the  sub-grade  below  the 
tracks,  contains  the  foundations  for  machinery,  the  engine  piping, 
garbage  destructor,  cable-splicing  chambers,  and  the  main  entrance  to 
the  pipe  and  trucking  subways  under  the  yard.  The  engine-room  on 
the  floor  above  (see  Fig.  8)  contains  the  lighting  generators,  the  air 
compressors,  the  hydraulic  power  pumps,  refrigerating  engines  and 
apparatus,  and  the  heaters  and  circulating  pumps  for  the  Station. 
The  third  floor  contains  the  fire  and  boiler  pumps,  water-storage  tanks, 
and  a  pipe  gallery  to  the  Station  Building.  The  next,  or'  street  floor, 
contains  the  boiler-room,  above  which  are  floors  for  coal  storage,  fan- 
and  economizer-rooms.  A  brick  stack  terminates  above  the  roof.  Plate 
LXXVm  shows  the  main  air  compressors  and  the  steam  turbo-gen- 
erator units. 

The  east  half  of  the  building  (see  Plate  LXXIX)  contains  the 
traction  sub-station,  and  has  three  floors  below  the  street,  for  the  cable 
inlets,  bus-bar  structures,  and  switching  apparatus,  and  a  main  street- 
level  floor  for  the  rotary  and  switch-board  room  (see  Fig.  1,  Plate 
LXXX).  Two  store-room  floors  are  above  this,  and  the  top  floor  is 
fitted  up  for  offices  to  be  used  by  a  portion  of  the  operating  staff. 

Boilers. — Space  has  been  provided  for  ten  525-h.p.  water-tube 
boilers  arranged  in  two  rows  of  five.  Each  row  is  provided  with  an 
independent  draft  system,  smoke-flue,  economizers,  and  stack.  The 
initial  installation  consists  of  five  of  these  boilers  on  the  east  side  of 
the  room;  this  equipment  is  sufficient  to  provide  for  the  heating  load 
of  the  buildings  erected  up  to  the  present  time,  and  of  the  yard,  on 
the  basis  of  an  estimated  load  of  2  500  b.h.p.  in  the  coldest  day  of 
the  winter.  When  the  proposed  express  and  other  buildings  around 
the  yard  are  erected,  additional  boilers  will  be  installed  as  required. 
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The  boilers  are  arranged  with  shaking  grates,  for  hand-firing  with 
small  sizes  of  anthracite  coal.  Draft  is  produced  by  a  short  stack 
supplemented  with  forced  draft  under  the  grates,  furnished  by  fans 
of  the  Sirocco  type,  with  70-in.  wheels,  direct-connected  to  steam 
engines.  The  stack  is  of  brick  from  its  base  at  the  roof  of  the  building, 
and  is  carried  on  steel  framing  from  the  basement.  It  has  an  inside 
diameter  of  11  ft.,  and  is  at  present  50  ft.  in  height  above  the  roof,  or 
127  ft.  above  the  grates.  If  tall  buildings  at  some  future  time  adjoin 
the  power-plant,  the  supports  will  admit  of  carrying  the  stack  150  ft. 
above  the  roof. 

The  ashes  from  the  boilers  are  dumped  into  concrete-lined  hoppers, 
arranged  with  the  necessary  gates  to  discharge  into  hopper  cars  which 
are  moved  on  tracks  to  an  ash-storage  bunker  of  80  tons  capacity 
under  the  31st  Street  sidewalk.  From  this  bunker  the  ashes  are  carried 
by  a  belt-driven  conveyor  to  railway  cars  standing  on  the  southernmost 
track  of  the  terminal.  The  conveyor  is  arranged  so  that  it  may  be 
extended  over  the  car  when  in  use. 

Coal  is  delivered  by  car  to  the  track  in  front  of  the  Service  Plant, 
is  dropped  into  a  hopper  under  the  track,  and  elevated  by  a  belt  con- 
veyor discharging  into  feeding  hoppers  in  the  basement;  from  these 
it  is  hoisted  in  skips  and  discharged  into  the  coal  bunker  by  belts. 
This  bunker  is  above  the  boilers,  and  has  a  storage  capacity  of  1  000 
tons,  or  about  one  week's  supply. 

Two  economizers,  each  of  1 050  tubes  capacity,  are  provided  for 
each  row  of  five  boilers,  and  located  above  the  boiler-room.  The  boiler 
feed-pumps  are  of  the  compound  duplex  type,  each  pump  having  suffi- 
cient capacity  to  take  care  of  the  entire  load  under  maximum  con- 
ditions. 

Water  Supply. — Water  for  all  purposes  in  the  Service  Plant,  Sta- 
tion, and  yard,  is  obtained  from  two  private  12-in.  mains  in  31st  Street, 
connected  to  independent  city  mains  at  Seventh  and  Ninth  Avenues, 
respectively.  The  water  is  metered  at  the  building  and  distributed 
through  piping  systems,  as  later  indicated.  As  an  emergency  supply  in 
case  of  a  complete  shut  down  of  the  city  mains  for  a  considerable 
period,  two  storage  tanks,  having  a  combined  capacity  of  75  000  gal., 
have  been  installed.     The  water  system  provides  for: 

(1)  Boiler  feed; 

(2)  Fire  protection; 
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(3)  Fresh   water   for   the   general    services    in    connection   with 

kitcliens  and  restaurant,  and  lor  hivatory  purposes; 

(4)  Water  for  cooling  air-compressor  jackets;  inter-coolers  and 

after-coolers  for  the  ammonia  condensers,  which  is  after- 
ward used  for  flushing  toilets; 

(5)  Water  for  general  yard  purposes,  such  as  car  cleaning. 
Water  for  all  purposes  is  drawn  from  the  mains  and  storage  tanks 

by  the  pumps,  listed  under  the  plant  apparatus.  There  are  two  fire 
pumps,  of  the  "Underwriters'  "  pattern,  and  they  are  kept  constantly 
under  steam,  working  slowly  through  regulators  set  to  maintain  a 
constant  pressure  of  90  lb.  per  sq.  in.,  and  drawn  from  to  a  limited 
extent  for  yard  purposes.  They  are  cross-connected  to  work  singly 
or  in  battery. 

For  house-service  purposes  there  are  four  duplex  plunger,  steam- 
driven  pumps,  having  a  capacity  of  300  gal.  per  min.  Two  of  these 
pumps  (one  being  in  reserve)  are  used  for  flushing-water  for  the  toilet 
fixtures  in  the  Station,  and  obtain  their  supply  from  the  cooling  water 
of  the  refrigerating  plant  and  air  compressors,  which  deliver  into  a 
5  000-gal.  storage  tank  on  the  roof  of  the  Service  Plant.  Two  pumps 
(one  being  in  reserve)  are  used  for  pumping  fresh  water  into  a  second 
5  000-gal.  storage  tank  on  the  roof,  and  furnish  fresh  water  for  various 
purposes  in  the  Station,  for  which  the  cooling  water  used  for  flushing 
would  not  be  suitable,  such  as  for  kitchen  and  restaurant  purposes. 
These  latter  pumps  deliver  into  two  1  500-gal.  tanks  on  the  roof  of  the 
Station  Building  over  the  kitchens. 

For  operating  the  hydraulic  elevators  and  lifts  in  the  Station  and 
Post  Office  Buildings,  three  pumps  have  been  provided;  one  1  500-gal. 
high-duty,  crank-and-fly-wheel  pump,  one  1  500-gal.  compound,  duplex, 
direct-acting,  and  one  500-gal.  compound,  duplex,  direct-acting.  These 
pumps  are  shown  on  Fig.  2,  Plate  LXXX.  These  sizes  were  selected 
after  a  study  of  the  operating  conditions  during  the  busy-hour  sched- 
ule, the  maximum  estimated  quantity  of  water  required  at  such  time 
being  2  000  gal.  per  min.  This  requirement  is  met  by  operating  one 
of  the  large  pumps  and  the  small  one.  During  the  winter,  when 
exhaust  steam  is  needed  for  heating,  the  direct-acting  pump  will  gen- 
erally be  used,  the  high-duty  pump  being  used  when  the  demand  for 
exhaust  steam  is  light.  These  pumps  operate  at  a  steam  pressure  of 
].")0  lb.,  against  a  back-pressure  of  2  lb.  from  the  exhaust,  and  furnish 
water  at  300  lb.  gauge  pressure  with  a  back-water  pressure  of  40  lb. 
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The  heating  system  for  the  Station  Building,  elsewhere  described, 
requires  heaters  for  the  water,  and  pumps  for  circulating  the  hot 
water.  There  are  three  heaters  in  the  Service  Plant.  They  are  steel 
drums,  i-in.  thick,  5  ft.  7  in.  in  diameter  and  23  ft.  long.  Each  con- 
tains 557  2-in.  wrought-iron  tubes,  giving  5  830  sq.  ft.  of  heating  sur- 
face. Steam  passes  through  these  tubes,  and  the  witer  circulates 
around  them,  with  suitable  baffle-plates  to  secure  the  maximum  effi- 
ciency of  the  heating  surface.  Each  heater  is  piped  to  a  water- 
circulating  pump  of  the  centrifugal  type,  direct-driven  by  50-h.p. 
induction  motors. 

Air  Compressors. — Compressed  air  is  required  for  operating 
switches  and  signals,  brake-testing  in  the  yard,  pumping  in  the  tun- 
nels, and  for  the  sewage  ejectors  and  the  air  cleaning  machines.  These 
various  services  were  estimated  to  require  a  rated  compressor  capacity 
of  1  900  cu.  ft.  of  free  air  per  min.  As  exhaust  steam  is  required  for 
a  large  part  of  the  year  for  the  Station  heating,  it  was  found  more 
economical  to  install  steam-  than  motor-driven  compressors.  There- 
fore, two  were  provided,  each  capable  of  supplying  the  maximum  total 
service  demands.  The  machines  are  of  the  cross-compound,  two-stage, 
Nordberg-Corliss-valve  type,  each  having  a  capacity  of  2  000  cu.  ft.  of 
free  air  per  min.,  and  compressing  to  90  lb.  per  sq.  in.  The  com- 
pressed air  is  passed  through  an  atmospheric  after-cooler,  located  on 
the  roof  of  the  building.  In  order,  however,  to  provide  for  the  higher 
pressure  required  for  testing  air  brakes  on  cars,  there  is  a  separate 
compressor  plant  consisting  of  two  two-stage,  tandem-cylinder  ma- 
chines, each  having  a  capacity  of  100  cu.  ft.,  and  driven  through  link 
belts  by  30-h.p.  induction  motors.  These  compressors  deliver  air  at  a 
pressure  of  125  lb.  per  sq.  in.  to  a  separate  piping  system  in  the  yard. 

Refrigerating  Plant. — Refrigeration  is  required  for  the  cold  boxes 
in  the  kitchen  and  dining-room  department  of  the  Station,  and  for 
cooling  drinking  water  for  fountains  in  various  public  rooms  and 
corridors.  The  maximum  reqiiirements  for  all  these  purposes  is  equiva- 
lent to  the  melting  of  56  tons  of  ice  per  day  during  the  summer,  or 
an  average  of  40  tons  throughout  the  year. 

Much  consideration  was  given  to  the  question  of  the  most  con- 
venient and  economical  means  of  providing  the  required  refrigeration 
for  all  terminal  railroad  purposes.  The  cooling  of  stationary  boxes 
by  ice  would  require  the  regular  delivery  of  large  quantities  of  ice  to 
a  great  number  of  separate  places,  at  considerable  inconvenience,  and 
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Fig.  1. — Switch-Board  Room  in  Sub-Station,  31st  Street  Service 
Power   Plant. 


Fig.   2. — Hydraumc   Ei>evator   Pumps   in    Service    Plant. 
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it  was  calculated  that  a  refrigerating  plant  would  furnish  the  require- 
ments at  a  lower  cost,  when  installed  in  the  Service  Plant,  together 
with  the  other  facilities  of  that  building.  Ice,  however,  must  be  sup- 
plied in  limited  quantities  for  the  cars  and  for  drinking-water  in  the 
restaurant.  For  these  latter  purposes  it  was  thought  best  to  bring 
ice  in  cars  through  the  tunnels,  and  deliver  directly  from  the  car 
in  the  yard,  or  from  an  ice-storage  room  provided  in  the  Service  Plant. 

For  the  general  refrigeration,  however,  a  complete  plant  was  in- 
stalled, consisting  of  two  units  each  of  40  tons  capacity,  one  unit 
being  generally  available  as  spare.  These  circulate  cooled  brine 
through  a  piping  system  to  the  Station  Building.  The  temperatures 
required  in  the  cooling  boxes  throughout  the  building  vary  from  a 
minimum  of  10°  Fahr.  in  the  ice-cream  box,  to  28°  Fahr.  in  the  meat 
boxes,  in  order  that  the  outgoing  brine  from  the  refrigerating  system 
would  leave  the,  cooler  at  a  temperature  as  low  as  15  degrees.  Two 
brine-circulating  pumps  have  been  installed,  each  being  sufficient  to 
circulate  the  required  brine.  In  order  to  utilize  the  available  floor 
space,  vertical  compressors  were  adopted,  direct-driven  by  horizontal 
engines.  They  are  single-acting,  compression  being  accomplished  dur- 
ing the  upward  stroke,  and  thus  bringing  only  low  evaporating 
ammonia  pressure  on  the  piston  rod  and  piston  packing,  and  minimiz- 
ing the  ammonia  leakage.  Each  compressor  is  rated  at  40  tons  capac- 
ity on  the  basis  of  185  lb.  gauge,  and  an  evaporating  ammonia  pres- 
sure of  15.67  lb.  gauge.  The  engines  have  Corliss  gear,  operate  at 
76  rev.  per  min.,  and  have  a  capacity  of  70  i.h.p.  The  condensers  are 
common  to  both  the  compressors,  and  are  of  about  50  tons  capacity, 
with  room  to  extend  them  later  if  found  necessary.  They  are  sub- 
divided into  sections,  12  pipes  high,  and  are  controlled  by  valves,  to 
allow  of  convenient  cleaning  and  repairs  without  interruption  to  the 
service.  The  interior  arrangement  consists  of  a  horizontal,  double- 
pipe  system,  made  up  of  2-in.  outer  pipes,  carrying  ammonia  gas,  and 
1^-in.  inner  pipes,  carrying  cooling  water.  The  pipes  are  20  ft.  long, 
and  their  ends  are  joined  by  return  bends  and  arranged  for  counter- 
current  circulation  of  ammonia  gas  and  water.  The  brine  cooler  con- 
sists of  a  nest  of  double  piping  similar  in  arrangement  to  the  con- 
denser. The  outer  pipes,  which  are  3  in.  in  diameter,  contain  the 
ammonia  gas,  and  the  2-in.  inner  pipes,  the  brine  circulation. 

DrinTcing  Water. — The  apparatus  comprising  the  drinking-water 
system  is  in  the  Service  Plant,  and  consists  of  meters  for  measuring 
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the  water  from  the  city  mains,  a  filtering  plant  having  a  capacity  of 
400  gal.  per  hour;  a  cooling  and  storage  tank,  having  a  capacity  of 
700  gal.,  operating  in  connection  with  the  refrigerating  plant  de- 
scribed in  the  previous  section,  and  two  motor-driven,  centrifugal 
pumps,  delivering  the  cooled  and  filtered  water  to  the  special  piping 
system  for  the  fountains  throughout  the  Station.  The  filtering  is 
done  alternately  in  two  cast-iron,  porcelain-lined  drums,  first  through 
sand  and  then  through  charcoal.  The  current  in  these  drums  is  re- 
versed wlien  required  for  cleaning.  The  water-cooling  tank  is  of  J-in. 
steel  plate,  enameled  inside  with  gla?s  enamel  ^-g  in.  thick.  The 
water  is  cooled  in  this  tank  by  direct-expansion,  ammonia-pipe  coils, 
forming  a  part  of  the  general  refrigeration  plant. 

Garbage  Destructor. — It  was  estimated  that  about  5  tons  of  wet 
kitchen  garbage  and  the  same  quantity  of  dry  refuse  would  accumulate 
in  the  terminal  per  day.  Its  prompt  disposal  was  arranged  for  by 
the  installation  of  an  incinerating  plant  in  the  basement  of  the 
Service  Building.  This  destructor  is  of  the  Morse-Boulger  make, 
and  consists  of  furnaces  lined  with  fire-brick  and  containing  four 
separate  grates.  In  one  of  these  the  dry  refuse  (or  coal)  is  used  for 
fuel  to  supply  heat  for  drying  out  and  burning  the  wet  refuse,  and 
a  second  fuel  grate  is  provided  for  an  auxiliary  fire  to  consume  the 
gases  from  the  offensive  refuse.  Two  fire-brick  grates,  an '  upper  and 
a  lower,  are  used  for  wet  garbage,  which  is  dried  and  consumed  by 
the  heat  from  the  fuel  grates.  The  gases  pass  from  the  furnace  to  the 
main  boilers  and  thence  to  the  stack. 

Garbage  is  brought  from  the  kitchens  in  closed  wagons  to  a  cold 
room  in  the  building,  where  it  may  remain  until  the  furnace  is  ready 
for  charging.  It  is  then  dumped  on  a  tray  on  the  floor  above,  sorted 
for  valuable  articles,  such  as  silverware  and  linen,  and  then  charged 
into  the  furnace  through  a  grating  at  the  top. 

Ligliting  and  Auxiliary  Poioer  Generators. — The  approximate  elec- 
tric power  requirements  for  all  purposes  (except  for  traction)  are  as 
follows : 

Station  lighting  600  kw. 

Tunnel  lighting   125     " 

Motors  for  ventilation  and  station  elevators ...     1  325     " 

Motors  for  sump  pumping 800     " 

Motors  for  tunnel  ventilation 350     " 

Motors  for  Post  Office  mail-handling  machinery  55     " 

Power  for  signal  system 175     " 
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All  these  various  rcquiroinents  might  conceivably  be  met  by  the 
use  of  one  source  of  electric  power,  and  it  would  be  possible  to  take 
the  current  from  the  main  traction  generators;  but  it  can  readily  be 
seen  that  the  services  are  so  important  that  they  cannot  be  considered 
as  incidental,  and  therefore,  the  power  system  selected  for  them  should 
not  sacrifice  perfect  reliability  and  adaptability  to  the  utmost  degree  of 
simplicity  and  economy  in  installation,  or  even  of  operation.  The  fol- 
li)\viii!i:  considerations,  therefore,  were  the  guiding  ones  in  designing 
this  miscellaneous  power  system. 

First. — It  was  determined  to  light  the  Station  Building  by  small 
individual  lights,  rather  than  by  powerful  arc  lamps;  and,  for  reasons 
of  economy,  as  elsewhere  explained,  it  was  decided  to  use  Nernst 
lamps  for  the  general  lighting,  a  form  of  lamp  requiring,  for  economy, 
alternating  current  at  240  volts. 

Second. — The  tunnels  require  to  be  lighted  at  all  times  by  a 
system  which  is  independent  of  the  traction  power,  so  that  in  case  of 
failure  of  this  latter,  there  will  still  be  lights  outside  of  the  trains. 
The  kind  of  current  used  for  Station  lighting  will  likewise  be  suita- 
ble for  the  same  purpose  in  the  tunnels. 

Third. — Electric  power  is  needed  for  operating  the  signal  system, 
as  elsewhere  explained,  and  must,  in  part,  be  of  the  alternating-cur- 
rent type;  the  lighting  generators,  therefore,  are  suitable  for  the 
needed  supply. 

Fourth. — Alternating  current  may  also  be  used  for  the  various 
stationary  motors,  except  that  in  case  of  the  electric  elevators,  alter- 
nating-current motor  control  has  not  been  as  thoroughly  perfected  as 
in  the  case  of  direct-current  control.  Therefore,  it  was  decided  to 
operate  all  motors,  except  those  for  electric  elevators,  from  the  same 
alternating-current  generators  as  were  used  for  other  miscellaneous 
power  purposes.  In  order  not  to  introduce  another  system  of  genera- 
tion for  electric  current,  it  was  decided  to  operate  the  elevators  directly 
from  the  traction  circuits  at  650  volts. 

Fifth. — For  the  minor  purposes  of  car-battery  charging,  telephones, 
clocks,  etc.,  small  motor  generators  are  used,  converting  the  alter- 
nating into  direct  current  of  the  required  voltage. 

The  next  consideration  was  that  of  properly  safeguarding  the  gen- 
eration of  miscellaneous  power,  with  due  regard  to  economy  in  first 
cost  and  operation.     As  the  Service  Plant  is  essential  for  heating  and 
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other  yard  purposes,  it  seemed,  logically,  the  proper  one  to  furnish 
auxiliary  electric  power,  as  the  exhaust  steam  from  the  engines  could 
be  utilized  in  cold  weather  to  provide  heat  for  the  Station  Building. 
As  laid  out,  therefore,  the  miscellaneous  electric  power  system  con- 
sists of  two  independent  sources  of  power  generation,  with  duplicate 
machines  at  each  source;  and  machines  of  the  alternating-current  type 
are  used,  permitting  distribution  to  the  various  services  at  any  desired 
voltages,  through  suitable  transformers.  Fig.  1,  Plate  LXXXI,  shows 
the  remote-control  traction  feeder  circuit-breakers  and  switch  panels, 
in  the  Service  Plant  Sub-station;  Fig.  2,  Plate  LXXXI,  is  a  view  in 
one  of  the  pipe  subways. 

The  following  is  a  list  of  the  variety  of  electric  currents  used  for 
different  miscellaneous  power  purposes,  and  produced  at  the  Service 
Plant,  except  current  for  elevators,  which  is  taken  from  the  traction 
circuits;  these  are  from  one  source,  transformed  and  converted  as 
required : 

11  000-volt,   A.C.,   60-cycle,     High-tension  service  feeders. 
2  200     "         "  ''  Signal  lines. 

220     "         "  "  Signal   lines   in   yard   cabins. 

650     "      D.  C Third-rail   feeders    and   office 

elevators. 
420     "      A.  C,    60-cycle.  .Motors. 
240     "        "  "         .  .Lights. 

220     "      D.  C Elevator  control. 

110     ''          "       Car-battery  charging  and  ex- 
citers. 
35     "          "       Baggage-truck  battery  charging. 

The  machines  installed  to  care  for  this  general  system,  consist  of 
two  1  000-kw.  turbo-generators.  These  supply,  through  step-up  trans- 
formers, three-phase  alternating  current,  at  11  000  volts  and  60  cycles, 
to  the  service  power  switch-board.  They  operate  non-condensing,  the 
exhaust  steam  being  passed  through  the  heaters  for  the  Station  Build- 
ing heating.  At  seasons  when  the  exhaust  cannot  be  utilized  for  this 
purpose,  the  machines  are  shut  down,  the  power  supply  being  taken 
from  generators  in  the  Long  Island  City  Power-House,  where  condens- 
ing turbines  of  a  more  economical  rating  are  available. 

Traction  Suh-Station. — The  traction  sub-station  is  described  in 
full   under  the  general  power  heading,  and  need  only  be  referred  to 
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here  as  consisting  of  the  complete  sub-station,  occupying  the  east  half 
of  the  Service  Building. 

Offices  and  Store-Rooms. — Above  the  main  floor  of  the  east  half 
of  the  building  are  located  the  following: 

(a)  On  a  mezzanine  floor  overlooking  the  rotary-room,  a  space  of 
980  sq.  ft.,  for  locker-room  and  toilets,  and  offices  for  the  service  plant 
foreman  and  assistants ; 

(?;)  On  the  third  floor  an  instruction-room  and  office,  G  200  sq.  ft. 
in  area,  containing  apparatus  to  illTistrate  the  construction  and  meth- 
ods of  operation  of  the  special  devices  of  the  signal  system,  electrical 
equipment  of  the  division,  etc.  These  include  complete  working  parts 
of  the  devices  in  question,  with  sectional  models  showing  their  internal 
construction.     The  systems  illustrated  are: 

Block  and  interlocking  signals, 

Automatic  train  stop, 

Car  and  locomotive  air  brakes, 

Electric  control  apparatus  of  locomotives  and  cars, 

Tunnel  alarm  and  telephone  boxes, 

Third-rail  construction   and  switching  apparatus. 

Apparatus  for  testing  sight  and  hearing. 

(c)  The  fourth  floor,  an  area  of  6  200  sq.  ft.,  has  been  fitted  for  a 
general  store-room  for  supplies  of  all  kinds; 

(d)  The  fifth  floor  is  subdivided  into  offices  for  certain  of  the 
division  staff;  the  space  for  offices,  excluding  corridors,  being  4  300 
sq.  ft. 

The  following  is  a  concise  statement  of  the  Service  Plant  machinery 
equipment,  excluding  the  traction  sub-station  equipment  listed  else- 
where : 

Water-tube  boilers,  525-h.p.  each;  ultimate  capacity,  ten  boilers; 

pressure,   200  lb 5 

Single-acting,  high-speed,  steam  engines,  50  h.p.  each,  driving 

Sirocco  fans,  for  forced  draft 2 

Green  fuel  economizers 2 

Water  storage  tanks;  capacity  60  000  gal 4 

Coal  conveyor,  two  pairs,  capacitj'^  120  tons  per  hour 4 

Coal-skip   hoist   engine 1 

Ash  conveyor,  50  tons  per  hour,  motor-driven,  belted 1 

Garbage  destructor    1 
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Boiler  feed-water  heater;  capacity,  6  500  gal.  per  hour  from  70° 

to  200°  Fahr.,  300  gal.  per  min 1 

Boiler  feed-pumps,  duplex-tandem,  compound,  steam-driven ....  2 
Hot-well  pumps,   centrifugal,   motor-driven 2 

1  000-kw.     240-volt,     3-phase,     60-cycle     Westinghouse-Parsons, 

steam-driven,  direct-connected  turbo-generators.  (Space  for 
one   additional)     2 

2  000-cu.  ft.  per  min.,  Nordberg,  cross-compound,  Corliss,  steam- 

driven,  air  compressors,  100  lb.  pressure,  for  signals  and 
sewage  ejectors   2 

100-cu.  ft.,  motor-driven,  air  compressors,  120  lb.  pressure,  brake 
testing  2 

Elevator  pump,  1 500  gal.  per  min.,  300  lb.  pressure,  steam- 
driven,  for  hydraulic  baggage  and  passenger  elevators 1 

Elevator  pump,  500  gal.  per  min.,  300  lb.  pressure,  steam-driven, 
for  hydraulic  baggage  and  passenger  elevators 1 

Compound,  steam-driven  pump,  1  500  gal,  per  min.,  for  baggage 
and  passenger  elevators 1 

Steam-driven,  Westinghouse,  air-brake  pumps,  for  elevator  sys- 
tem and  for  air  cushion,  hydraulic  elevater  tanks 2 

Duplex,  steam-driven,  Underwriters'  fire  pumps,  capacity,  1  500 
gal.  per  min.  each 2 

Motor-driven,  automatic,  centrifugal  pumps,  for  circulating  cold 
water  and  water  for  flushing  purposes 3 

Motor-driven,  centrifugal  pumps,  for  hot-water  circulation  to 
Station  indirect  heating  system 3 

Heater  for  Station  indirect  heating  system 3 

Heater,  635  gal.  per  hour,  for  hot  water  in  Service  Plant 1 

Refrigerating  plant,  40-ton  ammonia  compressors,  engine-driven .   2 

Brine  pumps,  motor-driven,  centrifugal 3 

Motor-driven,  IJ-in.  centrifugal  pumps  for  circulating  drinking 
water    2 

750-kw.,  single-phase,  60-cycle,  11 000-420-volt,  air-blast  trans- 
formers       3 

500-kw.,  single-phase,  60-cycle,  11 000-246-volt,  air-blast  trans- 
formers       3 

150-kw.,  60-cycle,  11 000-2  200-volt,  O.I.S.C.  transformers  for 
signals   2 

100-kw.,  60-cycle,  11  000-220-volt,  O.I.S.C.  transformers  for  sig- 
nals    2 

80-kw.,  110-220-volt,  motor-generator  sets,  for  car-battery 
charging    2 

40-kw.,  110-volt,  motor-driven  exciters 2 

25-kw.,  35-volt,  motor-generator  sets,  for  baggage-truck  charging.   2 

55-cell  storage  battery,  for  emergency  excitation 1 
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Tunnel  Facilities. 

The  extensive  system  of  more  than  15  miles  of  single-track  tunnels 
has  been  fully  described,  as  to  physical  construction,  by  others;  the  rail- 
road and  the  operating  facilities,  however,  will  be  referred  to  briefly. 

Size  of  Tunnels. — The  size  of  the  tunnels  was  a  consideration  of 
great  importance  in  the  subaqueous  tubes,  where  a  determination  of 
the  minimum  practical  operating  diameter  was  essential  in  order  to 
avoid  a  large  expenditure  of  money  unnecessarily.  In  a  tunnel  of 
circular  cross-section,  the  height  from  the  invert  to  the  crown  of  the 
arch  is  the  controlling  dimension,  to  accommodate  the  track  structure 
niul  the  cars.  This  height,  therefore,  was  considered  carefully  by  the 
Board  of  Engineers  and  the  Committee  of  Operating  Officei's,  having 
due  regard  to  probable  deviation  from  a  true  central  axis  in  the  process 
of  tunnel  driving.  A  minimum  was  fixed  for  the  depth  of  the  ballasted 
form  of  track,  and  a  minimum  clearance  over  the  top  of  the  cars  in 
which  to  provide  for  wrecking  operations,  and  also  for  the  possible  use 
of  an  overhead  electric  conductor  for  traction,  should  this  later  be 
considered  practicable  and  desirable  at  the  time  when  the  traction 
system  was  determined  on,  or  even  at  a  later  date,  should  developments 
in  the  art  require  it.  The  adopted  clearances  are  given  in  the  follow- 
ing table  of  tunnel  data: 

Total  length  of  single-track  tunnels 15.54  miles 

Total  length  of  river  tubes 12.02      " 

Inside  diameter  of  tube  tunnels 19.00  ft. 

Distance  from  top  of  rail  to  crown  of  tube 

tunnel  arch  16.00     " 

Minimum  top  clearance    over    car    roof    to 

crown   1  ft.  9  in. 

Distance  from  tunnel  invert  to  top  of  rail.  . .  2  ft. 

Height  of  top  of  tunnel  benches  above  rail.  .  5  ft.  6  in. 

Width  between  benches 11  ft.  8  in. 

Width  of  bench  (River  sections) 3  ft.  8  in. 

Drawings  giving  full  particulars  of  the  tunnel  dimensions  are  found 
in  other  papers.  The  average  clearance  above  the  car  roof  to  the  crown 
of  the  tunnel  arch  is  21  in.,  and  it  was  intended,  in  the  event  of  the 
use  of  an  overhead  conductor,  to  give  a  minimum  clearance  of  6  in. 
from  the  crown  to  the  conductor  and  21  in.  from  the  conductor  to  the 
car  roof.  In  order  to  obtain  maximum  space  for  the  insulators  carry- 
ing the  conductor,  it  was  decided  to  construct  pockets  in  the  concrete 
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of  the  tunnel  roof,  these  being  15  by  24  in.,  5  in.  deep,  and  10  ft.  from 
center  to  center. 

Interior   Arrangement. — The   circular    cross-section    of   the   tunnel 
provided  an  excess  of  clearance  at  the  horizontal  diameter,  which  Presi- 
dent Cassatt  suggested  might  be  utilized  to  contain  high  side-benches 
of  concrete,  to  form  vertical  walls  for  the  protection  of  trains  in  case 
CROSS-SECTION  OF  RIVER  TUNNEL 
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of  derailment,  and  also  for  walkways  for  passengers  in  case  of  acci- 
dent, and  for  employees.  (See  Fig.  9.)  They  also  provide  convenient 
and  safe  means  for  housing  the  electric  cables.  These  benches  were 
made  with  the  top  5  ft.  6  in.  above  the  rail,  or  about  18  in.  above  the 
car  floor,  and  give  normally  10  in.  clearance  from  the  sides  of  the  car. 
Fig.  1,  Plate  LXXXII,  is  a  view  of  the  interior  of  the  tunnel,  show- 
ing the  signal  equipment  and  other  facilities. 
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The  walkways  in  the  river  tubes  are  3  ft.  8  in.  wide,  but  in  certain 
portions  of  the  Land  section  their  width  is  only  2  ft.  4  in.,  as  required 
by  the  width  of  the  streets  traversed.  In  installing  signals,  piping,  and 
other  apparatus  in  the  tunnels,  only  one  bench  (that  on  the  right  hand 
side)  has  been  obstructed,  and  this  only  partly;  the  other  bench  has 
been  left  entirely  clear.  Both  benches  have  been  provided  with  hand- 
rails, and  the  tunnel  lights  are  placed  above  them  in  a  convenient 
location  for  inspection  and  renewal. 

It  will  be  noted,  from  other  papers  treating  of  the  tunnel  con- 
struction, that  refuge  niches  and  ladders  for  trackmen  are  provided 
in  the  benches  at  intervals  of  25  ft.  It  will  also  be  noted  that 
the  tunnels  are  provided  with  cross-passages  between  pairs  in  the  land 
sections.  These  passages  are  closed  by  doors,  so  that  the  tubes 
throughout  are  distinct,  and  ventilation  is  positive. 

Drainage. — The  drainage  is  described  under  the  general  heading, 
"Drainage  System." 

Lighting. — The  tunnels  are  liglited  continuously  by  a  source  of 
power  which  is  entirely  independent  of  the  traction  system.  Each  tunnel, 
moreover,  has  two  circuits  which  are  independent  of  each  other  and  are 
fed  from  separate  transformers  and  switching  panels.  The  primary 
source  of  the  lighting  current  is  the  60-cycle  generators  used  for  the 
general  auxiliary  power  system,  and  located  in  the  Long  Island  power- 
house and  also  in  the  31st  Street  Service  Plant. 

The  lighting  circuits  are  run  in  pipe  conduits  on  the  tunnel  walls 
above  the  benches,  and  on  one  side  of  the  tunnel  serve  as  a  hand-rail. 
The  lamps  are  of  the  Tungsten  type,  of  25-watt  rating,  20-c.p.,  and 
operate  at  33  volts,  being  connected  8  in  series  on  a  252-volt  circuit. 
They  are  50  ft.  apart,  on  each  side  of  the  tunnel,  and  staggered  so  as 
to  give  a  lamp  for  each  25  ft.  of  the  tunnel  length.  The  lamps  are  7 
ft.  above  the  tunnel  side-benches,  and  have  enameled  steel  reflectors  to 
throw  the  light  in  the  direction  of  the  movement  of  trains.  Arrange- 
ments are  made  at  various  points  in  the  lighting  circuits  for  the  at- 
tachment of  portable  extension  connections  for  lamps  to  be  used  in 
repair  work  on  various  apparatus  in  the  tunnels.  The  control  of  the 
current  is  from  switch-boards  in  the  auxiliary  power  sub-stations  in 
the  shafts. 

Ventilation. — Satisfactory  ventilation  for  the  tunnels  was  consid- 
ered to  be  of  great  importance,  as  it  was  desired  that,  not  only  should 
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tlie  tinmels  be  safe  under  all  emergency  conditions,  but  that  there 
should  be  at  no  time  noticeable  discomfort  to  passengers.  Two  gen- 
eral conditions  were  to  be  provided  for :  first,  purity  of  the  air  in 
normal  operation;  and,  second,  requisite  ventilation  for  an  indefinite 
period  in  case  of  stoppage  of  trains  in  the  tunnel  from  accident  or 
other  cause.  It  was  thought,  and  afterward  verified  by  trial,  that  the 
piston  action  of  the  trains  when  in  motion  would  be  an  effective  means 
of  changing  the  air,  as  each  tube  contains  only  one  track,  and  is 
isolated  from  the  adjoining  tube  and  open  at  each  end  to  the  free  air. 
Where  piston  action  has  proved  insufficient,  as  in  the  case  of  the  deep 
tubes  in  London,  it  would  seem  to  be  because  of  the  lack  of  sufficient 
free  opening  to  the  atmosphere,  especially  at  the  ends,  and  because  of 
the  by-passing  of  the  air  from  one  tube  to  another  at  stations.  A 
special  ventilating  system,  therefore,  is  needed  only  to  provide  air  to  a 
stalled  train  in  an  emergency,  or  to  dissipate  smoke  and  fumes  from 
an  electric  are,  the  possibility  of  which  conditions  was  thought  of 
sufficient  importance  to  warrant  the  installation  of  a  very  complete 
forced-draft  ventilating  plant.  To  obtain  the  benefit  of  his  experience 
in  tunnel  ventilation,  the  Company  engaged  Charles  S.  Churchill, 
M.  Am.  Soc.  C.  E.,  as  an  expert  to  consult  with  the  writer  in  devising 
a  proper  system  for  the  151  miles  of  tunnels  comprised  in  the  terminal 
railway.  It  was  determined  that  the  air  in  the  cars  should  not  be 
allowed  to  contain  more  than  8  parts  of  carbon  dioxide  per  10  000,  re- 
quiring 30  cu.  ft.  of  fresh  air  per  min.  to  each  passenger.  To  insure 
this  quantity  of  fresh  air  in  the  cars,  it  was  thought  advisable  to 
furnish  more,  namely,  50  cu.  ft.  per  passenger  per  min.  in  the  tunnels, 
and  the  fan  equipment  was  designed  to  meet  this  requirement,  having 
due  regard  to  emergency  conditions  and  the  occasional  irregular  spacing 
of  trains.  The  quantity  of  air  required  per  section  of  tunnel  on  this 
basis  is  about  60  000  cu.  ft.  per  min.,  which  will  completely  change 
the  contents  of  the  tubes  three  times  per  hour. 

Plans  for  producing  the  requisite  ventilation  by  exhaust,  by  pres- 
sure, or  by  a  combination  of  both  were  considered.  The  system  found 
best  adapted  to  the  local  conditions  was  patterned  after  the  one  de- 
vised by  Mr.  Churchill,  and  used  on  the  Norfolk  and  Western  Railway 
and  elsewhere.  It  is  a  forced-draft  system  in  which  a  constant  and 
uniform  current  of  air  is  induced  in  the  tunnel  by  forcing,  in  the 
direction  of  the  traffic,  the  required  volume  of  air  into  the  portal.     A 
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divided  nozzle,  in  the  form  of  a  tapering  flue,  is  placed  on  each  bench- 
wall  for  this  purpose.  This  method  requires  no  obstructing  flues  in 
the  tunnels  themselves,  the  nozzles  being  at  the  portals  only,  a  con- 
sideration of  great  importance  in  keeping  the  side-benches  free  for 
walkways.  The  arrangement  of  tunnels  and  shaft  openings  required 
in  all  fourteen  sets  of  ventilating  apparatus  at  different  points,  as 
shown  by  the  lower  part  of  Plate  LXXXIIL  A  list  of  the  locations 
witli  fan  capneitics  obtained  by  test  under  maximum  conditions  is 
fiiven  in  Table  4. 

TABLE  4. — Tunnel  Ventilation. 


Location. 


North  River  — Hackensack  Per- 1 
tal,  BuildiuK  over  portal f 

North  River,  Weehawken  Shaft,  i 
In  room  between  tracks  be-  [- 
low  bench  level ) 

North  River— Eleventh  Avenue  1 
Shaft.  In  room  at  track  level  I 
on  north  side  of  west-bound  f 
tube J 

East  River  — First  Avenuel 
Shafts.  In  building  located  i 
at  ground  level  over  tracks  3  ( 
and  4 J 

East  River  —  Kirst  Avenue 
Shafts.  In  building  located 
at  ground  level  over  tracks 
1  and  2 J 

East  River— Long  Island  City] 
Shafts.  In  building  located  1 
at  grounil  level  over  tracks  3  ( 
and  4 j 

East  River— Long  Island  Cityi 
Shafts.  In  building  located  I 
at  ground  level  over  tracks  1  ( 
and  2 J 
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It  will  be  noted  from  Table  4  that,  in  two  cases,  exhausting  instead 
of  pressure  blowers  are  used;  these  are  for  the  purpose  of  causing  a 
return  current  of  air  at  the  west  ends  of  the  cross-town  tunnels; 
where  they  merge  into  three-track  tunnels  approaching  the  passenger 
station,  the  object  being  to  prevent  blowing  air  from  the  tunnels 
under  and  into  the  Station  Building. 

The  blowers  are  of  the  multi-vane,  "Sirocco"  type,  belt-driven  from 
induction-type  electric  motors;   and  the  speed  of  the  fan  can  be  ad- 
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justed,  by  cone  pulleys,  from  normal,  as  given  in  Table  4,  to  70% 
or  40%  of  normal,  as  required. 

Tbe  air  ducts  from  the  fans  (see  Fig.  10)  vary  in  form  and 
arrangement  to  suit  local  conditions,  but  are  generally  rectangular  in 
section.  They  were  designed  carefully,  with  bends  of  large  radius 
to  minimize  friction,  and  proportioned  so  as  to  eliminate  all  sudden 
changes  in  velocity  between  the  fan  and  the  nozzle. 

From  tests  made  in  the  tunnels,  with  and  without  the  fans  run- 
ning, it  is  apparent  that,  under  normal  conditions,  the  piston  action 
of  the  trains  can  be  relied  on  to  give  satisfactory  ventilation.  Records 
show  that  in  the  East  River  Tunnels  the  air  is  changed  every  40  min. 
by  the  passage  of  trains  during  non-rush  hours,  and  every  15  min. 
during  rush  hours. 

The  average  velocity  of  the  air  in  the  East  River  Tunnels  due  to 
the  action  of  the  fans  alone  is  about  8  miles  per  hour.  This  is  in- 
creased by  the  passage  of  trains  to  more  than  30  miles  per  hour,  the 
latter  figure,  of  course,  depending  on  the  number  of  cars  in  the  train, 
and  the  speed. 

It  is  evident,  therefore,  that  in  regular  operation,  the  fans  need 
not  be  run,  and  provision  has  been  made  to  start  and  stop  them,  as 
required,  from  two  central  points,  the  power-house  for  the  East  River 
Tunnels,  and  the  Service  Plant  for  the  North  River  Tunnels. 

Tunnel- Alarm  System. — The  tunnels  are  equipped  with  a  special 
safety  device  which  has  two  functions,  one  to  cut  off  the  current  in  a 
given  section  of  the  third-rail,  and  the  other  to  send  a  fire-alarm  call. 
The  system  consists  of  a  series  of  alarm  boxes,  set  about  800  ft.  apart. 
Each  box  is  numbered,  and  contains  two  levers,  colored  blue  and  red, 
respectively.  The  blue  lever  is  marked  "Power/"  and  when  pulled 
trips  the  circuit-breakers  controlling  the  third-rail  section  adjacent  to 
the  box,  thus  cutting  off  the  power  and  at  the  same  time  sending  a 
call  of  two  rounds  of  the  alarm  box  number  to  the  connected  indi- 
cators. The  red  lever  is  marked  "Fire/''  and  when  pulled  performs  the 
same  function  as  the  power  lever,  but  sends  in  two  additional  rounds 
of  the  box  number. 

The  box  mechanism  is  operated  by  clockwork,  set  in  motion  by  the 
winding  of  a  spring  when  the  lever  is  pulled;  the  clockwork  actuates 
electric  contacts  in  the  circuits,  controls  an  auxiliary  tripper  to  the 
section    circuit-breaker,    and    spells    the   box    number    on    the    station 
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indicators.  Each  box  is  provided  with  an  interference  magnet  which 
prevents  sending  in  an  alarm  from  another  box  if  one  box  on  the 
circuit  is  in  operation.  Current  for  actuating  the  alarm  circuits  is 
obtained  from  storage  batteries  in  the  various  sub-stations, 

TABLE  5. — Tunnel  Alarm  System. 


Total  No. 

Local 

No.  of 
boxes 
in  each 
local 
circuit. 

General- 
alarm 

Locarion. 

of  boxes 
in  each 

alarm 
circuits. 

Location  of  switch-board 
for  local  circuits. 

circuits. 

tunnel. 

No. 

No.  1,  North 

(  South  Tunnel. . 

19 

(       1 

9 
10 

Sub-station  No.  3. 
"     2. 

River 

(North  Tunnel.. 

19 

]   i 

9 
10 

Sub-station  No.  3. 

"    2. 

i   ^ 

4 

Sub-station  No.  2. 

f Tunnel  No.  1... 

20 

-    *^ 

9 

Long  Island  City  Po  wer-Station. 

No.   2,   East 

1       7 

7 

"                  "            " 

River 

1 

\       ^ 

4 

Sub-station  No.  2. 

(  Tunnel  No.  2... 

18 

1      10 

9 
5 

Long  Island  City  Power -House. 

\      11 
1      12 

4 

Sub-station  No.  2. 

1  Tunnel  No.  3... 

20 

9 

Long  Island  City  Power-Station. 

No.   3,  East 

1 

1      13 

7 

11                                    .1                      u 

River 

1 

(      14 

4 

Sub-station  No.  2. 

[Tunnel  No.  4... 

20 

-      1^ 
16 

9 

7 

Long  Island  City  Power-Stalion. 

The  indicators,  recording  the  character  of  the  alarm  and  the  loca- 
tion of  the  box  sending  it,  are  in  the  offices  of  the  Train  Director,  the 
Train  Despatcher,  and  the  Power  Director,  and  in  the  power  sub- 
station controlling  the  traction  current  for  the  section  in  question; 
the  indication  is  also  repeated  to  the  interlocking-switch  cabin  con- 
trolling train  movements  to  the  section.  In  case  of  a  partial  short 
circuit  on  a  car  or  at  the  third-rail,  which  may  maintain  an  arc,  or  in 
case  it  is  desired  to  work  around  defective  apparatus  under  a  standing 
train,  the  current  may  be  cut  off  from  the  third-rail  of  the  section 
by  pulling  the  "PowER^'  lever.  In  case  of  a  serious  fire  or  other  emer- 
gency, the  "EiRE^"  lever  may  be  pulled,  and  then  the  Eailroad  Eire 
Department  at  the  Station  and  the  emergency  crews  will  respond.  In 
either  case  the  person  pulling  the  lever  is  instructed  to  get  into  direct 
communication  with  the  Train  Director  by  telephone  from  a  near-by 
telephone  box,  and  to  explain  the  trouble  so  that  an  order  governing 
subsequent  procedure  in  responding  to  the  alarm  or  resetting  the 
circuit-breakers  may  be  given. 

There  are  sixteen  local  or  "Power"  alarm  circuits,  corresponding  to 
the  section-controlling  breakers,  and  there  are  three  general  or  "Eire^' 
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Fig.  2. — Method  of  Supporting  Track  Structure  to  Receive  Concrete  Base. 
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alarm  circuits,  connected  to  switch-boards  in  the  power-house  at  Long 
Island  City,  the  Service  Plant  in  31st  Street,  and  the  traction  sub- 
station at  the  llackcnsaek  Portals  of  the  tunnels. 

Track. 

The  portion  of  the  Terminal  railway  track  construction  assigned 
to  this  Department  consisted  of  that  in  the  tunnels,  and  in  the  Station 
and  Sunnyside  yards.  The  standards  adopted  are  in  general  those  of 
the  Pennsylvania  Railroad,  with  certain  modifications  in  detail  dictated 
by  the  Maintenance  of  Way  Department  for  the  better  adaptation  of 
the  track  to  the  peculiar  local  conditions. 

Tunnel  Trach. — It  was  desired  to  adapt  the  track  to  high-speed 
running,  with  a  minimum  of  vibration  of  the  track  or  tunnel  structure, 
and  to  reduce  noise  as  far  as  practicable;  also  to  permit  of  ease  of 
renewal,  without  disturbance  of  the  tunnel  concrete  lining.  For  these 
reasons,  it  was  decided  to  adopt  ballasted  track,  rather  than  any  special 
form  built  into  the  tunnel  structure,  although,  as  mentioned  later,  a 
short  section  of  track  having  a  concreted  base  was  put  in  the  land 
section  of  tw^o  of  the  tubes,  for  experimental  purposes. 

The  rail  is  100  lb.  per  yd.,  and  is  of  the  new  "Pennsylvania"  section, 
and  of  opon-heaith  steel,  to  the  Road's  specifications.  The  joint  angle- 
bars  are  of  the  six-hole  type,  with  an  extended  flange  below  the  rail 
base,  and  have  1-in.  bolts.  The  base  has  also  a  special  cross-section 
providing  space  for  copper  bonds  between  rail  and  splice. 

The  ties  are  of  black  gum  and  yellow  pine,  creosoted,  the  minimum 
dimensions  being  8  in.  face,  7  in.  thick,  and  18  ties  to  the  rail  length 
of  33  ft.  All  track  is  tie-plated  with  special  rolled-steel  plates  7  by  13 
in.  and  §  in.  thick.  These  plates  have  shoulders  inside  and  out, 
and  are  secured  to  the  ties  by  four  f-in.  lag-screws.  Under  each  plate 
is  placed  a  pad  of  compressed  hair-felt,  i  in.  thick,  the  tie  being  dapped 
out  to  receive  the  pad.  The  rail  is  secured  to  the  tie  through  the  plate 
by  two  1-in.  lag-screws,  each  bearing  on  the  rail  flange  and  shoulder  of 
the  plate. 

The  ballast  is  of  trap  rock,  screened  through  l^-in.  mesh,  and  laid 
for  a  depth  of  12  in.  under  the  ties.  This  ballast  was  crushed  on  the 
Company's  property,  using  the  rock  taken  from  the  P>ergen  liill  Tini- 
nels. 
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Station  Yard  Track. — Two  types  of  track  construction  were  adopted 
for  the  yard  (see  Fig.  2) ;  one,  the  standard  ballasted,  and  the  other  a 
special  form  of  concrete  bedding  for  the  short  tie-blocks  which  carry 
the  rails.  Ballasted  track  is  used  through  the  switches  and  in  the 
storage  yard,  and  the  concreted-ba.se  track  adjacent  to  the  platforms. 
The  ballasted  track  is  of  the  same  standards  as  used  in  the  tunnels, 
except  that  the  ballast  is  of  |-in.  rock,  and  the  ties  are  not  creosoted. 

Concrete-Base  Track. — For  the  track  under  the  Station  Building 
and  adjacent  to  the  passenger  platforms,  it  was  desired  to  provide  a 
form  of  construction  which  would  present  a  smooth  surface,  and  could 
readily  be  kept  clean.  This  was  especially  desirable  where  cars  stand 
and  drip  oil  and  water  on  the  track  structure,  and  at  places  where 
rubbish  may  be  thrown  on  the  tracks  by  passengers.  To  devise  the 
proper  form  of  track  for  this  purpose,  a  special  committee  was  formed 
of  Operating  Officials  of  the  Pennsylvania  Railroad.  This  committee 
recommended  a  special  form  of  track  laid  on  wooden  blocks  embedded 
in  a  concrete  base.  This  form  of  construction  is  shown  in  the  lower 
part  of  Plate  LXVII,  and  in  Fig.  1,  Plate  LXXXIV.  A  single  track 
length  of  14  600  ft.  of  this  type  was  laid  adjacent  to  the  platforms, 
except  at  switches  and  cross-overs,  where  standard  ballasted  track  was 
used.  In  general,  the  concrete  surface  was  laid  on  the  rock  of  the 
sub-grade,  but  in  places  where  the  sub-grade  consisted  of  loose  rock 
back-filling,  crossed  by  drains  and  subways,  it  was  necessary  to  secure 
uniformity  for  the  concrete  base  by  specially  ramming  the  filling  and 
using  rod  reinforcement  or  bridging  in  the  concrete.  The  concrete 
used  is  a  1:2:4  mixture  of  Portland  cement,  sand,  and  washed  Cow 
Bay  gravel.  

The  track  was  first  laid  complete  with  its  fastenings  to  the  tie- 
blocks,  and  then  raised  and  leveled  with  great  care  to  the  proper  grade 
and  alignment  by  hanging  the  structure  from  a  timber  bridging  carried 
on  the  station  platforms  as  shown  by  Fig.  2,  Plate  LXXXIV;  the 
concrete  mixture  was  then  poured,  tamped,  and  allowed  to  set;  then 
the  bridging  was  removed.  The  cost  of  this  track  complete,  under  the 
special  conditions  obtaining  in  this  place,  was  $6.27  per  lin.  ft.  for 
the  base,  and  $2.67  per  lin.  ft.  for  the  tie-blocks  and  fastenings,  making 
a  total  cost  of  $8.94  per  lin.  ft. 

In  the  Station  area,  of  course,  this  track  is  subjected  to  slow-speed 
running  only.     In  order  to  test  its  application  to  high-speed  running, 
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two  short  sections,  each  of  720  ft.,  were  laid  in  two  of  the  East  River 
Tunnels  (No.  1  and  No.  2),  immediately  east  of  the  Long  Island  shafts. 
In  this  ease  the  concrete  base  for  the  track  was  laid  directly  on  the  con- 
crete invert  of  the  tunnel  lining,  and  the  general  methods  of  construc- 
tion were  the  same  as  described  for  similar  track  in  the  Station  yard. 

Sunnyside  Yard  Trach. — The  main  running  tracks  are  laid  with 
100-lb.  rails,  on  oak  ties;  the  yard  tracks  are  of  85-lb.  rails,  on  un- 
treated yellow  pine  ties.  All  rail  is  placed  on  tie-plates,  without  the 
hair- felt  pad  beneath,  and  the  rail  and  plates  are  secured  to  the  ties 
by  standard  i-in.  spikes. 

Third-Rail  Ties. — Each  fifth  tie  in  the  track  is  used  at  one  end  as 
a  seat  for  the  third-rail  insulator  and  for  the  bracket  to  support  its 
covering;  therefore,  they  were  longer  than  the  standard  tics,  or  9  ft. 
3  in. 

Frogs  and  Switches. — All  frogs  and  switches  are  according  to  the 
Pennsylvania  Railroad  standards;  generally  No.  8  frogs  are  used  and 
18-ft.  point  switches,  housed  in  the  stock  rail;  in  a  few  cases  clearance 
has  required  the  use  of  a  No.  7  turn-out.  In  the  Station  yard  all  frogs 
and  crossings  have  hardened  manganese  steel  iioints.  The  general 
quantities  relating  to  track  are  as  follows: 

Total    length     of    track     laid,     including 
Meadows     Division     and     Manhattan 

Transfer   yard 04.71  miles 

Ballast  used 268  870  cu.  yd. 

Number  of  switches 357 

Number  of  slips -16 

Number  of  crossings 14 

Buildings  for  Railroad  Facilities. 

Sixty-four  separate  buildings  were  required  for  the  Terminal  Rail- 
road. They  are  listed  in  Table  6  as  to  location  and  purpose.  The 
details  of  design  and  construction  of  these  various  buildings  differ 
greatly,  and  cannot  be  described  with  any  fullness  in  this  paper;  cer- 
tain features,  however,  may  be  referred  to. 

Station  Yard  Buildings. — The  Station  yard  buildings  are  small,  and 
are  at  convenient  points  in  the  yard  to  provide  offices,  store-rooms,  locker- 
and  toilet-rooms,  for  the  use  of  employees  on  duty  at  the  track  level. 
All  are  of  fire-proof  construction,  and  of  uniform  architectural  design; 
with  the  exception  of  Nos.  2  and  5  (which  are  of  hollow  tile  covered 
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Fig.   1. — I.\TEKiOR  OF   Interlocking  Cabin  "  A. 


Fig.   2. — C.\r-Cleaners  Building,  East  of  Ninth  Avenue. 
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witli  cement  jilaster),  they  are  of  reinforced  concrete  without  exterior 
ornanientation.  Tlic  doors  and  windows  are  set  in  depressed  panels, 
and  a  parapet  accented  by  raised  band  courses  finishes  the  roof.  It 
will  he  noted  from  Table  6  that  nearly  all  buildings  have  toilet  facilities, 
which,  in  fact,  was  an  essential  feature  in  determining  their  location, 
as  sewer  connections  had  to  be  made  through  ejectors  located  at  fixed 
points  in  the  subway  system  under  the  tracks. 

Signal  Cabins. — There  are  four  signal  cabins  in  the  Station  yard, 
and  all  are  of  special  design  to  meet  special  physical  and  operating 
conditions.  Three  of  the  cabins  are  under  the  buildings  and  street 
viaducts.  They  are  of  restricted  dimensions  because  of  the  close  clear- 
ances, and  of  irregular  shapes  in  order  to  obtain  the  maximum  room 
inside  and  the  least  obstruction  to  the  operator's  view  of  the  tracks. 
Cabin  "A,"  Plate  LXXXV,  is  the  main  interlocking  station  of  the 
Terminal,  controlling  all  the  movements  to  and  from  the  west  and  the 
main-ladder  switching  movements.  In  order  to  obtain  a  central  loca- 
tion and  unrestricted  view,  the  building  was  placed  on  a  bridge  over 
the  throat  of  the  ladder  tracks  about  midway  between  the  Post  Office 
Building  and  Ninth  Avenue.  This  gives  the  cabin  a  prominent  posi- 
tion in  the  open  yard,  and  it  was  thought  to  justify  the  design  of  a 
somewhat  pretentious  structure.  The  building  is  of  the  monolithic 
concrete  type,  and  perhaps  might  be  termed  a  reinforced  concrete 
building,  although,  because  of  its  spanning  the  tracks,  and  the  fact  that 
it  serves  as  a  support  for  the  overhead  third-rail  and  signal  structures, 
a  considerable  quantity  of  structural  steel  is  buried  in  its  walls;  thus 
it  is  not  a  purely  reinforced  concrete  structure.  The  architecture  is 
of  the  Mission  type,  with  wide  overhanging  eaves  and  low  ridged  roof, 
covered  with  red  Spanish  tile.  Owing  to  its  location  over  and  adjoin- 
ing the  switchwork  of  the  tracks,  special  care  was  taken  to  protect  the 
supporting  walls  in  case  of  train  derailment.  At  the  east  the  station 
platforms  perform  this  function,  and  on  the  west  were  placed  very 
massive  wedge-shaped  fenders  composed  of  80-lb.  T-rails  embedded 
in  concrete  and  carried  below  and  under  the  track  system.  The  entire 
floor  space  of  the  cabin  is  occupied  by  the  operating-room,  containing 
the  interlocking  machine  on  the  floor  and  the  relays  and  wiring  in  a 
gallery  above;  the  gallery  girders  also  act  as  anchor  arms  for  the 
cantilever  structures  attached  to  the  cabin  and  used  for  supporting  the 
overhead  rail  and  signals. 
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All  signal  wiring  is  carried  in  a  false  floor  above  the  concrete  floor 
of  the  cabin  and  in  ducts  through  the  side-walls  and  into  a  basement 
extending  under  the  entire  cabin  below  the  tracks,  where  switch-boards, 
storage  batteries,  and  other  apparatus  are  located.  From  this  basement 
the  wire  conduits  are  carried  in  a  special  subway  (referred  to  else- 
where) which  communicates  with  the  subways  under  the  yard.  Fig.  1, 
Plate  LXXXVI,  is  a  view  of  the  interior  of  this  cabin. 

The  remaining  three  cabins,  "B,"  "C,"  and  "D"  are  under  other 
structures;  they  are  of  two  stories,  a  main  operating  floor  and  a  base- 
ment or  track-level  story.  The  buildings  are  of  the  usual  reinforced 
concrete  construction.  Fig.  2,  Plate  LXXXVI,  is  a  view  of  the  car 
cleaners'  building  east  of  Ninth  Avenue. 

Manhattan  Transfer. — Only  signal  cabins  "N"  and  "S"  were  con- 
structed by  the  writer's  Department;  the  transfer  station  was  designed 
and  built  by  Mr.  Shand  as  part  of  the  general  yard  facilities.  The 
signal  cabins  are  of  the  usual  standard  design  of  the  Pennsylvania 
Kailroad  Company. 

Meadows  Section. — Aside  from  the  power  sub-station  buildings, 
these  comprise  small  structures  for  electric  power  switching,  tool- 
houses,  and  an  interlocking  cabin  at  the  Hackensack  draw-bridge. 
These  latter  have  steel  frames  carried  by  brackets  on  the  bridge  ap- 
proach, and  are  covered  with  paneled  galvanized  iron  and  lined  with 
asbestos  board. 

Sunnyside  Yard. — The  buildings  in  the  Sunnyside  yard  (Plate 
LXXXVIII)  are  numeroiis  and  important,  as  is  seen  from  Table  6, 
and  are  quite  plain  and  of  fire-proof  construction.  They  adjoin  the 
service  yard,  and  are  devoted  to  the  various  motive-power  require- 
ments. The  outside  and  party  walls  are  of  hard-burned  red  brick,  ex- 
cept in  the  cases  of  the  engine-house  and  the  wheeling  shed,  which  are 
of  steel  frame  covered  with  expanded  metal  and  concrete  plaster.  The 
floors  are  generally  of  concrete  and  the  roofs  of  steel  covered  with 
book-tile,  roofing-felt,  and  gravel.  The  buildings  are  provided  with 
steam  heating,  hot  and  cold  water,  toilet  facilities,  fire  protection,  elec- 
tric lights  and  telephones.  The  interiors,  with  few  exceptions,  are  fitted 
with  metal  shelving,  bins,  and  lockers. 

The  engine-house  and  machine-shop  are  especially  designed  for 
ample  light.     The  engine-house  has  two  inspection  pits,  with  a  cross- 
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pit  fitted   witli   compressed-air  jacks   for   removing   wheels.     The  ma- 
chine-shop contains  motor-driven  machine  tools  for  light  repairs. 

The  four  signal  cabins  are  of  brick,  and  of  standard  Pennsylvania 
Kailroad  Company  type,  except  Cabin  "Q,"  which  is  special  and  has 
an  extension  containing  tool-rooms,  yardniaster's  offices,  etc. 

Power  Suh-stations. — Sub-stations  Nos.  1  and  2  are  in  the  Long 
Island  City  Power-House  and  in  the  31st  Street  •  Service  Plant,  re- 
spectively; Nos.  3  and  4  are  on  the  Meadows  Division,  No.  3  adjoining 
the  ITackensack  Portal  and  No.  4  at  the  cast  end  of  the  Manhattan 
Transfer  yard.  These  latter  buildings  are  similar  in  design  and  con- 
struction, and  entirely  fire-proof.  Their  exteriors  are  of  dark  red 
mottled  brick,  laid  with  irregular  bond,  and  surmounted  by  parapet 
walls;  the  roofs  are  of  concrete,  and  flat;  the  interior  in  each  case  (see 
Plate  LXXXVII)  consists  of  a  main  operating-room  with  small  par- 
titioned rooms  for  control  storage  batteries,  toilets,  and  lockers.  The 
uiain  room  contains  a  gallery  on  one  side  for  lightning  arresters  and 
remote-control  circuit-breaker  ap])aratus. 

Blower-Houses. — Special  buildings  were  required  at  certain  loca- 
tions for  housing  the  tunnel-ventilation  apparatus.  At  the  Hacken- 
sack  Portal  a  granite  building  was  constructed  for  the  purpose  by  the 
Chief  Engineer  of  the  North  Iliver  Division.  At  the  First  Avenue 
Tunnel  shafts  two  buildings  were  provided;  one  is  founded  on  the 
shaft  caissons,  which  are  concrete-lined  steel  shells,  and  project  slightly 
above  the  ground  surface,  and  the  other  adjoins  the  second  pair  of 
caissons.  These  buildings  are  two  stories  high,  approximately  square, 
of  dark  red  brick  with  irregular  bond,  and  with  concrete  floors  and 
roofs;  they  are  thoroughly  fire-proof.  The  interiors  contain  fans 
belted  to  induction-type  electric  motors;  the  ducts  from  the  fans  to 
the  shafts  are  large  concrete  funnels  with  "ferro-inclave"  reinforce- 
ment, carefully  designed  for  leading  the  air  to  the  shafts  with  mini- 
mum friction.  The  buildings  also  contain  switching  apparatus  for  the 
fan  motors,  for  operating  the  sump  pumps,  and  for  controlling  the 
tunnel  lighting.  At  the  Long  Island  City  shafts,  two  buildings  are 
provided  for  the  same  general  purposes.  These  are  shaped  like  the 
letter  Z  (see  Fig.  10),  and  are  placed  over  the  caissons  and  between 
the  shaft  openings. 

From  each  pair  of  tunnels  three  stairways  rise  to  the  surface  and 
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terminate  in  small  reinforced  concrete  kiosks;  the  shaft  openings,  for 
lowering  machinery,  etc.,  are  enclosed  by  circular  concrete  fences,  hav- 
ing steel  doors.  Around  each  blower-house  shaft  opening  a  reinforced 
concrete  wall  8  ft.  6  in.  high  has  been  built,  enclosing  permanently  a 
plot  of  ground  which  it  has  been  necessary  to  reserve. 

SuNNYSiuE  Yard. 

This  extensive  yard  is  at  the  east  end  of  the  Terminal  Eailroad, 
in  Long  Island  City.  Its  purpose  is  to  furnish  facilities  for  the 
storage  and  care  of  passenger  train  equipment  using  the  New  York 
Station.  Practically  all  long-distance  trains  arriving  at  the  Pennsyl- 
vania Station,  when  unloaded,  are  taken  to  Sunnyside  Yard  for  turn- 
ing, cleaning,  and  making  up  for  the  return  trip.  At  present  the 
Long  Island  Eailroad  does  not  make  use  of  the  Sunnyside  Yard  facili- 
ties, the  turning  of  trains  being  done  in  the  main  station  yard.  The 
track  plan,  Plate  CV,  was  devised  by  Mr.  L.  H.  Barker,  Eesident 
Engineer.  While  the  yard  is  a  stub-end  one,  as  regards  its  location 
at  the  end  of  the  Division,  yet  it  is  double-end  as  regards  train  move- 
ments; this  is  accomplished  by  providing  two  loop  tracks  from  the 
tunnels  around  the  yard  to  its  further  end.  Trains  arriving  from 
the  New  York  Terminal,  therefore,  may  enter  the  yard  in  the  reverse 
direction  and  be  ready  to  return  to  the  Station  in  the  same  head-end 
order,  as  generally  required,  thus  minimizing  the  shifting  and  turn- 
ing of  special  cars  on  a  table.  Furthermore,  conflicting  movements 
at  the  throat  of  the  yard  are  avoided.  It  is  important  to  note  that 
the  tunnel  tracks  from  the  New  York  Station  are  operated  as  two 
double-track  lines,  one  (the  33d  Street  Tunnels)  normally  for  Long 
Island  Eailroad  trains,  and  the  other  (the  32d  Street  Tunnels)  for 
movements  to  and  from  Sunnyside  Yard.  The  Long  Island  Eailroad 
trains,  from  the  tunnels  and  from  Long  Island  City,  pass  through  the 
yard  at  a  higher  level  than  the  yard  tracks,  and  without  grade  cross- 
ings of  any  kind.  In  order,  however,  to  give  access  to  the  yard  from 
all  tunnels  and  in  the  minimum  distance,  it  was  necessary  to  cross 
the  west-bound  32d  Street  over  the  east-bound  33d  Street  Tunnel  near 
the  portals.  Thus  the  yard  may  be  entered  at  either  end  by  the  two 
east-bound  tracks  without  grade  crossings.  A  short  distance  east  of 
the  yard  there  is  a  jump-over  connection  and  junction  with  the  pro- 
posed New  York  Connecting  Eailway,  a  double-track  line  to  connect 
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witli  the  Now  York,  New  Haven  and  Hartford  Railroad  by  a  bridge 
over  Hell  Gate.  The  main  freight  connections  of  the  Long  Island 
Railroad  to  Long  Island  City  pass  around  the  yard  to  the  north,  and 
cross  the  yard  approach  by  overhead  bridges  near  the  tunnel  portals. 

The  main,  or  south,  yard  has  an  idtimate  capacity  for  861  cars, 
and  the  supplemental,  or  north,  yard  has  a  cai)aeity  of  526  cars;  the 
present  capacity,  uunil)er  ef  tnu-ks,  etc.,  are  shdwii  by  the  sunuuiiry 
of  statistics  on  page  732.  The  service  l)uil(lini;s  are  l>et\veen  the  north 
and  south  yards,  as  shown  on  Plate  LXXXVIII.  Fig.  1,  i'late 
LXXXIX,  is  a  view  of  the  south  yard  looking  eastward  from  Honey- 
well Street  Viaduct;  and  Fig.  2,  Plate  LXXXIX,  is  a  view  of  the 
Sunnyside  Yard  buildings  looking  southeastward  from  the  north  yard. 

The  south  yard,  which  is  used  for  cleaning  and  making  up  trains, 
is  provided  with  jilatforms  between  tracks  for  trucking  purposes,  and 
a  complete  jiiping  system  for  air,  water,  and  steam,  as  well  as  con- 
duits and  wiring  for  charging  train-lighting  batteries,  all  having  con- 
nections for  each  car  on  eaeli  track.  All  tracks  in  both  north  and 
south  yards  are  equipped  with  third-rail,  so  that  electric  motive  power 
is  available  throughout  for  shifting  trains.  Fig.  1,  Plate  XC,  is  a  view 
of  the  main  tracks  of  the  Long  Island  Railroad  looking  eastward  from 
Thompson  Avenue  Viaduct,  and  showing  the  entrance  to  the  yard. 
Fig.  2,  Plate  XC,  is  a  view  of  Sunnyside  Yard  looking  eastward  from 
the  tracks  at  the  west  end  of  the  south  yard. 

Piping. — The  piping  and  wiring  systems  are  installed  in  a  i)ernia- 
nent  and  conveniently  accessible  manner.  Thus,  from  the  boiler- 
house  and  auxiliary  power  sub-station  a  cross  jiijie-tunnel  60.3  ft.  long 
has  been  run  at  right  angles  to  the  main  yard  tracks,  with  openings 
to  the  inter-track  spaces  (see  Fig.  11).  Branching  from  this  tunnel 
are  concrete  trenches,  one  between  each  alternate  track,  running  the 
entire  length  of  the  tracks.  In  the  walls  of  the  tunnel  and  trenches 
are  installed  conduits  for  the  battery-charging  wires,  the  system  being 
centrally  operated  from  the  sub-station;  the  tunnels  and  trenches  also 
contain  pipes  for  air,  water,  and  steam.  The  trenches  provide  drainage 
for  surface-water,  and  connect  to  the  yard  sewer  system  at  suitable 
points. 

Water  SuppJi/. — A  complete  local  water  supjdy  is  derived  from 
wells  sunk  within  the  yard  area,  furnishing  sufficient  water  for  all 
the  requirements  of   the  yard,   tip   to   1  000  000  gal.   per   day,   and,  in 
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addition,  the  requirements  of  the  Long  Island  City  power-house,  the 
total  being  about  2  000  000  gal.  per  day.  There  are  two  wells,  each  about 
."^O  ft.  deep.  They  are  operated  by  direct  suction  through  pipes  to  the 
pumps  in  the  basement  of  the  boiler-house.  The  pumps  supply  the 
yard  service  piping  system  direct  and,  by  a  main  line  through  the 
yard,  a  250  OOO-gal.  storage  tank  at  Borden  Avenue,  near.,  the  tunnel 
portals,  and  thence  to  the  Long  Island  City  power-house. 

Yard  Lighting. — The  general  illumination  of  the  yard  is  effected 
by  forty-one  3  000-c.p.  flaming-arc  lamps  of  the  long-buraing  type. 
These  are  mounted  on  steel  poles  from  200  to  350  ft.  apart,  having 
special  reference  to  important  local  points.  Direct  current  at  110 
volts  is  supplied  to  the  lamps  from  the  battery-charging  motor-gen- 
erator sets  in  the  auxiliary  sub-station.  The  interior  of  the  auxiliary 
power  sub-station  is  shown  on  Fig.  1,  Plate  XCI,  and  Fig.  2,  Plate 
XCI,  shows  the  switch-board. 

Yard  Buildings. — The  yard  buildings  have  the  following  func- 
tions : 

(a)  A  sand-house,  equipped  with  sand-drying  stoves,  storage,  and 
pneumatic  elevating  machinery  for  sanding  locomotives. 

Equipment : 

Concrete  bins  for  the  storage  of  2  000  cu.  ft.  of  wet  sand  and 

550  cu.  ft.  of  coal. 
Two  Pennsylvania  Hailroad  standard  sand  dryers. 
Two  pneumatic  dry  sand  tanks,  35  cu.  ft.  each. 
Sand  and  air  piping  complete,  and  connections,  with 
Two  gravity  locomotive  sanding  tanks,  35  cu.  ft.  each. 

(h)  A  carpet  shed,  equipped  with  benches  and  air  cleaners  for 
carpets. 

Equipment: 

Twelve  carpet  racks,  each  12  by  12|  ft.  and  2  ft.  high,  fitted 
with  compressed  air  and  vacuum  nozzles  for  cleaning 
carpets. 

(c)  A  commissary  building  containing  separate  provisions  for  the 
Railroad  and  the  Pullman  Company,  for  the  storage  of  supplies  for 
dining  and  sleeping  cars,  including  a  motor-driven  refrigerating  plant 
with  cold  boxes  for  perishable  supplies.  Also  a  bunk-room  for  Pull- 
man employees. 


Papers.]      i>i:.\N.  i;.  R.  tltnxhls:  .station,  tkack,  yaijds,  i:tc. 


'21 


"3  > 


-  t) 


ov^^yifiyi^//^<;>^/,vii^/;^^/,>^^ 


ti^/iii'" 


728       PENN.   K.    R.   tunnels:   station,  track,   yards,   etc.        [Papers. 

Equipment  of  P.  B.  R.  Section: 

Ten  refrigerator  boxes,  ranging  in  capacity  from  90  to  1  824 
cu.  ft.,  each  equipped  with  direct-expansion  ammonia  coils 
for  keeping  meat,  fish,  poultry,  fruit,  ice  cream,  cheese, 
milk,  butter,  etc. 

Two  motor-driven  refrigerating  machines,  4  tons  each. 

One  3  000-lb.  direct-connected  electric  elevator. 

One  dumb-waiter. 

Two  250-gal.  water  filters,  each  with  two  copper  reservoirs  for 
storing  filtered  M^ater. 

One  two-oven  range  with  heater,  steam  table,  and  kitchen 
equipment  complete. 

Three  separate  toilet-rooms,  with  hot  and  cold  water  and 
fixtures. 

Four  hose  connections  for  fire,  and  75  ft.  of  22-in.  hose,  with 
nozzles. 

General  commissary  storage-rooms,  wine-room,  kitchen,  silver- 
room,  record  storage  room. 

Clean-  and  soiled-linen  room,  linen-repair  room. 

Superintendent's  and  clerks'  ofiices,  kitchen  and  porters'  room. 

Conductors'  room,  waiters'  and  cooks'  room. 

All  rooms  furnished  with  metal  shelving  and  lockers. 

Freight,  team,  and  distributing  platforms  at  each  side  of 
building. 

Equipment  of  Pullman  Section: 

One  general  refrigerator  box,  about  500  cu.  ft.,  with  direct- 
expansion  ammonia  coils,  and  congealing  tanks. 

One  motor-driven  refrigerating  machine,  i  ton  capacity. 

One  3  000-lb.  direct-connected  electric  elevator. 

Three  separate  toilet-rooms,  with  hot  and  cold  water  and 
fixtures. 

Four  hose  connections  for  fire,  and  75  ft.  of  2i-in.  hose  with 
nozzles. 

General  storage-rooms,  soiled-  and  clean-linen  rooms. 

Linen-repair  room,  with  air  and  electric  sewing  machines. 

Carpet-  and  carpet-repair-rooms. 

Commissary-rooms,  plumbers',  carpenters',  and  testing-rooms. 

Superintendent's,  storekeeper's  and  foreman's  rooms. 

Porters'  and  cleaners'  quarters  and  sleeping-rooms. 

(d)  A  general  store-house  for  the  Railroad  Company's  stores  (ex- 
cept oil),  required  for  repairs  in  the  yard  and  cars;  also  lavatories 
and  closets  for  employees. 
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Fig.   1. 


-SuN'NYsrDE  Yard  :  View  of  South  Yard,  Looking  Eastward 

FROM     HONLYWKLL     STRKET    VIADLCT. 


Fig.   2. — Sinnyside  Yard  Buildings:    Looking  Southeastward  from 
North    Yard. 
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Equipment: 

One  5  0()0-]l).  diivi't-foniu'ctod  electric  elevator. 

One  5OUU-II1.  P.  K.  K.  (lorniant  store-room  scale,  :iii<l  |)ortiiliI<; 
store- room  scales. 

One  stationary  triple-valve  test  set,  with  four  portahU;  test  sets 
complete. 

Three  separate  tuilct-roouis  willi  hoi  and  cold  water  and  fix- 
tures, 

Foi'eman's,  storekeeper's  and  clerks"  offices. 

General  store-rooms,  cari)et-rooms. 

Air  brake  and  pipe  fitters",  tin  and  cariicuter  shnjis. 

Car  cleaners'  quarters  and  Im-kcr-roonis  for  hoth  men  and 
women. 

All  rooms  furnished  with  metal  shelving  and  lockers. 

Three  hose  connections  for  fire,  with  50  ft.  of  2i-in.  hose  and 
nozzles. 

Freight,  team,  and  distrihuting  jjlatforms  each  side  of  liuilding. 

(e)  A  battery-repair  house  for  car-lighting  batteries,  with  a  separate 
room  for  charging  batteries  and  for  spare  batteries;  also  a  distilling 

ai)i)aratiis  to  supply  pure  water  fm-  I'etilling  liafteries. 

Equipment: 

Three  14-circuit  switch-board  panels,  for  battery  charging. 

One  I7i-gal.  per  hour  water  still  and  reservoir. 

One  battery  plate  press  and  battery  tools. 

One  motor-driven  emery  grinder  and  buffer. 

One  motor-driven  sensitive  drill  press. 

Two  1-ton  chain  falls  and  trolleys. 

Two  lead-covered  battery  cleaning  benches  with  hot  and  cold 

water. 
Battery  assembling  and  charging  benches. 
Acid  mixing  and  storage  tanks,  lead-lined. 
Train  lighting  and  repair-room,  with  benches  and  tools. 
Lamp-frosting  room,  and  general  store-room. 
Oxygen  and  hydrogen  tanks. 

(f)  A  boiler-house  and  auxiliary  power  sub-station  (shown  on  the 
upper  part  of  Plate  LXXXIII),  containing  boilers  with  feed  pumps, 
water  heaters,  etc.,  for  supplying  steam  for  all  purposes  in  the  .vard; 
also  pumps  for  water  supply  system  and  for  fire  service,  air  compressors 
for  the  air  supply  to  the  yard  and  to  the  signal  system,  and  the  auxili- 
ary sub-station  apparatus,  as  described  under  tlie  hcuding  "Auxiliary 
Sub-station."'     Fig.  12  i-  a  cross-section  of  the  builei--lmiise. 
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Equipment  of  Auxiliary  Sub-station  Section: 

One  10-ton  hand-power  crane. 

Two  1  500-cu.  ft.,  two-stage,  steam-driven,  air  compressors,  with 

inter-coolers,    reservoirs,    traps,    water-cooled    after-cooler, 

and  atmospheric  after-cooler. 
Office,  toilet,  and  locker-rooms,  and  battery-room. 
Three  250-kw.,   110-220-volt,   3-wire,  motor-generator  sets  for 

car  battery  charging,  building  lighting,  and  power. 
Nine  125-kw.,  air-blast  transformers. 
Two  10  000-cu.  ft.  blowers  for  cooling  transformers. 
Thirty-four  switch-board  panels;  52  ultimately. 
Eighteen  car  battery  charging  rheostats;  34  ultimately. 

Equipment  of  Boiler-House  Section: 

Three  500-h.p.  water-tube  boilers,  with  chain-grate  stokers. 

One  20-ton,  motor-driven,  coal  and  ash-handling  conveyor. 

Four  coal  bunkers,  30  tons  each. 

One  20-ton  motor-driven,  coal  crusher. 

One   steel,    brick-lined,    smoke-stack,    200    ft.    high,    9    ft.    in 

diameter  at  top. 
Steel  smoke  flues,  lined  with  reinforced  magnesia  and  retort 

cement. 
One  1  500-gal.,  boiler  feed-water  heater. 
Two  150-gal.,  duplex,  boiler  feed  pumps. 
Soda  ash  system  for  treating  boiler  water. 

Three  500-gal.,  compound,  duplex-service  water  and  fire  pumps. 
One  7i-h.p.  steam  engine,  and  one  10-h.p.  motor  for  driving 

stoker. 
One  steam  whistle,  for  fire  protection. 
One  40-gal.  Chemical  engine. 
One  hose  cart,  and  1  000  ft.  of  2i-in.  hose. 

(fj)  An  oil-house,  containing  tanks  for  storage  of  the  various  kinds 
of  oil  needed  for  lubrication  of  cars  and  machinery,  with  measuring, 
cleaning,  and  pumping  apparatus. 

Equipment: 

Complete  metal  equipment  for  waste,  paints,  and  lamps. 

Ten  long-distance,  self-measuring  pumps. 

Eleven  short-stroke  oil  pumps. 

Twenty-one  oil-storage  tanks. 

One  oil  filter. 

Two  sponging  tanks. 

Complete  oil-handling  system. 
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(h)  An  engine-house,  with  machine-shop,  for  hovising  electric 
locomotives  during  inspection.  It  is  equipiped  with  an  electric  traveling 
crane,  pit  jacks  for  dropping  driving  wheels,  and  machine  tools  for 
light  repairs.  Heavy  locomotive  repairs  and  general  overhauling  are 
to  be  done  at  the  Meadows  Shops  of  the  Company. 

Equipment: 

Offices,  lockers  and  toilet-rooms  with  fixtures. 

Two  inspection  pits. 

One  wheel  pit,  with  pneiimatic  wheel  jack  and  two  air  reser- 
voirs. 

One  25-ton,  three-motor,  electric,  traveling  crane. 

Three  lathes,  one  shaper,  one  boring  machine,  one  framer,  one 
rod  and  box  press,  one  radial  drill,  one  2-spindle  drill 
press,  one  power  hack-saw,  one  grindstone,  two  emery 
grinders,  one  2-ton  crane  and  trolley,  and  all  small  tools. 

(i)  A  wheel  shed,  provided  with  pits  and  air  lifts  for  changing 
wheels  on  coaches,  with  a  wheel-storage  yard  adjoining,  equipped  with 
an  electric  hoist. 

Equipment  : 

Two  wheel  pits,  with  two  pneumatic  wheel  jacks  and  two  air 
tanks. 

Two  inspection  pits. 

One  2-ton,  electric  hoist,  trucks  and  track  facilities,  for  hand- 
ling wheels. 

Yard  Slatistics. — The  following  additional  statistics  relate  to  the 
])hysical  characteristics,  operating  quantities,  etc.,  at  Sunnyside  Yai'd : 

Extreme  length  of  yard 8  815  ft. 

Extreme  width  of  yard 1  625    " 

Area  covered  (3d  Street  to  Laurel  Hill  Avenue) .  .  192  acres. 
Present   length    of   yard   tracks    (excluding   main 

tracks)     25.Y2  miles. 

Length  of  main  tracks  in  yard 11.09      '" 

Ultimate  leng-th  of  yard  tracks    (excluding  main 

tracks)    45.47      " 

Present.  Ultimate. 

Parallel  tracks  in  south  yard 34               77 

"             "         "  north     "     12              42 

Distance  from  Pennsylvania   Station   to  east  en- 
trance of  yard,  via  loop  tracks 4.4     miles. 

Distance  from  west  exit  of  yard  to  Pennsylvania 

Station    8.3        " 
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Present.  Ultimate. 
Xiinihcr  of  curs  caivd  for  daily  in  yard,  for  llMl 

suiniiicr    schedule 400 

Kstiinated    ultimate    daily    capacity    of    yards,    in 

cars  eared  for 1  000 

Standing  room  for  ears  in  yard 503         1  387 

Number  of  street  viaducts  over  yard 5 

Total  length  of  street  viaducts 4  GOG  ft. 

Number  of  yard  buildings 22 

Total  length  of  between-track  platfonus 25  314  lin.  ft. 

"          "        ".  umbrella  sheds  over  platforms...  2  798  "      " 
Number  of  outlets  at  track  for  supplying  cars  with 

steam,  water,  air  and  electric  battery  charging.  800 

Miscellaneous  General  Facilities. 

The  following  operating  faciliti(»s  apply  to  the  Division  as  a  whole, 
and  may  best  be  referred  to  under  a  general  heading. 

Drainage.— Tho  disposal  of  the  leakage  and  storm-water  from  the 
Station  yard  and  the  extensive  system  of  tunnels  presented  an  im- 
Iiortant  problem.     The  conditions  to  be  met  are: 

(a)  The  disposal  of  storm-water  in  the  open  portion  of  the  yard, 
and  at  the  tunnel  portals; 

(/;)  Provision  against  possible  breakage  in  water  mains  or  sewers, 
which  might  cause  flooding  of  the  tunnels  and  yards; 

(c)  The  disjjosal  of  seepage  from  beneath  tlu>  yard  retaining  Avails, 
and  of  leakage  through  the  land  and  river  tunnel  linings,  and  drainage 
into  the  ])ortions  of  the  land  tunnels  which  were  built  without  iron 
lining,  through  pii)es  inserted  for  that  i)nrposc. 

In  estimating  storm-w^ater,  a  rainfall  which  would  produce  a  run-off 
of  3  in.  per  hour  was  taken  as  the  maximum.  In  the  yard  the  estimate 
of  seepage  was  based  on  experience  under  similar  conditions;  in  the 
case  of  the  tunnels,  actmd  figures  were  obtained  after  the  completion 
of  the  tunnel  system.  The  likelihood  of  breakage  in  water  mains  or 
sewers  in  the  streets  around  the  yard  and  at  the  tunnel  portals  was 
carefully  weighed,  having  regard  to  local  conditions,  and  it  was  con- 
cluded that,  given  a  reasonable  capacity  in  the  various  sumps  and 
pumps,  which  are  necesary  to  care  for  the  disposal  of  seepage  and 
storm-water  in  the  different  sections  of  the  tunnels,  there  would  be 
sufficient  reserve  to  care  for  any  probable  emergency  conditions  result- 
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hig  from  pipe  breal^agcs  prior  to  the  time  when  the  water  could  be 
turned  off.  Compared  with  the  possible  quantity  of  storm-water,  it 
has  been  found  that  the  seepage  to  be  cared  for  is  quite  small.  The 
average  seepage  for  each  of  the  different  sections,  at  the  present  time, 
is  given  in  Table  7 ;  these  averages,  however,  may  vary  somewhat. 

TABLE  7. — Tunnel  and  Yard  Seepage. 


Gallons  per  foot  of 
tunnel  per  24  hours. 


East  River  Section  : 

Long  Island  City  Shaft,  Tunnels  1  ami  2. 
3    ..    4 

River  Tunnels,  Lines  1  and  2 

"      3    "    4 

Cross-Town  Section  : 

First  Avenue  Shaft,  Lines  1  and  2 

"  '•  "     3    '■    4 

Station  Yard  Area  : 

Seventh  Avenue  Sump 

Service  Plant  Sump 

Ninth  Avenue  Sump 

Tenth  Avenue  Sump 

Eleventh  Avenue  Shaft 

North  River  Section  : 

Kiver  Tunnels  (2) 

Bergen  HiU  Tunnels  (2) 


Note.— In  this  paper  the  East  River  funnels  are  designated  by  numbers,  instead  of  by 
the  letters  used  in  other  papers;  thus,  as  now  established,  Tunnel  "D"  becomes  "1," 
••C"  becomes  "2,"  "B"  becomes  "3,"  and  "A"  becomes  "4." 

Pumping. — Seventeen  pump  sumps  are  provided  for  the  system, 
from  Hackensack  Portal  to  Sunnyside  Yard;  their  capacities  and 
locations  are  given  in  Table  8.  Fig.  2,  Plate  LXXXII,  is  a  view  of 
the  interior  of  the  Ninth  Avenue  sump,  showing  the  vertical-shaft 
motors  for  the  pumps.  All  pumps,  except  those  at  the  lowest  point  in 
each  of  the  six  subaqueous  tunnels,  are  of  the  submerged  centrifugal 
i^ype,  primed  at  all  times  (see  Fig.  13)  ;  they  are  set  horizontally,  and 
driven  by  vertical  shafts  from  electric  motors  located  in  rooms  above  the 
sumps.  The  motors  operate  by  three-phase,  alternating,  60-cycle  current 
at  440  volts,  supplied,  through  transformers  from  the  11  000-volt  cir- 
cuits for  lighting  and  auxiliary  power,  from  the  Service  Plant.  Each 
motor  is  controlled  by  a  separate  float-switch  which  starts  and  stops  the 
pumps  at  certain  pre-determined  levels  of  water  in  the  sump.  Under 
normal  conditions,  only  one  sump  pump  operates,  but  the  float-switch 
of  the  second  pump  is  set  so  that  the  second  pump  will  start  also,  in 
case  the  quantity  of  incoming  water  is  so  great  that  the  level  keeps 


PLATE    XC. 

PAPERS,  AM.  SOC.  C.  E. 

MAY,  1911. 

GIBBS  ON 

PENN.  R.  R.  TUNNELS:   STATION,  TRACK,  YARDS,  ETC. 


Fig.    1. — Main  and   Loop  Tracks,   L.   I.   R.   R.,    Sunnyside    Yard,    Looking 
Eastward  from   Thompson    Avkni'k   Viaduct. 


Fig.  2. — Sinnyside  Yard:  Looking  Eastward  from  Tracks  of  L.  I.  U.  R.  at 
West  End  of  Soittii   Yard. 
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rising  after  the  first  pump  is  started.  The  floats  being  adjustable,  the 
starting  levels  of  the  pumps  are  interchanged  at  certain  intervals  of 
time  to  insure  all  pumps  being  in  proper  operating  condition.  The 
air-driven  pumps  in  the  subaqueous  tunnels  have  similar  arrange- 
ments, except  that  the  float  operates  a  special  air-valve  instead  of  an 
electric  switch. 

TABLE  8. — Drainage  and  Pumping  System. 


c. 

7. 

H. 

9. 
10. 
11. 
12. 

13. 
14. 
15. 

10. 

17. 


Location. 


Sunnyside  Portal,  Tunnel  No.  4 

Surmyside  Portal.  Tunnel  No.  2 

Sunnyside    Portal.  Tunnels   Nos.  1 

and  3 

Long    Island    City  Shaft,  Tunnels 

Nos.  3  and  4 

Long  Island    City    Shaft,  Tunnels 

Nos.  1  and  3 

1  000ft.  east  of  First  Avenue  Shaft, 
between  Tunnels  Nos.  3  and  4 

|1  000  ft.  east  of  First  Avenue  Shaft, 

between  Tunnels  Nos.  1  and  2 

First  Avenue  Shaft,   Tunnels  Nos. 

3  and  4 

First  Avenue  Shaft,  Tunnels  Nos. 

1  and  2 

Pennsylvania  Station.  Under  tracks 

east  of  Platform  No.  2 

Under   31st    Street,    Pennsylvania 

Station  Service  Plant 

Under  Yard  "  C  "  at  Ninth  Avenue, 

Pennsylvania  Station 

South  Side,  Tenth  Avenue  Portal.. . 

Eleventh  Avenue  Shaft 

2  20O  ft.  east  of  Weehawken  Shaft, 
in  west-bound  tunnel 

2  200  ft.  east  of  Weehawken  Shaft, 

in  east  bound  tunnel 

Weehawken  Shaft 


Capacity   ^  o. 
of  sunip,''g  £ 


gallons. 


26  000 
13  000 

58000 
{•59  000 

i  59  000 

16  000 

16  000 

54  000 

54  000 

31000 

20  000 
[- 100  000 

37  0O0 

I    10  000 
")    38  000 


500 

500 
37  000 


Capacity 

of 

pumps, 

in  gallons 

per 
ndnute. 


500 
250 

500 
100 
1000 
100 
500 

100 

100 

ICO 

200 

2  500 

500 
1250 

250 
4  100 

2.50 
1000 

100 

250 
50 

250 
50 

250 


Horse-power 
of  motors. 


7.5 
5.0 

10.0 

7.5 
40.0 

7.5 
20.0 

6|  by  5  by  10  in. 

6J  by  5  by  10  in. 

7.5 

10.0 

75.0 

15.0 
240.0 

15.0 
100.0 

15.0 

30.0 

7.5 
4i  by  4  by  8  in. 
10  by  8  by  12  in. 
i\  by  4  by  8  in. 
10  by  8  by  12  in. 

15.0 


Speed, 
in  revo- 
lutions 

per 
mmute. 


1  120 
1  120 

1  120 
1  700 
1  130 
1700 
1700 

42 


1  700 

1700 

690 

850 

580 

1700 

690 

1700 

1  120 

1700 

50 

40 

50 

40 

1700 


The  discharge  from  the  centrifugal  pumps  is  piped  to  the  street 
surface  and  thence  to  the  nearest  sewer.  The  discharge  pipe  from  the 
air-driven  pumps  is  carried  on  the  tunnel  bench  to  the  nearest  shaft; 
thence  to  the  surface,  and  to  the  nearest  sewer. 

The  pumps  in  the  subaqueous  tunnels  are  of  the  duplex,  air-driven 
piston  type,  operated  from  the  compressed-air  mains  in  the  tunnels. 
This  type  was  adopted,  rather  than  the  electrically-driven  type,  to 
insure  operation  in  case  the  pump  chamber  became  flooded.  They  are 
of  small  capacity  only,  as  the  quantity  of  water  to  be  handled  is  not 
great. 
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Fh-e  Protection  in  Station  Yard. — The  large  open  area  of  the 
Station  yard  and  the  superior  fire-proof  construction  of  the  buildings 
furnish  a  very  important  fire  barrier  in  the  heart  of  New  York  City. 
This  break  extends  from  Seventh  to  Tenth  Avenues,  a  distance  of 
2  800  ft. 


Fio.  13. 

Tlie  character  of  the  buildings  would  not  seem  to  require  elaborate 
fire  protection,  the  Station  being  of  unusually  non-combustible  con- 
struction, yet  it  was  thought  desirable  to  prevent  any  possibility  of 
even  small  fires  starting  a  jjanic  among  the  passengers,  in  the  build- 
ing or  in  the  trains  under  it,  and,  furthermore,  it  was  desired  to  pro- 
tect the  terminal  as  a  whole  from  the  consequences  of  fire  in  buildings 
on  private  property  surrounding  it.  Therefore,  a  very  complete  fire 
protection  system  was  installed,  both  in  the  building  and  yard. 

The  necessary  water  supply  is  from  two  pumps  in  the  31st  Street 
Service  Plant,  the  fire  piping  system  consisting  of  two  closed   loops, 
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one  supplying  tlic  Station  Building  and  the  uIIrt  the  yard  at  the 
track  level.  These  loops  are  of  10-in.  wi'ought-steel  pipe,  tlie  risers 
being  of  galvanized  steel.  The  mains  are  carried  around  the  building 
in  the  pipe  gallery  or  basement  ct)vering  the  entire  area  under  the 
public  rooms,  and  risers  are  placed  in  special  vertical  chambers  or 
tlues,  where  they  are  readily  accessible.  The  yard  system  leaves  the 
Service  Plant  by  the  subways  under  the  tracks,  from  which  the  pipes 
are  tapped  at  various  points  under  the  platforms,  or  along  the  mar- 
ginal retaining  walls.  About  3  miles  of  piping,  varying  in  size  from 
6  to  2i  in.  in  diameter,  were  required. 

There  are  sixteen  4-in.  stand-pipes  in  the  main  building,  willi  83 
hose  connections.  At  the  track  level  there  are  23  hose  connections 
on  the  station  platforms  and  12  fire-hydrants  in  the  yard  west  of 
them.  The  hose  equipment  for  the  yard  is  stored  in  convenient  form 
for  quick  handling  in  the  various  yard  buildings,  and  the  platform 
hose,  in  100-ft.  lengths,  is  coiled  in  special  housings  at  the  connec- 
tions on  the  columns  supporting  the  buildings.  The  building  hose 
connections  are  provided  also  with  100-ft.  lengths  of  2^-in.  linen  hose 
suspended  from  racks,  and  on  the  roof  100  ft.  of  hose  is  stored  in  two 
centrally  located  hose  houses.  Six  Siamese  connections  are  provided 
at  the  building  corners  to  permit  the  city  fire  engines  to  puni|)  into 
the  stand-pipe  system.  In  addition,  there  is  a  60-gal.  chemical  engine 
with  a  500-ft.  reel  carriage  in  the  baggage  passageway  under  Seventh 
Avenue.     The  total  length  of  hose  equipment  is  aboiit  10  000  ft. 

The  Service  Plant  is  provided  with  a  4-in.  loop  supplying  eleven 
hose  connections  and  five  monitor  connections  on  the  roof,  for  pro- 
tection against  fire  in  adjacent  buildings. 

Hand  chemical  extinguishers  have  been  provided  at  various  places 
in  the  Station,  in  all  buildings  in  the  yard,  and  on  certain  of  the 
platforms.     There  are  131  of  these  extinguishers. 

A  complete  local  system  of  fire-aln nn  boxes  covers  the  Station, 
Service  Plant,  Station  Yard,  and  Sunnyside  Yard.  In  the  Station 
Yard  there  are  20  boxes  located  in  central  positions  in  the  buildings 
and  yard.  There  are  also  two  city  fire-alarm  boxes  in  the  Station 
Building,  and  these  have  been  connected  with  the  general  city  fire- 
alarm  system.  This  system  operates  in  a  closed  circuit,  Avired  in 
loops  of  ten  stations  each,  recording  on  three  gongs,  one  under  the 
main  concourse,  the  second  in   the  Yard  Master's  office,  and  the  third 
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in  the  engine-room  of  the  Service  Plant.  In  addition,  there  are  a 
number  of  punch  registers  and  tap  bells  in  the  offices  of  the  various 
station  officials.  The  boxes  are  of  the  non-interfering,  successive  type 
of  the  Pennsylvania  Railroad  standard  design.  An  alarm  will  be 
responded  to  by  a  special  fire-brigade  organization  in  which  the  men 
are  divided  into  hose-wagon,  chemical-engine,  and  stand-pipe  gangs; 
and,  in  addition,  men  are  specially  designated  to  handle  fire  ex- 
tinguishers. 

Fire  Protection  in  Sunnyside  Yard. — In  the  sub-station  in  Sunny- 
side  Yard  there  are  three  500-gal.  pumps;  one  of  these  is  used  for  sup- 
plying water  for  cleaning  cars  and  other  yard  purposes ;  one  supplies  the 
fire  mains,  maintaining  a  pressure  of  about  80  lb.,  and  the  third  is  held 
in  reserve.  There  are  fire  lines  throughout  the  yard,  with  the  necessary 
hydrant  connections,  and  these  fire  lines  are  entirely  distinct  from  other 
water  lines.  There  are  fourteen  fire-alarm  boxes  throughout  the 
yard,  and  they  operate  visual  indicators  in  the  hose-houses  and  in  the 
various  offices  in  the  buildings,  and  also  the  whistle-blowing  machine. 
Two  hose  carriages  are  provided  at  central  points  for  the  fire  brigade. 
Connection  with  the  city  fire-alarm  system  is  made  through  a  box  in- 
stalled for  the  purpose  in  the  auxiliary  sub-station. 

Yard  Lighting. 

Station. — The  open  portion  of  the  Station  yard  is  lighted  by  18 
flaming-arc  lamps,  supported  about  40  ft.  above  the  tracks  by  brackets 
from  the  retaining  walls,  bridges,  and  certain  other  structures,  so  as 
to  give  a  reasonably  even  distribution  of  light  throughout.  These 
lamps  operate  on  alternating  current  at  220  volts  pressvire,  distributed 
from  the  Station  lighting  mains. 

Sunnyside  Yard. — The  general  illumination  of  the  yard  is  effected 
by  forty-one  3  000-c.p.  flaming-arc  lamps  of  the  long-burning  type,  the 
same  as  in  the  Station  Yard.  These  lamps  are  mounted  on  steel  poles 
from  200  to  350  ft.  apart,  having  special  reference  to  important  local 
points.  Direct  current  at  110  volts,  is  supplied  to  the  lamps  from  the 
battery-charging  motor-generator  sets  in  the  auxiliary  sub-station  of 
the  yard.  i 

Manhattan  Transfer. — This  yard  is  similarly  lighted  by  13  flaming- 
arc  lamps,  mounted  on  concrete  poles.  These  lamps  operate  by  220-volt 
60-cycle,  alternating  current,  furnished  through  transformers  from  the 
2  200-volt  signal  mains,  and  located  in  Signal  Cabins  "N"  and  "S", 
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Fig.    1. — Interior    of    Auxiliary    Power    Sub-Station,    Sunnyside    Yard. 
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Snow- ^felting  System. 
A  supply  of  hydro-carbon  oil  is  carried  in  tanks  in  each  of  the 
three  yards,  and  applied,  as  needed,  to  the  switches,  frogs,  etc.  It  is 
set  on  fire  at  the  points  in  question,  and  this  furnishes  sufficient  local 
heat  to  melt  quicklj'  any  accumxilation  of  snow  and  ice.  In  Sunnyside 
Yard  two  4  000-gal.  storage  tanks  are  placed  underground  in  a  remote 
portion  of  the  yard,  and  from  them  the  oil  is  piped  to  central  points 
near  the  main  switch  systems  at  the  ends  of  the  yard.  At  these  points 
the  oil  is  drawn  into  small  cans  and  thus  conveyed  to  the  switches  for 
local  application.  In  the  Station  yard,  there  is  one  750-gal.  tank  west 
of  Ninth  Avenue;  it  receives  its  supply  of  oil  through  a  pipe  to  the 
tank,  by  wagon  delivery  in  31st  Street.  From  the  tank,  local  distri- 
bution in  the  yard  is  effected  in  small  safety  cans.  At  Manhattan 
Transfer,  one  1  000-gal.  tank  is  located  underground  at  the  west  end 
of  the  yard.  Delivery  is  by  a  short  run  of  piping  to  a  central  point, 
and  thence  to  the  switches  by  hand  safety  cans. 

Electric  Power  System. 

Electric  power  is  needed  for  moving  trains  over  the  Division,  and 
for  a  variety  of  other  purposes.  The  requirements  will  hereinafter 
be  referred  to  as  for  traction  and  for  auxiliary  purposes.  Both  kinds 
can  obviously  be  generated  most  economically  at  a  central  point,  and 
distributed  over  the  division,  by  suitable  transmission  and  distributing 
cable  systems,  to  local  points  or  sub-stations  for  transformation  and 
control. 

The  provisions  for  traction  power  are  of  primary  importance  in  the 
design  and  location  of  a  central  plant,  and  yet  the  provisions  for 
auxiliars'  power  must  be  comprehensive  and  complete,  in  order  to 
insure  uninterrupted  operation  of  the  Division  as  a  whole.  This  later 
power  serves  the  important  operating  purposes  of  motive  power  for 
signals,  lighting  the  Station,  tunnels,  and  yards,  the  operation  of 
motors  for  various  purposes  about  the  Station,  and  for  the  ventilation 
and  drainage  of  the  tunnels  and  yard;  also,  for  secondary  purposes,  in 
charging  car  batteries,  as  well  as  batteries  for  the  telephone  and  tele- 
graph system,  and  baggage  trucks. 

Selection  of  Traction  System. — As  the  use  of  a  tunnel  entrance 
into  New  York  City  was  predicated  upon  the  use  of  electric  traction, 
a  statement  of  the  conditions  to  be  met  and  of  the  investigations 
leading  up  to  the  determination  of  a  proper  system,  and  a  description 
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of  its  general  characteristics,  will  be  of  interest.  In  1902,  when  the 
terminal  work  was  commenced,  there  were  few  practical  examples  of 
heavy  electric  traction  in  existence,  and  none  of  the  magnitude  and 
complexity  of  the  proposed  terminal  operation.  As  it  was  realized 
that  much  experimental  work  would  be  necessary  to  perfect  the  details, 
a  complete  progrannne  to  this  end  was  laid  out  some  years  in  advance 
of  the  time  when  the  actual  installation  of  apparatus  would  be  required.- 

Electrification  of  a  portion  of  the  Long  Island  Railroad  was  begun 
as  a  separate  matter  at  about  the  same  time,  the  system  adopted  being 
the  so-called  "third-rail,"  or  "direct-current."  This  system  is  more 
properly  termed  the  "A.C.-D.C,"  that  is,  high-tension  alternating 
current  is  generated  at  the  power-house  and  transmitted  as  such  to 
sub-stations,  where  it  is  lowered  in  potential  and  converted  into  direct 
current  to  be  fed  into  the  third-rail  system.  This  system  was  practically 
the  only  one  in  a  sufficiently  advanced  state  of  development  to  warrant 
its  adoption  for  heavy  work  at  the  date  in  question.  The  "single- 
phase"  alternating-current  system  was  offered  later  as  a  possible 
advance  in  the  art,  and  was  adopted  on  important  work,  notably  the 
New  York,  New  ifaven  and  Hartford  Railroad  from  its  New  York 
connection  to  Stamford,  Conn.  This  development,  therefore,  demanded 
an  investigation  of  the  relative  merits  of  the  two  systems  for  the  New 
York  Terminal,  and  to  this  end  the  President  appointed,  as  a  Special 
Committee,  the  heads  of  the  Motive  Power  Departments  of  the  Penn- 
sylvania Lines  East  and  West,  and  of  the  Long  Island  Railroad,  to 
co-operate  with  and  report  to  the  writer,  in  determining  the  system 
to  be  used.  A  systematic  plan  was  formulated  for  investigating  the 
practical  behavior  of  the  two  systems,  and,  in  order  to  try  out  certain 
features  of  the  single-phase  system  in  its  application  to  the  tunnel 
conditions,  an  experimental  line  5  miles  in  length  was  constructed  on 
a  branch  of  the  Long  Island  Railroad.  On  this  line  an  equivalent  of  a 
tunnel  section  was  installed  and  equipped  with  a  high-tension  overhead 
conductor;  various  contact  devices  designed  for  sparkless  collection 
of  current  were  tried;  and  a  multiple-unit  motor-car  equipment  and  a 
special  type  of  A.C.  locomotive  were  tested.  The  test  car  and  loco- 
motive, as  well  as  much  other  apparatus,  were  kindly  supplied  by  the 
Westinghouse  Electric  Company. 

The  results  of  the  tests  cannot  be  given  here  in  detail,  but  they 
were  reassuring  in  some  respects  and  disappointing  in  others.     In  the 
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Fig.  1. — Long  Island  City  Power-Holtse. 


Fig.  2. — Engine-Room.  Long  Island  City  Power-House.     3  000-Kvv.  Auxiliary 
Pow'ER  Generators  in  Foreground. 
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main,  they  dciuonstrated  the  need  of  considerable  further  experimental 
work  to  adapt  the  system  to  the  tunnel  and  yard  conditions.  The 
recommendation  of  the  committee  was  for  the  adoption  of  the  "Direct 
Current"  (A.C.-D.C.)  system,  interchangeable  with  that  used  on  the 
Long  Island  Eailroad,  for  the  following  main  and  important  reasons: 

First,  reliability,  from  the  start;  second,  freedom  from  complica- 
tion in  interchange  with  the  Long  Island  traction  system  and  the 
Newark  Eapid  Transit  line  through  the  Hudson  and  Manhattan  tubes 
into  Church  Street,  New  York;  and  third,  less  expenditure  involved  at 
present  and  for  some  time  to  come.  The  above  reasons,  it  should  be 
remembered,  apply  only  to  this  special  installation.  No  broad  generali- 
zation is  intended  for  other  traction  projects,  where  local  conditions 
must  govern. 

.Load  Conditions. — The  load  conditions  include  both  traction  and 
auxiliary  power;  and,  in  case  of  traction  power,  the  requirements  for 
the  Long  Island  Railroad.  Considering  all  these  requirements,  the 
load  center  was  at  a  point  adjoining  the  railway  lines  in  Long  Island 
City  and  not  far  from  the  water-front  of  the  East  River.  It  was  at 
first  proposed  to  establish  two  power-houses,  each  to  relay  the  other, 
under  which  plan  the  location  of  one  house  would  fall  on  the  New 
York  side  of  the  LIudson  River  and  the  other  at  a  point  not  far  from 
Jamaica.  Neither  of  these  locations  was  altogether  suitable,  on  ac- 
count of  difficulty  in  procuring  the  site  in  the  first  mentioned  place,  and 
the  absence  of  water  for  condensing  purposes  in  the  other.  Further- 
more, it  was  found  that,  in  dividing  the  load  between  two  plants,  the 
call  on  neither  one  would  be  sufficient  to  give  reasonable  economy  in 
operation;  the  relaying  feature,  therefore,  of  the  two  power-houses,  in 
the  case  of  the  disablement  of  one  of  them,  was  the  only  important  point 
in  favor  of  such  a  plan.  Experience  has  shown  that  a  properly  de- 
signed plant,  provided  with  suitable  safeguards  against  a  general  break- 
down from  an  accident  to  a  part  of  the  machinery,  and  with  duplicate 
cable  connections  to  the  outside,  can  be  depended  on  to  furnish  an  un- 
interrupted supply  of  power,  except  for  very  infrequent  and  short  in- 
terruptions, in  which  cases  power  supply  can  be  restored  in  less  time 
than  it  would  take  to  obtain  full  relief  from  a  second  plant,  especially 
where  both  are  only  of  moderate  size.  Furthermore,  in  a  great  electric 
traction  center,  such  as  the  City  of  New  York,  it  is  possible  to  estab- 
lish emergency  connections  with  other  power-plants.    In  view  of  these 
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considerations,  therefore,  it  was  determined  to  establish  only  one 
power-liouse  for  present  operation,  and  to  equip  it  to  supply  power  for 
both  traction  and  auxiliary  purposes. 

For  an  emergency  supply  of  power  for  traction,  it  has  been  ar- 
ranged to  connect  the  general  traction  system  at  three  different  points 
with  the  power-plants  of  three  companies,  namely,  the  Public  Service 
Corporation,  in  New  Jersey,  the  Hudson  and  Manhattan  Railroad 
Company,  in  New  York,  and  the  New  York  and  Queens  County  Rail- 
way, in  Long  Island  City. 
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As  an  emergency  supply  for  auxiliary  power  purposes  the  Service 
Plant,  described  elsewhere,  is  equipped  with  generating  apparatus 
capable  of  supplying  all  the  auxiliary  power  required  for  the  entire 
system.  The  combined  load  conditions  for  all  services  are  shown  in 
the  curves,  Figs.  14  and  15;  and  the  central  power-plant  has  been  de- 
signed to  care  for  these  loads  with  suiRcient  reserve  for  ordinary 
emergencies  and  a  limited  amount  of  spare  capacity  in  the  building 
for  growth  of  traffic;  but  it  has  not  been  designed  to  take  care  of  a 
general  extension  of  the  electric  traction  system  to  other  Pennsylvania 
lines.  When  such  extensions  are  made,  additions  can  be  made  to  the 
present  power-house  building,  or,  preferably,  a  new  power-house  can  be 
erected  on  the  New  Jersey  side. 
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Long  Island   City  rower-House. 

Location. — The  Long  Island  City  rower-houso.  Fig.  1,  Plate  XCII, 
is  on  the  East  River,  in  Long  Island  City,  a  location  nearly  central 
to  the  present  load  conditions,  close  to  the  tunnel  lines,  and  requiring 
only  short  cable  connections  to  the  tunnels,  and  thence  over  the  Ter- 
minal  l)i\isiuii. 

The  building  of  this  plant  was  undertaken  some  years  prior  to  the 
completion  of  the  tunnel  system,  in  order  to  care  for  the  electrified 
lines  of  the  Long  Island  Kailroad  into  the  City  of  Brooklyn,  follow- 
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ing  the  completion  of  the  Atlantic  Avenue  Improvement  of  that  road ; 
and  power  from  it  for  this  operation  has  been  furnished  since  1905. 
Recently  additional  equipment  has  been  added  for  the  tunnel  opera- 
tion. 

Foundations. — The  .site  was  partly  under  water,  with  solid  rock 
at  a  depth  of  from  35  to  60  ft.  below  high  water,  the  intermediate 
strata  being  of  clay,  sand,  and  gravel.  It  was  decided  to  use  a  pile 
foundation,  overlaid  with  a  monolithic  concrete  base.  The  piles  were 
spaced  at  2-ft.  centers,  on  an  average,  and  carry  a  load  of  12  tons 
each ;  9 100  piles  in  all  were  used.  They  were  cut  off  below  the 
extreme  low-water  line  and  overlaid  with  a  concrete  mattress  6  ft.  G 
in.  thick,  in  which  about  18  000  cu.  yd.  of  concrete  were  required. 
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Building. — The  building  is  a  steel-frame  structure  with  brick  cur- 
tain-walls. It  is  of  fire-proof  construction  throughout,  with  windows 
of  wire  glass  in  metal  frames.  The  boiler-room  is  double-decked;  the 
engine-room  adjoins,  with  the  switching  galleries  at  the  side  (see 
Plates  XCIII  and  XCIV).  The  coal  is  stored  above  the  boiler-room 
in  pockets  having  5  200  tons  capacity.  The  bunkers  are  of  reinforced 
concrete,  with  partitions  dividing  the  storage  space.  There  are  four 
stacks,  carried  from  the  base  independently  of  the  house.  They  are 
233  ft.  high  above  the  grates  of  the  upper  tier  of  boilers,  or  2T5  ft. 
from  the  base,  with  an  interior  diameter  of  17  ft.  They  are  of  steel, 
brick-lined  to  the  top.  The  coal-handling  plant  is  designed  to  deliver 
coal  into  the  power-house  pockets  from  barges  at  the  water-front  dock, 
although  delivery  from  cars  may  be  made  if  required. 

Fire  Protection.— A.  complete  fire  protection  system  has  been  pro- 
vided, chiefly  because  of  the  possible  hazard  from  adjoining  buildings. 
The  stand-pipe  system  consists  of  6-in.  risers  at  the  corners  of  the 
building  connecting  to  seven  hydrants  on  the  roof  with  monitor  noz- 
zles. There  are  also  two  nozzles  on  the  bridge  of  the  coal  tower  and 
two  at  the  extreme  end  to  protect  the  dock  property.  Six  Siamese 
steamer  connections  are  provided  at  the  street  level,  and  may  be  used 
for  hose  connections  or  for  supplying  the  stand-pipe  system  from  the 
city  fire  department  steamers.  In  the  basement  there  are  two  duplex 
fire  pumps,  each  having  a  capacity  of  1  000  gal.  per  min.,  each  with  a 
10-in.  suction  from  the  river,  and  delivering  into  the  header  for  the 
building  supply.  The  coal  bunkers  are  provided  with  pipe  connec- 
tions for  flooding  in  case  of  necessity. 

Coal  Handling. — A  hoisting  tower  on  the  deck  is  connected  with 
the  house  by  a  bridge,  500  ft.  in  length,  with  its  deck  107  ft.  above 
the  dock;  the  tower  is  170  ft.  high.  Coal  is  hoisted  in  2-ton  self-loading 
buckets,  at  a  speed  of  1  000  ft.  per  rain.,  to  the  weighing  and  crush- 
ing machinery  in  the  tower,  from  which  it  is  delivered  into  the  cars 
of  a  cable  railway  on  the  bridge.  The  machinery  is  capable  of  unload- 
ing and  delivering  into  the  bins  150  tons  per  hour,  and,  for  the  past 
three  years,  the  average  cost  of  handling,  for  labor  and  maintenance, 
has  been  5.40  cents  per  ton.  Ashes  are  delivered  into  a  bin  outside 
of  the  building  and  over  a  railroad  track,  by  a  telpherage  system 
which  hoists  and  transports  the  ash  cars  from  the  boiler-room  base- 
ment. 
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Boilers. — The  present  equipinent  consists  of  tbiity-two  boilers, 
each  of  504  h.p.,  sixteen  on  each  floor,  of  Babcock  and  Wilcox  water- 
tube  type,  built  for  a  working  pressure  of  200  lb.  per  sq.  in.,  and 
fitted  witli  superheaters  for  150  lb.  of  superheat,  and  mechanical 
stokers.  At  the  rear  of  the  boilers  arc  placed  the  economizers,  one 
for  each  two  batteries  of  boilers. 

Tiirho-Llenerators. — Westinghouse-Parsons  steam  turbines  drive  di- 
rectly the  three-phase,  A.C.,  11 000-volt,  25-cycle,  revolving-field  gen- 
erators. Tlie  equipment  initially  installed  to  operate  the  Long  Island 
Railroad  traction  system  consisted  of  three  units  of  5  500  kw.  each, 
at  750  rev.  per  min.  To  care  for  the  increase  of  load  from  the  Ter- 
minal operation,  two  units  were  recently  added.  These  are  double- 
flow  turbines,  direct-coupled  to  11 000-volt,  three-phase  generators  of 
S  000  kw.  capacity  at  750  rev.  per  min. 

Two  3  000-kw.  turbo-generators  of  the  same  type  (Fig.  2,  Plate 
XCII),  generating  three-phase  current  at  11000  volts  and  60  cycles, 
have  been  provided  for  auxiliary  power  purposes;  these  units  relay 
similar  units  in  the  31st  Street  Service  Plant,  and  are  used  either 
for  emergency,  or  in  summer  when  exhaust  steam  from  the  latter 
plant  is  not  needed  for  heating  the  Station  Building.  There  is  space 
in  the  present  building  for  an  additional  unit  of  8  000  kw.,  with  the 
necessary  boilers  and  accessories. 

Condensers. — All  the  turbines  are  condensing.  The  condensers 
for  the  three  original  5  500-kw.  units  are  of  the  "surface"  type,  and 
were  selected  in  order  to  reclaim  the  boiler  feed-water,  as  water  had 
to  be  purchased  and  was  quite  expensive.  Injection  water  is  obtained 
from  the  East  River.  As  was  expected,  the  maintenance  cost  of  these 
surface  condensers  proved  to  be  rather  high,  and  when  the  additional 
units  were  installed  an  opportunity  to  use  "jet"  condensers  economi- 
cally was  afforded  by  the  discovery  of  an  ample  supply  of  good  water 
in  Sunnyside  Yard.  This  supply  is  estimated  to  be  sufficient  to  care  for 
all  power-house  boiler  feed-water  as  well  as  the  yard  requirements. 
The  four  new  units  were  provided  with  jet  condensers  of  the  Le  Blanc 
type. 

Exciters. — Three  separate  sources  of  current  are  provided  for 
exciting  the  fields  of  the  generators :  these  consist  of,  two  steam-driven 
units,  one  motor-driven  unit,  and  a  storage  battery. 

Switching  Apparatus. — The  switching  apparatus  is  in  a  separately- 
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housed  gallery  of  three  floors  and  a  basement.  The  various  cables  are 
brought  out  of  the  conduits  at  the  basement  floor  in  cubicles  to  the 
switches  on  the  floor  above.  Transfoi'mers  for  lighting  purposes  and 
for  the  motor-driven  exciter  are  also  located  on  the  basement  floor,  as 
well  as  the  storage  battery  for  emergency  excitation  and  for  operating 
the  electrically-controlled   switch-board. 

On  the  first  floor  are  mounted  the  main  generator-switches  and  the 
individual  feeder-switches.  On  the  second  floor  are  the  selector- 
switches  to  the  generators,  and  the  selector-group-switches  for  the 
feeders,  also  the  main  bus-bars  and  tie-switches  for  the  same.  On 
the  third  floor  are  installed  the  main  controlling  switch-board  panels, 
instruments,  etc.,  for  controlling  all  generator-feeder-  and  group- 
switches.  This  floor  also  contains  the  motor-driven  exciter  and 
battery-charging  booster,  and  at  one  end  there  is  a  separate  control 
board  for  controlling  the  sub-station  machinery.  Near  the  main 
switches  a  glass-enclosed  bay  is  provided,  from  which  is  afforded  a  full 
view  of  the  engine-room  containing  the  turbo-generators  and  rotary 
converters. 

The  switching  arrangement  consists  in  providing  an  open-ring 
bus  structure,  divided  into  three  sections,  controllable  by  the  oijerator 
through  oil-switches.  The  three  5  500-kw.  generators  and  all  the  switch 
feeder  groups  are  arranged  to  connect  to  either  of  the  two  end  loops, 
and  two  S  000-kw.  generators  are  connected  to  the  middle  sections  of 
the  ring. 

All  feeders  are  arranged  in  groups,  usually  three  feeders  per  group, 
and  connected  through  the  oil  circuit-brealiers  to  group  bus-bars,  which 
in  turn  are  connected  to  the  main  bus-bars  through  selector-group- 
switches.  •  All  the  remote-controlled  switches  and  circuit-breakers  are 
of  the  oil  type,  having  the  contacts  immersed  in  the  oil  chamber  at 
all  times,  which  effectively  extinguishes  an  arc  when  the  switch  is 
broken  under  load. 

The  feeder  cables  which  lead  to  the  Long  Island  Railroad,  where 
the  transmission  is  in  the  main  overhead,  and  where  short-circuits  are 
consequently  more  apt  to  occur,  are  provided  with  auxiliary  switches 
having  resistance  contact,  which,  during  the  opening  of  the  switch, 
serves  first  to  cut  resistance  in  series,  thus  reducing  the  current  before 
the  actual  break  occurs.  The  neutral  points  of  the  generator  winding 
are  connected  to  a  neutral  bus-bar,  which  is  grounded  through  a  suit- 
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able  grid  resistance  adjusted  to  limit  the  flow  of  current  when  the 
line  becomes  grounded. 

The  60-cycle  switching  apparatus  is  similar  in  every  way  to  the 
25-cycle  equipment,  except  that  a  single  set  of  bus-bars  is  used 
and  is  provided  with  knife-switches  for  dividing  the  two  sections  in 
emergencies. 

The  machinery  equipment  of  this  power-house,  excluding  the  trac- 
tion sub-station  (given  elsewhere),  may  be  concisely  listed  as  follows: 

Coal  pocket  at  top  of  building;  capacity,  5  200  tons. 

Thirty-two  564-h.p.  water-tube  boilers,  200  lb.  working  pressure, 

125°  superheat.     Space  for  10  additional  564-h.p.  boilers. 
Boilers  equipped  with  32    Type  D,  Eoney  stokers,   150  in.   wide, 

12  grates  deep. 
Two  8  000-kw.,  11  000-volt,  3-phase,  25-cycle,  turbo-generators,  and 

space  for  one  additional,  for  traction  power. 
Three    5  500-kw.,    11 000-volt,    3-phase,    25-cycle,    turbo-generators, 

for  traction  power. 
Two  3  000-kw.,  11  000-volt,  3-phase,  60-cycle,  turbo-generators,  for 

auxiliary  power. 
One  200-kw.,  motor-driven  exciter. 
One  50-kw.,  motor-driven  exciter. 
Two  200-kw.,  turbine-driven  exciters. 
One  600-ampere-hour,  storage  battery  of  110  cells. 
One  Tirrill  regulator  for  25-cycle  generators. 
One  Tirrill  regulator  for  60-cycle  generators. 
Three  175-kw.,  oil-cooled  transformers. 

Thirteen  1  200-ampere,  11  000-volt,  Type  C,  oil  circuit-breakers. 
Thirty-nine  600-ampere,  11  000-volt,  Type  C,  oil  circuit-breakers. 

Switch-hoard: 

One  bench-board,  eight  panels,  for  control  of  25-cycle  generators; 

and  three  panels  for  control  of  60-cycle  generators. 
Six  25-cycle,  generator  panels. 
Two  60-cycle,  generator  panels. 
Two  25-cycle,  station  panels. 
One  60-cycle,  station  panel. 

Transmission. 

The  transmission  of  electrical  energy  from  the  power-house  is 
entirely  11  000-volt,  three-phase,  alternating  current,  the  traction  power 
being  25-cycle  and  the  auxiliary  power  60-cycle  (see  Plate  XCV).  The 
distribution  of  all  power  is  by  three-conductor,  paper-insulated,  lead- 
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covered  cables,  drawn  into  the  conduits  between  the  switch-boards  and 
the  shafts  communicating  to  the  tunnels. 

Four  iJower  cables  run  from  the  Power-House  direct  to  Service 
Plant  Sub-station  No.  2 ;  three  additional  power  cables  run  direct  from 
the  Power-House  to  Sub-station  No.  3,  at  Hackensack  Portal,  New 
Jersey;  and  two  extension  cables  connect  Sub-stations  Nos.  2  and  3. 
At  Sub-station  No.  3  these  feeders  leave  the  house  in  three  3-phase 
open-wire  circuits  on  the  steel  pole  line,  crossing  the  Meadows  and 
terminating  at  Sub-station  No.  4,  at  Harrison.  All  these  25-cycle 
feeders  are  of  250  000  cir.  mils  section  per  conductor. 

Power  for  the  Long  Island  Railroad  is  supplied  in  a  similar  manner 
through  seven  high-tension  cables  laid  in  the  conduit  system  to  an 
arrester-house  at  the  west  end  of  Sunnyside  Yard,  from  which  open 
circuits  are  continued,  through  suitable  lightning  arresters,  overhead 
on  a  steel  pole  line  through  the  yard  and  thence  to  various  sub-stations 
on  the  Long  Island  electric  traction  system. 

As  before  mentioned,  the  potential  of  the  high-tension  lines  is  from 
11  000  to  12  000  volts,  this  being  sufficiently  high  for  economical  trans- 
mission for  the  distance  at  which  power  is  at  present  used  on  the 
Pennsylvania  and  the  Long  Island  systems;  it  is  a  suitable  potential 
for  direct  generation  without  using  step-up  transformers,  and  is  a 
commercial  voltage  for  insulated  cable.  To  provide  for  the  contingency 
of  an  extension  of  the  traction  system  on  the  New  Jersey  side  beyond 
Newark,  or  for  tie  lines  to  a  future  power-house,  space  has  been  pro- 
vided on  the  pole  line  for  additional  circuits  suitably  spaced  for  33  000- 
volt  transmission.  In  the  event  of  such  requirement,  it  is  intended 
to  provide  step-up  transformers  in  the  Hackensack  Portal  Sub-station, 
and  a  33  000-volt  line  westward  therefrom. 

Auxiliary  power  (60  cycles)  is  transmitted  from  the  power-house 
through  the  tunnels  to  the  Service  Plant  in  a  similar  way  (see  Plate 
XCVI),  by  four  cables,  two  of  these  going  to  the  Service  Plant  direct, 
and  two  to  the  tunnel  shaft-houses  for  tunnel  lighting  and  miscellane- 
ous power.  The  two  cables  to  the  Service  Plant  have  conductors  of 
No.  00  B.  &  S.  section,  and  those  to  the  tunnel  shaft  houses  have  con- 
ductors of  No.  4  B.  &  S.  section. 

As  there  are  four  tunnels  under  the  East  River,  the  25-cycle  and 
60-cycle  cables  are  subdivided  into  groups  and  distributed  through  the 
tunnels  so  that  there  is  a  duplication  of  routes,  as  well  as  cables,  for 
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all  services.  Between  the  power-house  and  the  shafts  the  conduit  lines 
are  divided  into  two  groups  with  separate  manholes,  in  each  of  which 
approximately  half  of  the  cables  of  each  type  are  run.  Similarly,  the 
cables  for  the  Long  Island  transmission  are  kept  entirely  distinct 
from  those  of  the  tuimel  operation. 

Furthermore,  in  providing  cables  for  various  purposes,  by  the  above 
arrangement  each  sub-station  has  three  or  more  traction  power  cables, 
two  of  which  are  ample  to  cany  the  load,  and  the  auxiliary  power 
cables  are  in  duplicate;  thus  there  is  a  margin  of  from  30  to  50%  in 
the  capacity  of  the  cables,  to  provide  against  break-down. 

Each  cable  is  provided  at  each  end  with  a  high-tension,  automatic, 
oil  circuit-breaker,  disconnecting  switches,  and  section  bus-bars,  so  as 
to  give  complete  control  of  the  cables  when  in  operation  and  permit  of 
the  isolation  of  one  or  more  cables  or  sections  of  the  bus-bars  for 
repair  purposes  without  interfering  with  the  operation  of  the  remaining 
cables    and   sections. 

At  splicing  chambers  in  the  duct  system,  and  where  the  cables  are 
exposed  in  the  sub-stations,  the  lead  sheathings  of  the  cables  are  con- 
nected and  grounded  at  intervals  for  protection  against  electrolysis. 

Traction    Sub-stations. 

There  are  four  traction  sub-stations  for  the  Terminal  Division, 
and  their  locations  have  been  fixed  with  reference  to  the  loading  require- 
ments and  by  certain  physical  conditions  along  the  line. 

No.  1  has  been  placed  in  the  Power-House,  and  supplies  the  East 
River  tunnel  lines,  Sunnyside  Yard,  and  the  Long  Island  tracks 
through  the  yard  to  a  point  where  the  load  is  taken  by  the  first  sub- 
station of  the  latter  road.  This  location  secures  economy  in  first 
cost  and  operation  of  the  direct-current  supply  for  this  section.  No.  2, 
in  the  Service  Plant,  adjoins  the  main  yard,  and  is  centrally  located 
for  movements  in  the  yard,  the  East  Eiver  and  North  River  Tunnels. 
No.  3  is  at  the  Hackensack  Portals,  because  of  the  desirability  of 
having  the  power  supply  near  the  tunnel  grades,  and  in  order  to 
permit  of  changing  from  underground  cables  to  overhead  line  construc- 
tion at  the  first  point  where  such  a  change  was  permissible ;  it  obviates 
separate  provisions  for  housing  switching  apparatus  and  for  lightning 
protection  at  a  point  between  sub-stations.  No.  4  is  at  the  junction 
of  the  Terminal  and  the  Now  York  Divisions,  making  it  available  for 
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supplying  power,  not  only  to  the  Teraiinal  Division,  but  for  the  Rapid 
Transit  line  between  Newark  and  Jersey  City,  in  connection  with  the 
Hudson  and  Manhattan  Company's  tunnels  to  Church  Street,  Man- 
hattan.   Plate  XCVII  shows  the  interior  of  this  sub-station. 

TABLE  9.— Sub-Stations. 


Sub-Station. 


Location 

Incoming  high-  tension 
feeders 

Outgoing  high-  tension 
feeders 

High-tension  lightning  ar- 
resters  

Size  of  rotaries 

Number  of  rotaries 

D.  C.  voltage 

Main  transformers •! 

No.  of  transformers 

Starting  transformers 

No.  start,  transformers 

No.  H.  T.  panels 

No.  rotary  panels 

No.  aux.  power  panels 

No.  DC  feeder  panels 

No.  load  panels 

No.  blowers 

No.  motor-generating  sets 

Size  control  battery 


No.  1. 


Long  Island 
City  Power- 
house. 


2  000-kw.,  6-Ph. 
3 
650 
750-kw.,  air- 
blast. 
9 
135-kw..  CISC. 
3 
0 
4 


11 

1 

2-20  OOO  cu.  ft. 


No.  2. 


Service  Plant. 

4 

2 


2  000-kw.,6-Ph. 
3 
650 
750  kw.,  air- 
blast. 
9 
rs-kw.,  CISC. 
3 
4 
4 


19 

1 

2-20  000  cu.  ft. 


No.  3. 


I  Hackensack 
I       Portal. 


2  000-kw..  6-Ph. 
3 
650 
750-kw.,  air- 
blast. 
9 
75-kw.,  OlSC. 
3 
8 
4 
2 
6 
1 
2-20  000  cu.  ft. 

1 
20-amp.,  55-cell 


No.  4. 


Harrison. 


3 

2  000-kw.,  8-Pk. 

3 
650 
750-kw.,  air- 
blast. 

9 
75-kw.,  CISC. 

3 

3 

4 

2 

9 

1 
2-20  000  cu.  ft. 

1 
20-amp.,  55-cell. 


Equipment.- — In  each  of  the  sub-stations  there  are  installed  high- 
tension  switching  apparatus,  step-down  transformers  of  the  air-blast 
type,  and  three  2  000-kw.  rotary  converters  for  converting  the  alternat- 
ing into  direct  current  for  traction  purposes,  also,  the  necessary  low- 
tension  switching  apparatus  for  controlling  the  out-going  direct  current 
to  the  various  third-rail  feeders.  The  normal  direct-current  voltage  is 
050,  and  the  machines  are  designed  with  special  reference  to  the 
fluctuating  nature  of  the  traction  load,  and  will  operate  up  to  200% 
overload.  Two  of  the  rotaries  in  each  sub-station  will  carry  the  load 
on  that  sub-station,  the  third  being  in  reserve,  and  space  is  provided 
in  the  buildings  for  an  additional  machine  when  required. 

The  apparatus  has  been  arranged  with  special  reference  to  economy 
in  the  number  of  attendants  required  in  the  operation,  the  machinery 
and  switch-boards  being  on  the  same  floor.  In  all  sub-stations  the  high- 
tension  circuit-breakers  are  remote-controlled  electrically  from  the 
switch-boards,  and  in  Nos.  1  and  2  the  direct-current  switches  and 
breakers  are  operated  by  small  motors  and  are  remote-controlled. 
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Auxiliary   Power   Sub-stations. 

There  are  si.x  sub-stations  at  convenient  points  for  supplying  the 
tminels  and  yards  with  auxiliarj^  power  for  the  various  purposes 
described  elsewhere;  they  have  been  designated  by  letters  in  order  to 
distinguish  them  from  the  traction  sub-stations. 

Auxiliary  Substation  "A." — Sub-station  "A"  is  in  Sunnyside  Yard, 
and  is  the  only  one  using  25-cycle  current.  The  11  OOU-volt,  3-phase, 
25-cycle  power  is  obtained  from  two  of  the  overhead  Long  Island 
Kailroad  feeders  passing  the  yard;  it  is  stopped  down  in  suitable  trans- 
formers, and  converted  by  three  250-kw.  motor-generators  into  110  to 
220-volt,  3-wire,  direct-current  power  for  charging  train  batteries, 
yard  and  building  lighting,  operation  of  elevators,  and  for  miscellane- 
ous motors  for  driving  machine  tools,  cranes,  refrigerating  jjlant,  etc. 

TABLE  10. — Auxiliary  Power  Sub-Stations. 


Designation. 

"A" 

"B." 

"C." 

"D." 

"E." 

"  F." 

( 
Location \ 

i 

Sunnyside 
Yard. 

L.  L  Shaft 
House, 
3  and  4. 

1st  Ave. 

Shaft 

House, 

3  and  4. 

1st  Ave. 

Shaft 

House, 

1  and  2. 

11th  Ave. 
Shaft. 

Weehaw- 
ken  Shaft. 

11  000- volt  feeders.  ] 

Two  25- 
cycle. 

Two  60- 
cycle. 

Two  60- 
cycle. 

Two  60- 
cycle. 

Two  60- 
cycle. 

Two  60- 
cycle. 

Transformers \ 

Nine  125- 
kw. 

Two  125- 
kw. 

One  125- 

kw. 
One  75-kw. 

One  125- 

kw. 
One  75-kw. 

Two  75- 
kw. 

Two  75- 
kw. 

Motor  Generators.  \ 

Three  250- 

\ 

Horse  Power  of  mo- 

tors supplied 

250 

206.5 

105 

110 

87.5 

140 

Switch-board  panels 

34 

4 

2 

2 

2 

2 

Arc  lamps  supplied. 

eo 

Approximate    num 
ber    of     incandes 

cent  lamps 

1  100 

1  100 

625 

625 

300 

800 

Baiiery       charging 

outlets 

450 
220 

'"'446' 

""446" 

■446' ' 

"446" 

Voltage  of  motors. . . 

440 

Voltage  of  lamps 

110 

32 

32 

32 

32 

32 

The  car-battoiy  charging  switch-board  in  this  plant  is  worthy  of 
special  mention.  The  placing  of  cars  at  fixed  positions  required  that 
their  lighting  batteries  should  be  charged  at  any  point  in  the  yard, 
covering  thirty-four  tracks,  with  a  total  trackage  length  of  Y  miles. 
In  order  to  reach  any  car,  it  was  necessary  to  provide  circuits  from 
a  central  point  to  outlets  approximately  70  ft.  apart  at  each  track,  and 
to  make  provision  in  the  sub-station  for  a  controlling  switch-board 
of  34  panels.  On  these  are  mounted  476  five-point  switches,  which 
connect  through  suitable  resistances  to  the  respective  outlets  at  the 
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tracks  for  regulating  the  current  supplied  to  each  battery.  On  these 
panels  means  are  also  provided  for  indicating  the  charging  current 
and  voltage  on  each  circuit.  The  board  was  specially  designed  to  occupy 
the  iniiiiuium  space,  the  34  panels  requiring  a  length  of  only  68  ft. 

Auxiliary  Sub-station  "B."- — Sub-station  "B"  is  in  the  house  over 
the  shafts  of  Tunnels  Nos.  3  and  4,  at  Long  Island  City.  It  is  con- 
nected with  the  Power-House  by  two  feeders.  Step-down  transformers 
are  installed  to  supply  power  at  440  volts,  3-phase,  to  operate  motors 
at  the  shaft  sumps  and  at  the  Sunnyside  Yard  portals  of  the  tunnels; 
also  motors  for  operating  the  ventilating  fans  at  this  point.  The  same 
transformers,  by  a  connection  to  the  neutral  point,  supply  252-volt, 
single-phase  current  for  lighting  the  tunnels.  From  this  sub-station 
one  3-phase,  11  000-volt  cable  is  run  through  each  of  the  four  tunnels 
to  Auxiliary  Sub-stations  "C"  and  "D";  two  to  each  sub-station. 

Auxiliary  Substations  "C"  and  "D." — Sub-station  "C"  is  over  the 
First  Avenue  shaft  of  Tunnels  Nos.  3  and  4,  and  "D"  is  over  the  shaft 
of  Tunnels  Nos.  1  and  2.  Two  sub-stations  were  provided  at  this 
point  because  it  was  not  feasible  to  connect  the  two  shaft-houses  by 
ducts  and  power  cables,  as  was  done  at  Long  Island  City.  These  sub- 
stations are  similar  to  "B,"  except  that  there  are  no  outgoing  11  000-volt 
cables.  In  each  of  these  sub-stations  is  installed  a  step-down  trans- 
former for  supplying  alternating-current  power  to  the  fan  and  pump 
motors  and  for  the  tunnel  lights. 

Auxiliary  Sub-stations  "E"  and  "F." — Sub-stations  "E"  and  "F" 
are  at  the  Eleventh  Avenue  and  Weehawken  shafts,  respectively,  of  the 
North  River  Section,  and  are  supplied  with  11  000-volt  current  by  two 
cables  from  the  Service  Plant.  These  cables  are  tapped  into  Sub- 
station "E"  at  the  Eleventh  Avenue  shaft,  and  terminate  at  Sub- 
station "F."  Each  sub-station  is  equipped  with  lowering  transformers 
for  operating  motors  for  sump  pumping,  ventilating,  and  tunnel 
lighting. 

Switching  Stations. 

Intermediate  between  the  traction  sub-stations  are  located  switching 
stations,  in  chambers  built  in  the  tunnel  system,  and  in  small  buildings 
adjacent  to  the  line  in  the  open.  These  stations  are  not  provided  with 
attendants;  they  contain  switches  for  sectionalizing  and  cross-connect- 
ing the  direct-current  third-rail  system.  With  two  exceptions,  the 
stations  are  equipped  for  the  remote  control  of  switches  and  circuit- 
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breakers,  and  are  operated  from  the  nearest  traction  sub-station  by 
special  control  circuits,  the  two  which  are  provided  with  hand-controlled 
switches  are  at  or  near  signal  cabins,  and  are  operated  by  the  signalman. 

TABLE  11. — Savitching  Stations  (Tfiird-Kail  System). 


No. 


l-A 
2-A 

2-B. 

3-A 
3B. 
4-A 

4-B. 


Location. 


No.  of 
main  line 
feeders. 


No.  of 

yard 

feeders. 


4  000-Ampebe    Circuit- 
Breakers  : 


Hand- 
operated. 


Remote- 
controlled. 


Sunnyside  Yard 

Tunnel  No.  3  west  of  First  Avenue 
Shaft 

Tunnel  No.  3  west  of  First  Avenue 
Shaft 

East  of  Weehawken  Shaft 

Secaiicus 

Hackensack  River 

Signal  Cabin  "  N  '",  Manhattan  Trans- 
fer  


Distribution  and  Control. 

Distributing  Circuits. — In  general,  the  direct-current  traction  feeder 
circuits  consist  only  of  the  third-rail  and  track  return,  with  short  cable 
connections  between  the  sub-stations  and  the  third-rails  and  tracks, 
these  being  sufficient  to  carry  the  currents  without  excessive  losses.  The 
only  exception  is  between  Sub-stations  Nos.  3  and  4,  where  the  distance 
is  such  that  it  is  necessary  to  supplement  the  third-rail  and  track  return 
by  a  positive  and  negative  feeder;  these  are  each  of  2  000  000  cir.  mils 
section,  and  are  carried  on  the  high-tension  pole  line.  The  return  feeder 
is  continuous  between  sub-stations,  with  a  connection  to  each  track  at 
each  automatic  signal.  The  positive  feeder  is  omitted  between  switch- 
ing stations. 

It  is  necessary,  in  order  to  avoid  undue  current  loss  or  excessive 
first  cost,  to  connect  all  sub-stations  in  parallel  through  the  third-rail, 
and  to  interconnect  the  third-rails  of  the  two  tracks  at  intermediate 
points  between  sub-stations.  An  accident,  such  as  the  grounding  of  the 
third-rail,  under  these  conditions,  however,  would  ordinarily  affect  the 
entire  section  of  line;  in  order,  therefore,  to  secure  the  advantages  of  the 
interconnected  system,  and  at  the  same  time  to  permit  of  ready  isola- 
tion of  any  section  of  track  without  interfering  with  operation  on  the 
adjacent  tracks,  a  system  of  sectionalizing  was  installed.  To  do 
this,  the  switching  stations  above  refered  to  have  been  provided,  in 
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addition  to  the  normal  switching  apparatus  in  the  sub-stations;  and 
the  connections  at  the;  switching  stations  are  such  that  by  remote  con- 
trol the  operator  in  any  sub-station  has  complete  control  of  each  sec- 
tion of  track  between  that  sub-station  and  the  nearest  switching  sta- 
tion. The  circuit-breakers  are  also  automatic  at  both  points,  so  that 
on  over-load  or  short-circuit  the  section  afiected  is  cut  out  only  be- 
tween the  sub-station  and  the  nearest  switching  station,  and  on  one 
track  only. 

To  restore  the  section  after  the  over-load,  the  operator  closes  a  switch 
in  the  sub-station,  and  this,  through  the  remote-control  circuit,  actuates 
the  switch  in  the  switching  station.  At  the  hand-operated  switching 
stations,  the  switches  are  closed  by  the  signalmen  on  receiving  instruc- 
tions from  the  sub-stations. 

At  the  yards  a  complete  system  of  sectioning  is  also  provided.  This 
is  especially  necessary  because  of  the  multiplicity  of  tracks,  and  the 
necessity  for  isolating  a  limited  section  only,  which  may  be  affected 
by  the  accident.  In  the  station  yard  the  tracks  are  divided  into  twenty- 
one  sections,  as  shown  on  Plate  XCVIII,  and  these  are  planned  so  that 
an  accident  on  any  one  section  will  not  interfere  with  through  movements 
on  the  main  tracks,  and  will  not  isolate  an  undue  portion  of  the  station 
tracks.  The  station  yard  sectioning  is  effected  by  switches  in  the  Ser- 
vice Plant  Sub-station,  and  under  the  control  of  the  operator  there. 
Similarly,  the  third-rails  of  the  Sunnyside  Yard  tracks  are  divided  into 
seven  sections,  controlled  in  the  yard  switching  station. 

Third-Bail  Sectioning  Switches. — In  addition  to  the  provisions  for 
sectioning  and  cross-connecting  the  third-rails,  as  above  described,  this 
rail  in  each  tunnel  is  sub-divided  into  sections,  each  about  1  500  ft.  in 
length,  by  quick-lireak  knife-switches.  These  are  located  approximately 
at  each  of  the  signals,  and  where  the  signals  are  far  apai't  they  are 
placed  half  way  between.  They  are  normally  closed,  but  may  be  opened 
in  emergencies,  such  as  wreck  or  derailment,  or  the  grounding  of  the 
third-rail,  so  as  to  localize  the  trouble  and  allow  trains  not  immediately 
within  this  section  to  be  operated  out  of  the  tunnel,  and  also  to  allow 
electric  wrecking  trains  to  be  operated  close  to  the  point  of  derailment 
to  assist  in  clearing  up  the  wreck,  or  to  haul  stalled  equipment  from 
the  tunnels. 

"Power  Off"  Sig7ials. — In  connection  with  the  sub-division  of  the 
third-rail  into  sections  controlled  from  sub-stations  and  switching  sta- 
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tions,  provisions  liave  bccii  iiiiulo  to  prevent  a  train  frnin  running  on  a 
dead  section  of  third-rail.  To  do  this,  the  rail  is  sectioned  at  certain 
of  the  automatic  si^ials,  and  a  relay  is  provided,  with  connections  to 
the  third-rail  and  to  the  signal,  to  which  the  circuits  are  arranged  so 
that  when  the  rail  is  dead  the  signal  indication  will  be  "Stop,"  and  at 
the  same  time  a  gong  will  ring  at  the  signal  to  notify  the  motorman, 
when  he  bring-s  his  train  to  a  stop,  that  he  is  not  to  proceed.  Where 
the  sections  occur  at  interlnckings,  the  indication  is  given  to  the 
operator  in  the  signal  cabin. 

Tunnel  Alarm  System. — Certain  conditions  may  occur  when  it  may 
be  desirable  to  cut  oif  the  current  from  the  third-rail  because  of  a  high- 
resistance  ground  or  a  short-circuit  which  does  not  pass  sufficient  cur- 
rent to  actuate  the  automatic  circuit-breakers  in  the  sub-stations  and 
switching  stations,  or  when  there  may  be  danger  of  injury  to  workmen 
or  others  by  accidental  contact  with  the  third-rail.  In  such  emergencies 
the  tunnel  alarm  system  permits  of  immediately  making  the  third-rail 
dead.  The  details  of  this  system  are  described  in  the  section  devoted 
to  "Tunnels." 

Third-Eail  and  Track  Eeturn. 

The  Terminal  operation,  as  elsewhere  explained,  required  through 
service  with  the  existing  traction  system  of  the  Long  Island  Railroad, 
comprising  more  than  100  miles  of  electrified  track.  The  top-contact 
type  of  third-rail  is  in  use  on  this  latter  road,  and  has  been  found 
satisfactory,  the  cost  of  maintenance  being  very  low,  and  it  has  the 
important  advantage  of  simplicity  of  parts,  flexibility,  ease  of  main- 
tenance and  installation,  and  is  easily  repaired  in  cases  of  derailment. 
Third-rail  location  and  clearances  have  been  standardized  by  the  Ameri- 
can Railway  Association,  and,  as  a  matter  of  course,  the  Long  Island 
and  the  Terminal  Railroad  installations  have  been  made  to  conform 
therewith. 

Rail  Section.— On  account  of  the  very  heavy  currents  used  for  indi- 
vidual trains,  and  the  density  of  traffic,  it  is  necessary  to  have  large 
current-carrying  capacity  and  conductivity  in  the  collector  system. 
The  capacity  is  in  part  fixed  by  the  distance  between  the  feeding  points, 
and  the  required  conductivity  may  be  provided  either  by  a  light  third- 
rail,  supplemented  by  copper  feeders,  or  a  rail  of  large  cross-section  and 
special  composition,  which  in  most  cases  would  require  no  supplemental 
feeders.    The  latter  arrangement  was  adopted  as  being  more  economical 
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in  first  cost  and  of  greater  simplicity.  The  rail  section  used  on  the 
main-line  tracks  is  the  heaviest  yet  adopted  for  traction  purposes,  being 
150  lb.  per  yd.,  and  of  special  chemical  composition,  low  in  carbon  and 
other  hardeners,  giving  a  resistance  of  about  eight  times  that  of  copper, 
instead  of  about  twelve  times,  as  in  the  ordinary  track  rail. 

The  rail.  Fig.  16,  is  a  T  section  having  a  vertical  height  of  4  in. 
and  a  lower  flange  width  of  6  in.,  making  a  section  which  allows  for 
ample  insulation  from  the  track  ties,  and  is  stable  against  overturning; 
it  also  provides  for  a  simple  form  of  splice,  and  convenient  bonding  at 
the  joints.  In  the  yards,  where  the  large  section  is  not  needed  for  con- 
ductivity, and  where  it  is  desirable  to  have  the  maximum  of  clearance 
for  signal  and  other  apparatus  along  the  track,  the  section  consists  of 
25-lb.  standard  Bessemer  T-rails,  Fig.  17,  mounted  in  an  inverted  posi- 
tion, the  foot  of  the  rail  constituting  the  contact  surface. 

Insulators. — Experience  on  the  Long  Island  Railroad  and  elsewhere, 
with  various  types  of  insulators,  has  resulted  in  the  adoption,  by  the 
Terminal  Railroad,  of  a  simple  and  substantial  form  of  insulating  block 
for  supporting  the  third-rail.  These  blocks  are  of  porcelaixi,  made  by 
the  "dry"  process,  which  gives  a  very  tough  and  mechanically  strong 
insulator,  with  ample  and  permanent  insulating  qualities.  For  the 
open  sections  of  the  road  a  simple  rectangular  block  with  rounded  cor- 
ners is  vised;  in  the  tunnels,  where  in  places  there  is  dampness  due  to 
condensation,  or  salt  seepage- water,  a  petticoat-type  insulator  is  used, 
which  furnishes  a  more  extended  surface  to  provide  against  leakage  of 
current. 

Bonding. — The  heavy-section  rail  is  bonded  with  ribbon-type,  com- 
pressed, terminal  foot-bonds,  four  to  a  joint,  having  a  conductivity 
equivalent  to  80%  of  that  of  the  third-rail.  The  light-section  rails  for 
tlie  yards  are  bonded  with  the  protected-type,  pin-terminal  cable-bonds. 

Protection.- — The  third-rails  throughout  are  protected  by  a  continu- 
ous plank  carried  on  wrought-iron  brackets  secured  to  the  third-rail 
ties,  as  shown  by  Figs.  16  and  17.  On  the  open  line,  this  plank  is  of 
yellow  pine,  but,  in  the  tunnel,  Jarrah  wood,  imported  from  Australia, 
has  been  used,  because  of  its  slow-burning  qualities. 

Connections. — The  connections  to  the  third-rail  from  sub-  and  switch- 
ing stations  are  made  by  insulated  cables  of  2  000  000  cir.  mils  section 
for  the  heavy  rail,  and  1  000  000  cir.  mils  for  the  light  rail.  The 
cables  terminate  in  special  porcelain  "pot-heads"  from  which  flexible 
cables  are  connected  to  the  third-rail  by  bond  terminals. 


I 
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Trade  Bonds. — Throughout  the  main  tracks,  both  rails  of  each  track 
are  bonded;  in  the  yards,  however,  as  elsewhere  explained,  only  one  rail 
is  bonded.  In  the  open,  where  there  is  danger  of  theft  of  copper,  the 
bonds  are  of  the  protected  type,  placed  under  the  joint  angle-bars;  in 


To  Gauge        „ 
-Track  Kail  25ii 


SECTION  OF  THIRD  RAIL  AND  PROTECTION 
FOR  YARD  TRACKS. 
Fig.  17. 

the  tunnels  and  terminal  yard,  from  which  the  public  is  excluded,  long 
cable  bonds  are  run  around  the  angle-bars.  All  bonds  are  of  wire  cable, 
provided  with  forged  copper  terminals,  and  are  secured  in  drilled  holes 
in  the  rails  by  steel  pins  driven  through  the  center  of  the  heads.     As  a 
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matter  of  interest,  it  will  be  noted  that  there  was  great  difficulty  in 
drilling  the  open-hearth  steel  rails  for  these  connections;  it  was  found 
that  tools  suitable  for  Bessemer  rails  would  drill  only  from  two  to  four 
holes  in  the  open-hearth  rails;  therefore  special  steels  had  to  be  used 
for  the  drill  bits. 

TABLE   12.— Eail   Bonds. 


Weitrlit 
of  rail. 

Kail. 

Type  of 
terminal. 

Application. 

Bonds, 

per 
joint. 

Circular 

mils, 

over  bond. 

Length 
of  bond, 
in  inches. 

150-lb 

lOO-Ib 

Third 

Track 

Third.';!!!; 

Compressed . . . 
Pin 

Exposed 

Protected  

Exposed 

Protected 

Exposed 

4 
2 
2 
2 
2 
2 
2 

450  000 
273  897 
400  000 
300  dOO 
300  000 

0000  B.&R. 
OOB.&S. 

5  and  10 
20  and  2.5 

lOO-lb 

.. 

49  and  53.25 

lOO-lb 

I. 

■ib 

85-lb 

u 

15 

2o-lb 

11 

12 

25-lb 

>1 

24.25 

Overhead  Third-Kail. — In  order  to  provide  continuous  power  sup- 
ply to  electric  locomotives  passing  through  certain  cross-overs  and 
the  ladder  tracks  of  the  Station  yard,  it  was  found  necessary  to  sup- 
plement the  usual  ground  third-rail  construction  by  sections  of  over- 
head contact;  the  arrangement,  furthermore,  permits  of  the  simplifica- 
tion of  the  contact  system  in  the  complicated  special  work  of  the 
tracks,  reduces  the  number  of  cable  cross-connections,  and  allows 
more  space  for  the  installation  and  care  of  switch-operating  apparatus. 
In  general,  it  has  been  designed  to  give  continuous  contact  through 
all  ladders  and  for  important  locomotive  switching  movements,  but, 
for  minor  movements  and  single  or  two-car  multiple-unit  operation  it 
has  been  assumed  that  coasting  over  gaps  in  the  ground  third-rail 
will  be  permissible. 

The  overhead  contact  consists  of  a  25-lb.,  standard-section  T-rail, 
hung  flange  downward  through  insulators  from  longitudinal  lattice 
box-girders.  Under  the  buildings  and  viaducts  these  girders  are  sup- 
ported by  the  floor  structure,  and  in  the  open  yard  they  are  carried 
by  cross-girders  supported  by  cohmms  between  tracks.  To  reduce 
the  number  of  columns,  the  cross-girders  are  designed  in  part  as 
simple  spans,  and  in  part  as  cantilevers,  and  the  longitudinal  system 
as  cantilever  trusses  having  curved  top  chords.  The  structure  carries 
generally  two  parallel  lines  of  third-rail,  one  for  each  of  the  tracks 
of  the  double  ladder  systems;  and  in  many  locations  it  is  used  as  a 
support  for  the  interlocking  and  block  signals.     Reinforced  concrete 
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fenders  have  been  placed  at  the  approach  in  either  direction  about  the 
lower  portions  of  all  columns,  as  a  protection  against  damage  from 
derailment  of  rolling  stock. 

The  locomotives  are  equipped  with  air-operated,  overhead,  panta- 
graph  shoes,  which  may  be  raised  by  the  motorman  when  desired,  to 
make  contact  with  the  rail,  and  the  contact  surface  of  the  latter  is 
sheathed  with  heavy  sheet-copper,  in  order  to  reduce  sparking  when 
heavy  currents  are  thus  drawn.  Multiple-unit  motor  cars  have  not 
been  provided  with  top  contact  shoes.  No  overhead  contact  system  has 
been  found  necessary  in  the  Sunnyside  or  Manhattan  Transfer  Yards. 

The  following  are  general  data  relating  to  the  Station  yard  over- 
head system: 

Total  length  of  contact  system 3  930  ft. 

Total      "        "        "        surface 6  210    " 

Number  of  sections  of  rail 86 

Distance    from    top    of    track    rail    to    contact 

surface    15  ft.  4  in. 

Distance  from  top  of  track  to  bottom  chord  of 

structure    16  ft.  7  in. 

Length  of  complete  cantilever  span 122  ft. 

Depth  of  cantilever  at  supports 6    " 

Depth  of  cantilever  at  middle 3    " 

Width  of  cantilever 3    " 

Number  of  columns  required  for  entire  system.  12 

Conduit  System. 

Throughout  the  tunnels  and  terminal  area  all  cables  for  power, 
and  telephone  and  telegraph  service,  are  run  in  a  permanent  system 
of  tile  conduits,  described  in  detail  as  to  their  constructive  features 
in  other  papers.  There  are  in  all  approximately  400  duct  miles  of 
power  conduits  and  600  duct  miles  of  telephone  and  telegraph  conduits. 
The  general  scheme  involved  in  their  planning  is  as  follows : 

Power  Conduits. — The  system  of  power  conduits  originates  at  the 
Long  Island  City  Power-House,  from  which  two  separate  banks  of  tile 
ducts  are  run  to  the  four  water-front  tunnel  shafts.  At  these  points 
vertical  pipe  conduits  are  embedded  in  the  shaft  linings  and  connect  to 
the  splicing  chambers  of  the  ducts  in  the  tunnel  benches.  The  ducts 
extend  in  one  bench  of  each  tunnel  eastward  to  the  portals  in  Long 
Island  City  and  westward  to  the  throat  of  the  yard,  near  Seventh 
Avenue.     From   this  point  they   are   continued   westward   below   the 
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yard  sub-grade  to  a  point  opposite  the  Service  Plant  between  Seventh 
and  Eigrhth  Avenues;  thence  southward  to  the  splicing  chambers  in 
the  basement  of  this  building.  The  arrangement  of  ducts  is  similar 
through  the  yard  to  the  North  River  Tunnels  and  through  them  to 
the  Hackensack  Portal ;  thence  they  run  along  the  walls  of  the  approach 
and  into  Sub-station  No.  3,  where  the  duct  lines  terminate.  The  con- 
duit system  above  described  furnishes  housing  for  all  classes  of  high- 
tension  cables,  and  permits  of  dividing  the  cables  into  groups,  so  that 
independent  duplicate  routes  are  provided  to  each  power-transforming 
point. 

Telephone  and  Telegraph  Conduits. — A  similar  system  has  been 
provided  for  other  than  power  purposes,  such  as  telephone  and  tele- 
graph. In  the  tunnels  these  ducts  occupy  the  opposite  bench  from 
the  power  ducts,  and  in  the  terminal  yard  they  consist  of  separate 
lines.  This  telephone  conduit  system  was  designed  for  the  use  of 
the  Railroad  Company,  but  connections  have  been  made  at  various 
points  to  other  telephone  and  telegraph  systems,  in  Long  Island  City, 
in  Manhattan,  and  in  New  Jersey.  In  Long  Island  City  the  conduits 
terminate  at  the  tunnel  portals,  but  at  the  water-front  certain  ducts 
have  been  brought  to  the  surface  at  the  First  Avenue  shaft  and  others 
at  Sixth  Avenue,  32d  and  33d  Streets.  In  the  terminal  yard  a  num- 
ber of  ducts  terminate  at  a  distributing  chamber  under  the  Station 
Building,  and  others  at  Ninth  Avenue.  At  the  Hackensack  Portal 
all  ducts  terminate,  and  connection  is  here  made  with  the  pole  lines 
of  the  Postal  Telegraph  Cable  Company  and  the  Railroad  Company. 

It  will  be  noted,  from  Table  13,  that  the  number  of  conduits  in 
the  various  sections  is  not  the  same;  this  was  caused  by  the  advisability 
of  installing  in  the  permanent  tunnel  construction  as  many  ducts  as 
there  was  convenient  space  for,  the  limit  being  the  maximum  number 
of  cables  which  could  be  cared  for  properly  in  the  splicing  chambers. 
Obviously,  therefore,  there  are  fewer  ducts  in  the  river  tunnels,  where 
the  size  of  the  splicing  chambers  is  limited,  than  in  the  land  tunnels 
and  the  Station  area. 

Pole  Lines. 

The  Meadows  section  of  the  railroad  is  a  5-mile  continuous  stretch 
of  semi-tidal  meadow  swamp  land,  except  for  a  short  section  of  rock 
outcropping  at  Snake  Hill.  The  Hackensack  River  is  crossed  midway 
of  the  section.     The  ground  surface  is  covered  with  a  heavy  growth 
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of  reeds,  and  the  top  stratum  is  a  peaty  bog,  from  8  to  15  ft.  deep, 
underlaid  with  varying  strata  of  clay,  fine  sand,  and  mixed  sand  and 
clay  for  very  considerable  depths.  Across  this  section,  and  adjoin- 
ing the  track  embankment,  a  pole  line  was  erected  for  telegraph  and 
telephone  purposes.  Fig.  1,  Plate  XCIX,  and  one  for  the  high-tension 
power  wires.  Fig.   2,  Plate  XCIX. 

TAELE   13.— Cable   Conduit   System. 
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Telegraph  Line  Poles.- — Ultimately,  the  telegraph  and  telephone 
service  will  require  60  open  wires  and  two  40-pair  cables,  and  it  was 
desired  to  make  this  line  entirely  secure  against  probable  interrup- 
tion by  severe  storms  or  fires  in  the  swamp  reeds.  The  character 
of  the  foundation,  as  indicated,  was  bad,  and,  after  much  considera- 
tion, it  was  decided  to  substitute  for  an  H  wooden  pole  line,  which 
would  be  inadequate  for  the  conditions,  one  of  concrete  poles,  which, 
while  somewhat  experimental,  and  perhaps  somewhat  more  costly, 
would  provide  a  safe  and  durable  construction. 
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In  this  section  202  poles  were  required.  They  were  spaced  from 
70  to  135  ft.  apart,  with  an  average  standard  span  of  120  ft.,  the 
variations  in  span  being  due  to  the  numerous  railway  and  highway 
crossings.  The  heights  of  the  poles  above  the  ground  vary  from  25 
to  50  ft.,  and  they  are  from  35  to  65  ft.  in  total  length. 

The  design,  made  by  E.  D.  Coombs,  M.  Am.  Soc.  C.  E.,  Structural 
Engineer  on  the  staff  of  the  writer,  called  for  transverse  loading 
conditions,  in  case  of  maximum  storms,  equivalent  to  6  000  lb.  at 
6.5  ft.  below  the  top  of  the  pole  for  the  120-ft.  span  length.  The 
poles  are  square  in  cross-section,  with  chamfered  corners  and  with  a 
taper  of  i  in.  in  5  ft.  The  1:2:4  concrete  mixture  of  which  they 
are  made  was  assumed  to  have  an  ultimate  unit  strength,  in  com- 
pression, of  2  200  lb.  The  reinforcement  is  composed  of  mechanical 
bond  bars  tied  together  into  a  square  skeleton  frame.  In  the  com- 
pleted pole,  this  reinforcement  is  covered  by  a  1-in.  minimum  thick- 
ness of  concrete.  The  skeleton  reinforcement  was  placed  in  horizontal 
frames,  and  the  concrete  mixture  was  poured  in  and  carefully  tamped. 
A  special  yard  (Fig.  1,  Plate  CI)  was  established  near  the  line,  in 
which  to  make,  store,  and  season  the  poles.  The  average  number 
of  poles  made  per  day  was  six,  and  they  were  left  in  place  16  days 
to  season. 

After  a  number  of  experiments,  it  was  found  best  to  set  the 
poles  in  pits  (Eig.  1,  Plate  C)  excavated  in  the  marshy  stratum. 
These  pits  were  generally  about  9  ft.  square  and  5  ft.  deep,  and  a 
timber  grillage  was  placed  around  the  base  of  each  pole,  and  about 
5  ft.  below  the  top  of  the  ground.  This  grillage  consisted  of  six 
track  cross-ties  bolted  together  and  to  the  pole,  and  partly  planked 
over  by  3-in.  rough  lumber.  The  pole,  which  projected  below  the 
grillage  and  was  pointed  at  the  butt,  was  jetted  down  by  compressed 
air  into  the  sandy  layer,  so  that  the  grillage  would  rest  at  the  bottom 
of  the  pit.  The  pits  were  then  back-filled  with  rock  and  clay.  Poles 
on  curves  are  cross-guyed,  and  the  terminal  and  railway  crossing 
poles  are  head-guyed  with  steel  cables.  Fig.  2,  Plate  C,  shows  a 
pole  55  ft.  long,  with  13  ft.  penetration,  and  tested  by  an  ultimate 
load  of  4  360  lb.  applied  horizontally  39.5  ft.  from  the  ground.  Sub- 
sequent poles  were  of  modified  design,  giving  greater  strength. 

Because  of  the  unusually  heavy  line  and  the  extra  length  required 
for  the  foundations,  the  gross  weight  per  pole,  exclusive  of  grillage 
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and  cross-arms  is  more  than  would  be  required  for  ordinary  telegraph 
poles,  and  varies  from  5  300  lb.  for  a  35-ft.  pole  to  17  300  lb.  for  poles 
65  ft.  in  length. 

Transmission  Line  Poles. — As  elsewhere  described,  the  wires  for 
the  transmission  of  traction  power  from  the  tunnel  portal  to  Harrison 
Sub-station,  and  the  wires  of  the  high-tension  signal  power  circuits 
in  the  same  section,  are  carried  on  a  line  of  steel  poles  along  the 
southern  edge  of  the  right  of  way  across  the  Meadows.  These  poles 
are  set  300  ft.  apart,  and  are  designed  for,  not  only  the  present  re- 
quirements, but  to  carry  seven  additional  three-wire  transmission  cir- 
cuits which  may  be  required  in  the  future.  The  total  loading  called 
for  a  very  substantial  pole  construction,  and  also  for  foundations  to 
be  carried  through  the  soft  upper  strata  of  the  marsh  to  a  firm 
bearing. 

The  poles  are  of  latticed  structural  steel,  square  in  cross-section, 
with  one  angle  at  each  corner  and  single-angle  bracing.  The  poles 
have  a  parabolic  outline,  conforming  to  the  load  requirements  and 
giving  an  improved  appearance.  The  parabola  is  of  such  flat  outline 
that  it  was  not  necessary  to  bend  the  main  angles  before  assembling. 
The  poles  were  completely  riveted  at  the  shop,  with  the  exception  of 
the  cross-arms.  The  latter  consist  of  single  ship-channels  with  flanges 
turned  downward.  The  pole  has  a  cast-iron  cap  at  the  top,  and  a 
section  of  pipe  to  carry  a  250  000-cir.  mil  copper  ground-wire,  which 
also  forms  a  part  of  the  negative,  or  return  circuit. 

In  crossing  the  Hackensack  River  it  was  determined  to  carry  the 
wires  overhead  rather  than  by  submarine  cables,  in  order  to  preserve  the 
integrity  of  the  line  against  lightning  disturbances,  and  to  provide 
for  the  use  of  33  000-volt  transmission  in  the  future.  For  this  pur- 
pose it  was  necessary  to  carry  all  wires  with  the  clearance  specified 
by  the  War  Department  over  navigable  streams,  and  this  required  the 
use  of  two  unusually  high  steel  towers.  The  line  approaches  the 
river  with  300-ft.  spans  on  50-ft.  poles,  rising  to  an  intermediate  70-ft. 
pole,  then  sharply  to  the  high  towers,  181  ft.  4  in.  above  high  water; 
the  lowest  wire  in  this  crossing  is  137  ft.  4  in.  above  high  water.  The 
wire  span  over  the  river  has  a  length  of  765  ft.  The  towers  are  of 
the  same  general  outline  as  the  poles,  but  of  much  heavier  section  and 
larger  dimensions.  They  are  15  ft.  square  at  the  base  and  3  ft. 
square  at  the  top.     The  tops  of  the  foundations  are  6  ft.  above  high 
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water,  and  the  total  height  from  the  water  to  the  ground-wire  is 
]95  ft.  The  towers  are  carried  on  twin-pier,  reinforced  concrete 
foundations,  each  having  eleven  timber  piles  under  it. 

The  pole  foundations  across  the  Meadows  are  of  concrete  on  from 
eight  to  ten  piles,  depending  on  the  size  of  the  pole;  the  piles  were 
driven  to  a  depth  of  from  30  to  80  ft.,  as  occasion  required. 

Akhough  the  character  of  the  sub-surface  strata  on  the  Meadows 
had  been  studied  from  test  borings,  it  was  found  that  the  conditions 
varied  radically,  and  it  was  not  possible,  even  after  driving  the  piles 
for  one  foundation,  to  determine  in  advance  the  approximate  leng-th 
of  those  for  the  next  (300  ft.  distant).  This  uncertainty  added  ma- 
terially to  the  difficulty  of  distributing  the  piles.  The  cut-off  was 
below  the  level  of  the  water  in  the  marsh,  and,  to  accomplish  this, 
as  well  as  to  place  the  concrete  foundations  for  the  poles  in  the  water- 
bearing ground,  it  was  necessary  to  use  steel  sheet-piling  and  remove 
the  water  with  power  pumps. 

A  concrete-mixing  train  was  used  for  the  foundation  work ;  this 
plant  consisted  of  three  cars,  the  center  one  containing  the  mixer 
with. the  engine  and  boiler,  and  end  cars  carrying  the  sand  and  stone; 
these  cars  were  provided  with  steam  coils  to  heat  the  mixture,  as  the 
foundations  had  to  be  built  in  cold  weather. 

The  poles,  both  of  steel  and  of  concrete,  were  erected  with  a  standard, 
75-ton,  wrecking  derrick,  fitted  with  a  special  90-ft.  boom  capable  of 
lifting  either  the  steel  or  concrete  poles  at  a  point  90  ft.  from  the 
center  of  the  track.  The  concrete  poles  were  lifted  from  the  cars  on 
which  they  were  loaded,  and  placed  on  timber  horses  adjacent  to  the 
excavation  where  they  were  to  be  set;  the  cross-arms  and  grillage  were 
then  put  in  place,  and  the  pole,  thus  equipped,  was  picked  up  at  the 
top  and  lowered  into  the  excavation.  The  steel  poles  were  picked  up 
from  the  embankment,  where  they  had  been  unloaded,  and  lifted  by 
the  derrick  vertically  over  the  foundation  and  set  in  place,  as  shown 
by  Fig.  2,  Plate  XCI. 

Insulators. — All  high-tension  insulators  are  of  porcelain,  of  the 
petticoat  type.  Straight-line  insulators  are  made  of  three  pieces, 
and  strain  insulators  of  two  pieces.  These  insulators  are  mounted 
on  cast-steel  pins  bolted  to  the  steel  channel  cross-arms. 

Anchoring  Devices. — The  transmission  line  poles  supporting  the 
spans  crossing  the  various  railroads  in  the  Meadows  section,  and  the 
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city  streets  in  the  Sunnyside  Yard  section,  were  provided  with  double 
cross-arms,  strain  insulators,  and  a  dead-end  clamping  device  which 
was  designed  to  attach  the  power  wires  securely  to  the  structure. 

At  the  Hackensack  River  the  power  line  rises  sharply,  in  one 
span,  to  the  top  of  the  high  towers,  and  required  special  ins«lating 
attachments.  Each  power  wire,  in  passing  over  the  steel  cross-arms 
of  the  tower,  is  carried  in  a  saddle  supported  by  a  nest  of  four  standard 
line  insulators.  The  saddle  is  provided  with  a  special  six-bolt  clamp, 
and  its  wire  groove  is  curved  to  prevent  sharp  bending. 

The  2  000  000-cir.  mil  direct-current  feeders,  in  additifni  to  a 
similar  clamping  saddle,  have  an  auxiliary  butterfly  clamp  on  each  side, 
about  2.5  ft.  from  the  saddle  and  attached  thereto  by  adjustable  rods. 

The  high-tension  signal  power  circuits  in  the  Manhattan  Transfer 
Yard  are  carried  on  a  line  of  latticed  steel  poles,  extending  from 
the  Harrison   Sub-station  to   the   Passaic   River,   at  Newark. 

Signal  Lines. — In  addition  to  the  present  signal  circuits  through 
the  yard,  and  feeding  the  New  York  Division  at  the  Passaic  River, 
the  pole  line  is  arranged  to  carry  in  the  future  two  3-wire,  high- 
tension,  power  circuits. 

Long  Island  Railroad  Pole  Lines. — In  Sunnyside  Yard  the  Long 
Island  Railroad  traction  power  line  was  re-located  through  the  yard 
and  rebuilt  from  the  arrester-house  at  Dutch  Kills  Street,  to  Wood- 
side  Avenue,  a  distance  of  8  510  ft.  The  poles  are  of  the  latticed 
steel  type,  with  straight  lines,  conforming  in  design  to  the  original 
pole  line  of  which  it  is  a  part.  The  cross-arms  are  of  yellow  pine, 
resting  on  shelf  angles,  and  the  attachments  to  the  arms  are  made  by 
U-bolts  to  avoid  boring  holes  in  the  timber. 

In  Sunnyside  Yard  the  signal  power  circuits  are  carried  from  the 
tunnels,  on  a  line  of  light  steel  poles,  to  a  connection  with  the  Long 
Island  Railroad  pole  line  near  Thompson  Avenue.  These  poles  are 
composed  of  three  main  members,  which  are  half  cylinders  of 
rolled  high-carbon  steel,  fastened  together  transversely  with  ties  and 
spreaders. 

Two  high-tension  circuits  are  carried  across  the  South  Yard  from 
the  Long  Island  Railroad  pole  line  to  Auxiliary  Sub-station  "A." 
The  arc-lighting  system  of  the  yard  is  placed  on  polos  of  similar 
design,  which  also  carry  the  fire-alarm  and  yard-lighting  circuits. 
Table  14  contains  additional  data  as  to  all  pole  linos. 
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Quite  independently  of  the  general  character  of  the  traction  system, 
it  was  felt  that  considerable  experimental  investigation  was  needed  to 
decide  on  the  type  of  electric  locomotive  suitable  for  handling  heavy 
main-line  trains.  Therefore  a  special  "Locomotive  Committee"  was 
appointed  by  the  President  to  investigate  existing  designs  and  develop, 
by  experiment,  or  otherwise,  a  suitable  locomotive  for  the  exacting  con- 
ditions of  the  proposed  service.  This  Committee  consisted  of  A.  W. 
Gibbs,  General  Superintendent  of  Motive  Power,  Pennsylvania  Lines 
East,  D.  F.  Crawford,  General  Superintendent  of  Motive  Power,  Penn- 
sylvania Lines  West,  A.  S.  Vogt,  Mechanical  Engineer,  Pennsylvania 
Railroad,  and  the  writer,  as  Chairman. 

As  a  result  of  the  work  of  this  committee,  two  locomotives  were 
designed  and  built  at  Altoona  in  1905.  They  were  put  in  service,  and 
given  a  continuous  trial  on  the  Long  Island  Railroad,  hauling  freight 
and  passenger  trains,  and  the  tests  continued  for  many  months.  These 
locomotives  are  of  the  double-truck  type;  the  trucks  are  linked  together 
at  their  inner  ends  and  the  outside  ends  are  used  for  attachment  to  the 
train  drawbar.  This  arrangement  of  running  gear  has  since  been 
adopted  by  other  roads  for  slow-speed  electric  locomotives.  Each  of  the 
four  axles  carries  an  electric  motor,  one  locomotive  having  geared  and 
the  other  gearless  motors. 

These  locomotives  were  designed  for  a  maximum  speed  of  about  45 
miles  per  hour  on  a  level,  with  a  normal  train,  as  at  that  time  it  was 
intended  to  confine  the  terminal  electric  operation  to  the  haul  through 
the  tunnels  from  the  west  portal  at  Bergen  Hill,  New  Jersey,  to 
the  yard  at  Long  Island  City.  Practically  all  this  portion  of  the  line 
is  on  heavy  grades  and  over  a  short  distance  only,  and  a  slow  speed 
would  conduce  to  economy  and  would  not  be  prohibitive  as  to  time 
consumed.  Subsequently,  it  was  determined  to  extend  the  terminal  run 
to  Harrison,  N.  J.,  on  the  west,  and  possibly  to  Jamaica  on  the  east, 
involving  level  stretches  of  about  10  miles  at  each  end.  Hence  it  be- 
came necessary  to  adapt  the  locomotives  to  the  higher  speed  conditions 
normally  obtaining  in  main-line  operation.  Accordingly,  the  two  loco- 
motives under  test  were  modified  electrically  to  permit  of  a  maximum 
speed  of  about  65  miles  an  hour.  Tests  with  these  machines  had  demon- 
strated their  hauling  power  and  successful  operation  at  the  slow  speed 
for  which  they  were  originally  designed,  but  when  speeded  up  it  was 
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fiuiiid  that  they  became  quite  destructive  to  track.  At  speeds  greater 
than  45  miles  per  hour  tliey  developed  a  tendency  to  rhythmic  side  sway- 
ing and  the  production  of  excessive  lateral  pressures  at  the  rail  heads. 
Such  peculiarities  in  steam  locomotives,  with  low-hung  boilers,  of 
course,  were  not  altogether  unknown  to  railway  engineers,  but  they  are 
intensified  in  an  electric  locomotive,  where  the  power  is  applied  with 
extreme  compactness,  and  where  a  convenient  method  of  motor  attach- 
ment concentrates  great  weight  around  the  axles;  also,  where  it  is  not 
only  possible,  but  generally  most  convenient,  to  utilize  all  weight  for 
adhesion.  Fig.  1,  Plate  CII,  shows  the  motors  and  running-gear,  and 
Fig.  2,  Plate  CII,  is  a  view  of  an  articulated  electric  locomotive. 


SPECIAL  TRACK  TIE  AND  REGISTERING  DEVICE 
FOR  LOCOMOTIVE  TESTS. 

Fig.  18. 

In  order  to  bring  out  more  fully  the  elements  of  design  as  affecting 
tracking,  it  was  determined  to  institute  a  series  of  road  tests,  record- 
ing, as  far  as  practicable,  the  comparative  lateral  rail  pressures  at  vari- 
ous speeds  with  various  types  of  steam  and  electric  locomotives.  A 
special  recording  apparatus  (Fig.  18)  for  the  purpose  was  devised  and 
placed  in  a  stretch  of  tangent  track  on  the  electrified  portion  of  the 
West  Jersey  and  Seashore  Railroad.  A  complete  series  of  tests  was 
made,  and,  from  the  information  obtained,  the  mechanical  characteris- 
tics of  the  design  of  the  locomotive  to  be  built  for  tunnel  operation 
were  determined.  During  1910  this  test  apparatus  was  again  installed, 
this  time  in  a  section  of  the  Terminal  division  track,  and  the  new 
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locomotives  were  tested  thereon  to  check  their  actual  with  their  ex- 
pected performance.  The  test  was  made  over  a  length  of  165  ft.  of 
special  track  carried  on  cast-steel  ties,  having  chairs  near  their  ends 
for  holding  the  rails.  The  chairs  rest  on  rollers  on  seats  in  the  ties,  and 
allow  for  free  lateral  motion  outward  of  the  rails,  except  as  restrained 
by  the  pressure-registering  device  on  each  tie.  This  device  is  in  the 
form  of  a  plug  carried  in  a  guide  on  the  chair-seat  casting ;  at  one  end 
it  presses  against  the  side  of  the  rail  head  and  at  the  other  it  carries  a 
hardened  steel  ball  which  is  placed  in  contact  with  a  strip  of  plate 
steel.  Proper  adjustment  for  gauge  is  made  before  each  run  by  wedges 
between  the  plugs  and  rails.  Any  side  pressure  at  the  rail  from  the 
wheel  flanges  of  a  locomotive  moving  over  the  track  causes  the  steel 
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WITH  RESPECT  TO  TRACK  ON  TANGENT 
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Fig.  19. 

balls  to  press  into  and  indent  the  steel-plate  strips.  The  diameter  of  the 
impression,  when  measured  by  a  micrometer  microscope,  indicates  the 
magnitude  of  the  side  pressure,  the  location  of  the  maxima,  and  the 
tendency  of  the  locomotive  to  "nose"  or  oscillate.  Typical  samples  of 
the  records  obtained  along  this  track  section  are  given  in  Fig.  19,  one 
showing  a  normal  record  from  a  steam  locomotive  of  the  Atlantic  type; 
another,  from  the  original  design  of  electric  locomotive,  and  a  third 
from  the  adopted  type  of  electric  locomotive.  The  tests  were  conducted 
to  show  the  free-running  characteristics  of  the  locomotives  at  speeds 
as  high  as  94.6  miles  per  hour  with  a  steam  locomotive,  and  86  miles 
per  hour  with  an  electric  locomotive. 

To  test  the  pressure  of  individual  wheels  on  curves,  especially  as 
affecting  behavior  in  taking  switches  and  turn-outs  in  yards,  a  hydraulic 
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Fig.    1. — Electric   Locomotive.    Showing   Motors   axi>    Runxing   Gear. 


Fig.    2. — Aim  u  I  i,A  1  i:i>    iM.i,(  iJiic    LOCOMOTIVE. 
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apparatus  devised  by  Mr.  George  L.  Fowler  was  used.  With  this  device 
the  side  pressure  of  each  wheel  flange  is  measured  by  connecting  a 
short  section  of  one  rail  through  a  system  of  levers  to  a  hydraulic 
cylinder  and  its  pressure-recording  device.  From  experience  obtained 
in  the  service  tests  of  three  different  types  of  electric  locomotives,  and 
the  results  of  the  special  track  instrument  tests,  it  was  decided  to  make 
quite  a  radical  departure  from  general  practice  in  the  final  design  of 
the  high-speed  locomotives  for  the  terminal  equipment.  An  attempt 
has  been  made  to  pattern  the  locomotive  mechanically  on  the  funda- 
mental characteristics  of  modern  steam  locomotive  design  in  the  fol- 
lowing particulars: 

(a)  High  center  of  gravity  of  the  machine  as  a  whole,  and  es- 
pecially of  the  heavy  electric  motor  portion; 

(&)  The  large  proportion  of  the  total  weight  spring-borne,  and 
equalized  by  a  system  having  considerable  amplitude  of  motion ; 

(c)  An  unsymmetrical  distribution  of  wheel-base  of  the  locomotive; 

((f)  A  combination  of  driving  and  carrying  wheels. 

DIAGRAM  OF  ELECTRIC  LOCOMOTIVE. 
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Fig.  20. 


--H 


All  the  above  characteristics,  it  was  thought,  would  conduce  to  ease 
of  riding,  flexibility  in  tracking,  and  the  reduction  of  destructive 
action  to  the  roadbed  by  heavy  masses  moving  at  high  speeds. 

To  accomplish  these  results,  required  an  important  modification  in 
the  customary  method  of  mounting  and  connecting  the  electric  motors ; 
instead  of  being  placed  concentric  with  or  in  the  plane  of  the  axles,  and 
direct-mounted  or  geared  to  them,  they  are  placed  on  the  main  frames 
above  the  wheels,  and  driving  connections  are  made  with  rods.  The 
diagram.  Fig.  20,  and  the  photographs,  Plate  CII,  show  the  general 
features  of  the  design  and  the  principal  dimensions.  The  locomotive  is 
double,  or  articulated,  each  half  being  similar  to  an  "American"  type, 
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or  eight-wheeled  steam  locomotive,  in  the  wheel  arrangement,  frames, 
and  running  gear.  These  halves  are  permanently  coupled  back  to  back 
by  a  drawbar  and  equalizing  buffer  connection.  Each  half  has  its  own 
cab,  and  carries  above  the  frame  one  series-wound  electric  motor,  having 
inter-poles  and  a  divided  main-field  winding.  The  large  space  available 
for  the  motor  enabled  its  design  to  be  liberal  in  all  parts,  and  its  loca- 
tion makes  the  entire  motor  accessible  for  inspection.  The  motor  shaft, 
or  axle,  carries  quartered  cranks  which  are  connected  by  rods  to  a 
cranked  jack-shaft  set  between  the  frames  and  having  its  center  in  the 
plane  of  the  driving  axle  center.  From  this  shaft,  rod  connections  are 
made  to  the  wheels,  as  in  steam  locomotives.  All  moving  masses  of  the 
rods  and  cranks  are  revolving,  and  are  susceptible  of  accurate  counter- 
balancing. The  system  adopted  for  motor  control  enables  one  motor 
to  be  out  of  service  and  the  locomotive  to  be  operated  in  emergency  by 
the  remaining  motor;  also,  two  or  more  locomotives  may  be  coupled 
together  and  operated  as  a  single  unit.  The  division  of  the  fields  into 
sections  for  manipulating  the  field  strength,  gives  four,  instead  of  the 
usual  two,  running  positions  of  the  speed  controller,  and  thus,  also, 
economizes  current  during  acceleration. 

Special  attention  has  been  given  to  the  arrangement  of  control  and 
other  apparatus  in  the  locomotive  cabs  to  enable  all  parts  to  be  readily 
accessible  for  inspection  and  adjustment,  such  as  electrically-driven  air 
pumps  for  brakes  and  control,  pneumatic  sanding  devices,  contact  shoes 
for  the  third-rail,  overhead  pantagraph  shoes,  sleet-scraping  devices  for 
removing  ice  and  snow  from  the  third-rail,  automatic  train  stops  for 
applying  the  brakes  and  shutting  off  power  in  case  of  over-running 
signals  in  the  tunnels,  etc.  The  locomotives  are  also  equipped  with 
boilers  for  steam  generation  by  electrically  heating  the  water  in  the 
boiler  to  supply  the  steam-heating  system  of  the  trains. 

In  fixing  the  capacity  of  the  locomotive,  the  probable  maximum  and 
average  train  weight  was  established,  and  the  unit  was  designed  for 
the  most  economical  distribution  of  equipment  for  the  Terminal  service. 
It  is  obvious  that  on  a  short  run  the  condition  of  starting  a  train  from 
rest  and  accelerating  on  the  tunnel  grades  fixes  the  maximum  train 
which  can  be  hauled,  rather  than  the  limitation  of  motor  capacity  due 
to  the  heating.  The  maximum  weight  of  train  to  be  hauled  by  one 
locomotive  under  the  given  conditions  was  specified  as  550  tons  trailing 
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load;  the  actual  capacity,  however,  in  intermittent  service,  has  ap- 
proximated 700  tons  trailing. 

A  sample  locomotive  of  this  design  was  built,  placed  under  road  test 
in  October,  1909,  and  run  15  000  miles  on  a  continuous  test,  with  a  train 
of  400  tons  trailing;  also,  complete  dynamometer-car  tests  were  made 
of  the  hauling  capacity,  speed,  and  motor  characteristics.  The  detailed 
design  of  the  mechanical  portion  of  these  locomotives  was  made  by  the 
Motive  Power  Department  at  Altoona,  and  the  running  gear  and  cabs 
were  built  complete  at  the  Juniata  shops. 

In  speaking  of  this  development,  it  is  not  out  of  place  to  refer  to 
the  part  taken  by  the  Westinghouse  Electric  and  Manufacturing  Com- 
pany, the  contractor  for  the  electric  apparatus  of  the  locomotives.  From 
the  first  this  company  not  only  co-operated  with  the  Committee  in  all 
needful  respects  in  furnishing  suggestions  and  information,  but  built 
at  its  own  expense  the  electrical  portions  of  the  first  two  electric  locomo- 
tives, and  subsequently  a  complete  locomotive  of  another  type,  all  of 
which  it  placed  at  the  disposal  of  the  Committee  for  service  and  other 
tests. 

The  principal  dimensions,  weights,  etc.,  of  the  adopted  type  of  loco- 
motive are: 

Weight  per  driving  axle 48  750  lb. 

Total  weight  on  drivers 195  000    " 

Weight  on  each  4- wheel  truck 57  500    " 

Total  weight  of  complete  locomotive 310  000    " 

Total  length  over  all 64  ft.    11  in. 

Eigid  wheel-base  of  each  half 7    "       2    " 

Total  wheel-base  of  each  half 23    "       1    " 

Total  wheel-base  of  locomotive 55    "     11    " 

Diameter  of  drivers 72 

Diameter  of  truck  wheels 36    " 

Height  from  track  to  top  of  cab 13    "       1    " 

Width  of  cab 10    "       6    " 

The  weights  do  not  include  the  electric  steam  generators  for  train 
heating.  The  tractive  effort  per  locomotive  =  60  000  lb.  for  i  min.,  and 
50  000  lb.  for  2  min.,  or  12  000  lb.  at  800  amperes,  all  with  full  field. 
One  of  the  conditions  was  that  the  locomotive  was  to  start  and  accel- 
erate a  550-ton  train,  in  addition  to  the  locomotive,  on  the  1.93%  maxi- 
mum tunnel  grade,  and,  with  a  550-ton  train  on  level  tangent  track  was 
to  attain  a  speed  of  60  miles  per  hour.     Each  locomotive  was  to  have 
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two  direct-current,  field-controlled,  inter-pole,  series  motors,  with  cast- 
steel  frames. 

Weight  of  each  motor  complete  with  cranks .       43  000  lb. 

Height  of  center  of  gravity  from  track 8  ft.  2 it  in. 

Top  of  motor  frame  above  cab  floor 5    "    6^      '' 

Table  15  is  a  comparison  of  the  centers  of  gravity  and  the  weights 
of  electric  and  steam  locomotives. 

TABLE  15. — Comparison  of  Electric  and  Steam  Locomotives. 


Experi- 
mental, 
double- 
truck 
electric 


Adopted 

articulated 

electric. 


P.  R.  R. 

'Atlantic  ' 

type, 

steam. 


P.  R.  R. 
"  Ameri- 
can" type, 
steam. 


Total  wf-ight  (excluding  tender),  in  pounds. 

Height  of  center  of  gravity  of  complete  loco- 
motive, from  rail,  in  inches 

Height  of  center  of  gravity  of  running  gear, 
from  rail,  in  inches 

Percentage  of  weight  of  running  gear  below 
springs  to  total  weight 


195  140 

42.5 

*28.0 

*50.0 


310  000 
63.75 
30.3 
16.7 


176  600 
73 
33 

22.7 


138  000 
63 
29 

22.7 


*Includes  weight  of  motors. 


Telephones  and  Telegraph. 
Telephones. 

The  telephone  system  comprises  a  complete  installation  for  official 
and  public  uses,  and  was  planned  jointly  by  the  Telegraph  Department 
of  the  Pennsylvania  Railroad  Company  and  the  New  York  Telephone 
Company. 

Official  Equipment. — The  official  equipment  provides  for  service  be- 
tween the  various  Departments  of  the  Terminal  Division  and  of  the 
Long  Island  Railroad.  It  consists  of  a  main  private  branch  exchange 
switch-board  having  trunk  lines  to  the  Telephone  Company's  general 
exchange  system;  tie  lines  to  other  private  branch  exchanges  in  the 
various  offices  of  the  Railroad  Company  in  New  York  and  other  cities ; 
extension  lines  to  the  various  offices  of  the  Terminal  and  Long  Island 
Railroads  in  the  Station  Building;  and  a  special  switch-board  for  the 
Information  Bureau  of  the  Station,  by  which  calls  from  the  public  for 
information  as  to  arrival  and  departure  of  trains  are  received  and 
answered  with  the  minimum  of  delay. 
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The  main  private  branch  exchange  switch-board  in  the  Station  has 
a  capacity  of  1  000  lines.  It  is  equipped  initially  for  520  lines,  the  fol- 
lowing being  connected  at  the  present  time : 

40  Trunk  lines  to  Telephone  Company's  central  exchange; 

80  Tie  lines  to  the  Railroad  Company's  offices  in  New  York  and 
Philadelphia ; 

SO  Magneto  extension  lines  to  the  Signal  Cabins  and  Yard  Build- 
ings; 
260  Battery  extension  lines  for  offices  in  the  Station  Building. 

The  board  is  arranged  for  6  operators,  with  all  connections  in  multi- 
ple; it  connects  with  25  monitor  boards,  varying  in  capacity  from  10  to 
30  lines,  and  located  in  the  Powcr-IIouse,  the  Sub-stations  and  the 
Signal  Cabins.  In  sigiial  cabins  where  there  is  more  than  one  board 
they  are  in  multiple,  so  that  one  or  all  of  them  can  be  used  to  respond 
to  the  calls.  The  Train  Dispatcher,  having  a  selector  bell-ringing  cir- 
cuit, may  call  up  any  one  of  the  interlocking  cabins  without  calling  the 
others,  or  he  may  call  them  all  in  multiple,  and  talk  to  all  at  the  same 
time. 

In  addition  to  the  above,  a  system  of  magneto-telephones  is  pro- 
vided for  direct  calls  through  these  switch-boards  from  outlying  points 
on  the  Terminal  Railroad,  such  as  the  signal  bridges  on  the  Meadows 
Section,  and  from  each  signal  in  the  tunnels.  In  all,  140  points  on  the 
railroad  are  thus  provided  with  magneto-sets. 

Tunnel  Sets. — The  tunnel  sets  have  been  especially  designed  to  be 
placed  conveniently  and  compactly  on  the  tunnel  walls  above  the  side- 
benches;  they  consist  of  magneto-sets  in  special  moisture-proof  cases. 
A  key  with  each  set  permits  of  its  connection  to  any  one  of  four  cir- 
cuits extending  through  the  tunnels;  one  to  the  main  private  branch 
exchange  switch-board,  a  second  to  the  Power  Director's  monitor- 
board,  a  third  to  the  interlocking  cabin  controlling  movements  on  the 
section  in  question,  and  a  fourth  is  spare.  There  are  53  of  these  sets 
at  an  average  of  about  1  500  ft.  apart  in  the  tunnels.  In  addition  to  the 
four  circuits  above  mentioned,  there  is  a  fifth  circuit  in  each  tunnel  to 
which  are  connected  a  number  of  loud-ringing  gongs  for  signalling  em- 
ployees, who  may  be  called  to  the  nearest  telephone,  by  a  code  signal. 

Pmj-Station  Service;  Neiv  York  Telephone  Company.— The  pay- 
station  service  is  of  three  kinds.  First,  the  standard  service,  where  a 
patron  makes  a  call   from   a  booth;   this   is  handled   through   switch- 
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boards  and  booths  in  the  main  waiting-room,  the  sub-waiting-rooms,  the 
exit,  and  the  Long  Island  33d  Street  concourses.  Second,  a  restaurant 
pay  service,  where  a  patron  makes  a  call  from  a  table  while  dining. 
Third,  train  pay-station  service,  by  which,  a  call  may  be  made  from  a 
telephone  in  a  train  standing  at  a  station  platform.  For  this  latter 
purpose  there  are  receptacles  at  convenient  points  under  the  platforms, 
and  flexible  cable  is  used  for  connecting  to  receptacles  on  the  car. 

Installation. — Leaving  the  main  switch-board  in  the  Station,  four 
cables,  a  30-,  a  50-,  and  two  15-pair,  copper-wire,  paper-insulated,  lead- 
covered  cables,  are  run  in  the  yard  and  tunnel  conduit  systems  to  the 
Ilackensack  Portal.  From  a  terminal  pole  at  this  point  34  open  copper 
wires  and  a  40-pair  cable  are  carried  on  the  concrete  pole  line  over  the 
Meadows  Division  to  Harrison  Sub-station.  These  lines  pass  under  the 
Hackensack  Eiver  by  submarine  cables.  From  Harrison  Sub-station, 
connections  are  made  to  the  New  York  Division  lines  to  Philadelphia, 
and  through  "GY"  interlocking  cabin  to  Jersey  City;  also  to  the  cabins 
in  Manhattan  Transfer  yard.  All  open  wires  are  No.  8  and  No.  9,  B. 
&  S.  gauge,  copper,  and  are  transposed  on  the  poles  at  frequent  inter- 
vals. The  cable  lines  are  No.  13  and  No.  16,  B.  &  S.  gauge,  copper 
wire. 

Eastward  from  the  Station,  a  15-pair  cable  runs  in  each  of  the  four 
tubes,  and  in  one  tube  (No.  4)  a  110-pair  cable  runs  to  the  Long  Island 
City  shaft,  at  which  point  it  divides  to  run  to  the  main  power-house 
and  to  Sunnyside  Yard.  In  Sunnyside  Yard  a  complete  service  is  pro- 
vided to  the  various  yard  buildings  and  interlocking  cabins.  The  New 
York  Telephone  Company's  cable  connections  are  made  with  the  Chelsea 
Exchange,  through  cables  brought  out  at  a  telephone  manhole  in 
Eighth  Avenue,  near  31st  Street,  and,  in  addition,  two  ducts  in  the  East 
River  Tunnels  have  been  leased  by  the  Telephone  Company  for  service 
on  Long  Island. 

Ringing  current  for  the  switch-boards  throughout  is  supplied  by  the 
Telephone  Company  from  their  City  Exchange,  but  the  telephone- 
operating  current  is  obtained  from  storage  batteries  charged  by  motor- 
generator  sets  in  the  Station,  converting  440-volt  alternating  to  24-volt 
direct  current. 

The  cables,  the  pole-line  wiring,  and  the  tunnel  sets  were  installed 
by  the  Chief  Engineer's  Department,  and  the  switch-boards  and  instru- 
ments by  the  Telephone  Company. 


Papers.]       PEXN.   R.    K.   TUNNELS:   STATION,   TRACK,    YARDS,   ETC.       777 

Telegraph. 

The  telegraph  system  was  planned  by  the  Telegraph  Department  of 
the  Pennsylvania  Kailroad;  it  connects  with  the  general  system  of  that 
Road  and  of  the  Long  Island  Kailroad,  and  includes,  for  the  con- 
venience of  the  public.  Postal  Telegraph  Cable  Company's  connections 
and  offices  in  the  Station. 

A  main  telegraph  office  on  the  second  floor  of  the  Eighth  Avenue 
side  of  the  Station  is  equipped  with  a  two-section,  twenty-five  lines 
each,  double-jack  switch-board,  with  the  necessary  lamp-receptacle  resist- 
ance-panels to  the  batteries.  The  power-room  is  back  of  the  board,  and 
comprises  duplicate  motor-generators,  with  batteries,  for  furnishing 
power  to  the  lines,  the  train  describers,  local  sounders,  and  other  low- 
voltage  circuits.  The  board  is  laid  out  for  three  6-position  telegraph 
tables,  of  which  two  are  now  in  service,  and  the  through  wires  from 
the  various  Pennsylvania  Railroad  and  Long  Island  Railroad  offices 
connect  with  them.  These  wires  are  used  for  messages,  train  reports, 
and  general  information.  A  separate  board  is  also  provided  in  the 
Station  Master's  office,  and  consists  of  one  12-circuit,  single  jack-board 
and  4-position  table. 

In  order  to  reduce  the  number  of  telegraph  offices  in  the  Station 
and  yard,  the  pneumatic  tube  system,  elsewhere  described,  connects 
with  the  main  telegraph  office,  to  which  messages  may  be  sent  for 
transmission.  For  the  use  of  the  heads  of  the  Departments  in  the 
Station,  a  message-call  service,  consisting  of  a  50-needle,  individual, 
set-back  annunciator,  has  been  installed  in  the  main  telegraph  office. 

It  was  at  first  planned  to  conduct  train  movement  by  telephone,  but 
after  due  consideration,  on  account  of  the  new  operation  involved,  and 
the  fact  that  it  was  desired  to  select  experienced  "block"  men,  who  were 
telegraph  operators,  from  the  existing  portions  of  the  railway  system, 
it  was  thought  best  to  provide  them  with  telegraph  block  wires,  by 
which  means  the  Chief  Train  Director  could  hear  all  orders  over  the 
circuits.  A  relief  telephone  block  circuit,  however,  is  provided  over  the 
Meadows  Section,  to  be  used  when  the  telegraph  block  wires  are  busy, 
or  when  repairmen  wish  to  communicate  with  each  other  between  inter- 
locking cabins. 

Allied  to  and  supplementing  the  telegraph  system,  instruments 
called  "train  describers"  are  used  in  the  interlocking  cabins  from 
Newark,  N.  J.,  to  Winfield,  Long  Island.    They  constitute  a  mechanical 
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telegraph  system,  registering  by  disks  on  dials  different  train  designa- 
tions and  routes.  Each  instrument  has  sixteen  disks,  for  as  many 
designations,  and  one  set  of  instruments  is  used  for  in-bound  and 
another  for  out-bound  movements. 

Telautograph  System. — For  the  purpose  of  transmitting  messages 
or  orders  in  written  form  as  a  matter  of  record,  or  to  supply  advance 
information  of  train  movement  simultaneously  to  various  offices  and 
interlocking  cabins,  the  Gray  telautograph  system,  vpith  3  transmitting 
and  17  receiving  stations,  has  been  installed  in  the  Station.  The 
transmitting  instruments  are  in  the  Train  Dispatcher's  office,  in  the 
main  interlocking  cabin  ("A"),  controlling  the  west  throat  of  the 
terminal  yard,  and  in  interlocking  cabin  ("B")  controlling  Long 
Island  Railroad  movements.  Instructions  as  to  special  train  make-ups, 
changes  in  destination  platforms,  etc.,  are  thus  given  to  all  parties 
interested,  with  minimum  loss  of  time.  In  order  to  be  certain  that  the 
message  is  received,  an  answer-back  system  is  provided;  this  is  operated 
by  push  buttons  and  bells  in  the  receiving  stations  and  a  needle 
annunciator  at  the  transmitting  station.  Electric  power  to  operate  the 
telautograph  and  call-back  systems  is  furnished  from  the  motor- 
generators  in  the  main  telegraph  office. 

Signalling. 

As  the  rapid  movement  and  safe  control  of  trains  over  the  Division, 
and  especially  in  the  Station  yard,  are  essential  to  the  regular  and 
safe  operation  of  the  railroad  at  its  required  capacity,  the  switch  and 
signal  system  was  made  unusually  complete.  The  general  requirements 
were  laid  down  by  the  "Joint  Operating  Committee,"  through  a  Sub- 
Committee  on  Signals  appointed  by  it,  for  the  purpose  of  giving  the 
question  the  necessary  detailed  study.  This  latter  committee  consisted 
of  Messrs.  A.  H.  Eudd,  Signal  Engineer,  George  D.  Eowle,  Consulting 
Signal  Engineer,  C.  S.  Krick,  Superintendent,  with  the  vsrriter  as 
Chairman.  A  general  contract  was  entered  into  with  The  Union 
Switch  and  Signal  Company  for  the  manufacture  and  installation  of 
the  system,  under  the  supervision  of  Mr.  W.  N.  Spangler,  Supervisor 
of  Signals,  in  the  Chief  Engineer's  Department. 

Yard  Conditions. — The  physical  conditions  surrounding  the  Station 
yard  are  exceptional  in  the  following  respects: 
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(a)  The  yard  is  practically  underground,  and  the  view  frona  trains, 
and  of  the  tower  operators,  is  obscured  by  numerous  yard 
structures  and  building  columns; 

(h)  Clearances,  both  overhead  and  side,  between  the  trains  and 
structures  are  very  limited,  and  the  space  available  for  the 
installation  of  signals  and  apparatus  is  restricted; 

(c)  The  character  and  extent  of  the  train  movements  required  the 
realization  of  the  fullest  capacity  of  all  track  facilities,  neces- 
sitating the  greatest  freedom  for  simultaneous  parallel  move- 
ments ; 

(J)  The  complexity  of  the  track  plans  and  the  presence  of  yard 
service  facilities,  such  as  the  piping  system  for  steam,  air,  and 
water,  drainage  and  traction  conductors  and  conduits,  re- 
quired that  the  signal  appliances  should  be  mounted  on  special 
foundations,  and  that  control  wiring  should  be  run  in  perma- 
nent and  accessible  shape  in  a  conduit  system. 

On  account  of  these  conditions,  it  was  found  neeessar3^  to  divide  the 
control  of  the  yard  movements  between  four  different  power-operated 
switching  cabins;  one  near  the  west  end  of  the  yard,  for  movements 
from  the  North  River  Tunnel  portals  to  Eighth  Avenue;  one  near,  and 
east  of.  Eighth  Avenue,  north  side,  for  the  important  tail  switching 
for  Long  Island  Railroad  suburban  trains;  one  at  the  Seventh  Avenue 
portal  of  the  33d  Street  Tunnels,  where  the  yard  tracks  are  gathered 
into  groups  leading  into  two  of  the  East  River  Tunnels;  and  one 
similarly  located  under  Seventh  Avenue  at  the  throat  of  the  32d 
Street  Tunnels.  These  cabins,  each  controlling  only  a  part  of  the  yard, 
required  a  certain  amount  of  interconnection  to  insure  rapid  and  com- 
plete movements  in  the  yard,  a  result  accomplished  partly  by  electric 
locking  between  cabins,  partly  by  light  indicators  on  the  track  models 
in  the  cabins,  to  show  how  the  tracks  between  them  are  occupied  and 
when  trains  are  approaching,  and  partly  by  central  communication  by 
telephone,  etc.,  with  the  Train  Director. 

The  interlocking  machines  comprise  means  for  obtaining  positive 
control  of  all  signals  by  the  actual  position  of  the  switches  which  they 
govern;  the  automatic  control  of  signals  by  track  conditions  in  advance 
of  them,  an^  by  the  position  of  the  next  succeeding  signal  to  which  the 
impending  train  movement  leads;  the  automatic  locking  of  all  switches 
in  every  route  by  the  entrance  of  trains  on  these  routes,  and  the  auto- 
matic release  of  switches  immediately  in  the  rear  of  a  train  passing 
clear  of  the  fouling  points.     They,  further,  include  means  for  giving 
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visual  indications  to  the  operator  of  every  act  of  a  train  in  physically 
locking  and  releasing  the  levers  controlling  switch  and  signal  opera- 
tions; means  for  permitting  the  joint  use  of  all  tracks  for  traffic  in 
cither  direction  between  adjacent  cabins  by  co-action  of  towermen  and 
track  circuits;  the  automatic  announcement  of  trains  in  their  approach 
to  the  terminal  station  through  the  various  tunnels,  and  the  delineation 
of  their  movements  from  block  to  block  through  the  tunnels,  by  indi- 
cators in  each  cabin  adjacent  to  the  tunnel  portals. 

Tunnel  Conditions. — The  tunnels,  as  elsewhere  shown,  involve  train 
movements  over  heavy  grades,  at  high  speed,  and  at  the  minimum  safe 
interval,  a  condition  which  led  to  the  adoption  of  automatic  block 
signalling  with  overlaps  of  the  same  length  as  the  block  sections;  in 
other  words,  a  two-indication  block  in  which  a  "proceed"  indication 
requires  that  two  sections  shall  be  unoccupied.  "Caution"  indication 
must  show  that  at  least  as  much  track  is  unoccupied  as  the  foregoing. 
The  length  of  the  sections  is  variable,  depending  on  the  grade  and 
maximum  train  speed  at  the  point  in  question,  being  made  150%  of  the 
length  in  which  a  stop  can  be  made  by  the  application  of  the  brakes. 

At  each  block  in  the  tunnels  a  "track  stop"  is  installed  to  apply 
the  train  brakes  automatically  should  a  danger  signal  be  over-run. 
The  closest  headway  at  which  trains  can  be  run  at  normal  speed,  there- 
fore, is  the  time  required  to  pass  over  two  block  sections,  corresponding 
to  about  2  min.,  and  at  restricted  speed  under  caution  signals,  one 
block,  or  about  1^  min. 

"Lock  and  block"  control  has  been  provided  between  the  Station  and 
the  Long  Island  approach  of  the  East  River  Tunnels,  so  that,  if  neces- 
sary, any  one  of  the  four  tunnel  tracks  can  be  operated  in  the  reverse 
direction.  The  North  River  tunnels  have  the  same  provision,  with  the 
addition  of  automatic  signals  for  following  movements.  The  grades  are 
such  that  the  spacing  of  signals  for  reverse  movements  could  not  be 
the  same  as  for  movements  in  the  normal  direction  of  traffic,  and,  on 
account  of  this,  there  was  considerable  complication  in  putting  the 
signals  for  a  certain  direction  out  of  commission  and  those  for  the 
opposite  direction  in,  and  changing  the  control  of  the  automatic  stops 
so  as  to  make  them  effective  at  the  right  time. 

Meadows  Section. — The  Meadows  Section  of  the  road  (Plate  CIII) 
has  been  equipped  with  aiitomatic  block  signals,  according  to  the  same 
principles  as  those  for  the  tunnels,  without  track-stops.  Complete 
reverse-movement  signalling  has  been  provided  for  at  each  block.     At 


DIAGRAM    OF  TRACKS   AND   SIGNALS,  MANHATTAN    TRANSFER  TO  TENTH    AVENUE. 


Papers.]        PEKN.   11.    K.    TUNNELS:   STATION,   TRACK,   YARDS,   ETC.       781 

the  Uaekeiisaek  Eiver,  midway  of  the  section,  the  drawhridge  has  been 
provided  with  the  usual  interlocking  bridge  and  signal  appliances,  and 
the  cross-overs  between  tracks  at  the  east  approach  to  the  bridge,  so 
that  reverse  movements  may  originate  either  east  or  west  from  this 
point. 

Outlying  Yards. — At  ^Manhattan  Transfer,  where  the  interchange 
of  steam  and  electric  power,  and  the  Rapid  Transit  connection  to 
Jersey  City  and  the  down-town  district  of  New  York,  are  made,  two 
very  complete  electro-pneumatic  interlocking  plants  are  provided,  con- 
trolling all  main-line  switches  from  the  Passaic  River  to  the  separation 
of  the  New  York  and  the  Terminal  Divisions  at  the  east  end  (Plates 
cm  and  CIV).  These  interlockings  required  considerable  complica- 
tion of  circuit  work  to  permit  of  high-speed  operation  through  the  yard 
with  sufficient  advance  information  for  the  control  of  movements. 

At  Sunnyside  Yard  (Plate  CV)  four  interlockings  were  required, 
two  for  main-line  movements  to  and  from  the  tunnels  and  for  the  Long 
Island  Railroad  movements  through  the  yard,  and  two  for  switching  in 
the  yard  proper. 

Type  of  Signals. — The  "Rudd  and  Rhea"  arrangement  has  been 
adopted  for  the  signal  arms  and  lights.  A  signal  consists  of  a  3-position 
arm  to  combine  the  functions  of  two  signals  having  but  two  positions 
each,  with  the  movements  of  the  arm  from  horizontal  to  vertical 
through  the  upper  quadrant.  The  fact  that  the  signal  is  automatic 
is  conveyed  by  pointing  the  blade  for  day  indication  and  by  a  fixed 
light  underneath,  staggered  in  position,  for  night  indication.  Inter- 
locking signals  are  multiple-arm,  with  square  end  and  vertical  lights; 
the  top  arm  for  high  speed,  the  second  for  limited  speed,  and  the  low;er 
one,  or  a  dwarf  signal,  for  low  speed.  In  the  Station  yard  (Plate  CIV) 
one-speed  signalling  only  is  used;  that  is,  a  high-speed  arm  permits 
movement  at  the  highest  permissible  speed  and  a  lower  or  "calling-on" 
arm  is  provided  for  use  only  when  a  "proceed"  indication  cannot  be 
given  by  the  normal  (or  upper  arm),  or  for  movements  to  the  storage 
yard   or   stub-end   tracks. 

Because  of  the  absence  of  daylight  conditions  in  the  tunnels  and 
in  the  covered  portion  of  the  Terminal  area,  the  use  of  signals  having 
arms  for  defining  their  positions  became  of  secondary  importance,  and 
this  fact,  coupled  with  close  clearances  encountered,  prompted  the 
total  elimination  of  the  arms  from  all  block  signals  in  the  tunnels,  and 
from  all  but  the  ground  or  dwarf  signals  in  the  Station  area,  the  indi- 
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cations  being  given  entirely  by  lights.  This  signal  contains  no 
mechanism  other  than  that  required  for  changing  the  colors  of  sta- 
tionary lights  in  such  a  manner  as  to  reproduce  the  same  colors  and 
combinations  as  called  for  by  changes  in  position  of  a  semaphore  signal 
under  like  conditions  in  the  controlling  currents.  The  signals  are  cast- 
iron  receptacles  cari-ying  colored  lenses,  behind  which  are  located 
standard  4-c.p.  incandescent  lamps  (two  in  multiple  for  each  lens),  and 
the  mechanism  consists  of  relays,  housed  in  separate  shelters  near  the 
signals,  the  contacts  of  which  are  adapted  to  shift  the  current  from 
lamp  to  lamp,  and  thus  change  the  colors  displayed  as  the  relays  are 
energized  or  de-energized  by  manipulation  of  the  machine  levers,  or  by 
the  action  of  trains  on  track  circuits,  or  by  both.  These  relays 
operate  by  A.C  current  in  the  signal  circuit  of  the  track  rails,  and 
are  in  some  cases  of  the  pneumatic  pin  type  actuated  by  A.C.  motors, 
where  connected  to  the  track-stops,  and  in  others  of  the  straight  A.C. 
type  where  signals  alone  are  controlled;  both  types  have  multiple  con- 
tacts, numbering  from  two  to  fifteen,  as  occasion  requires. 

Because  of  the  difficulty  of  obtaining  ample  clearances  and  suitable 
supports  for  semaphore  signals  in  the  yard,  and  in  order  to  maintain  a 
uniform  type  of  signal  within  the  Station  area,  special  hooded  lenses 
and  lamps  of  high  candle-power  are  used  in  the  "lamp"  type  of  signal 
in  these  exposed  places,  and  are  found  to  give  effective  indication  for 
the  possible  range  of  observance.  Elsewhere  on  the  line,  outside  of 
the  terminal  and  tunnels,  this  form  of  signal  would  not  prove  satis- 
factory because  of  the  higher  speeds  and  longer  range  of  observation 
required;  therefore,  the  semaphore  type  is  used  on  the  open  line. 

Circuit  Control. — ^The  control  of  all  signals,  block  or  interlocking, 
is  secured  automatically  by  track  circuits.  In  the  Station  yard  various 
functions  were  required  of  these  circuits  to  permit  of  the  most  flexible 
train  movements  under  the  obscure  physical  conditions.  They  may  be 
classified  as  follows : 

(a)  Circuits  used  as  a  substitute  for  detector  bars; 
(h)  Circuits  for  switch  and  signal  control; 

(c)  Circuits  for  route  locking,  where  trains  passing  home  signals 
electrically  lock,  in  advance,  the  levers  of  all  switches  over 
which  they  are  to  pass,  and  release  the  levers  for  subsequent 
movements  when  the  point  of  clearance  to  the  switches  has 
been  passed; 

(d)  Circuits  for  indication  on  the  track  models  in  the  cabins. 
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In  addition  to  the  above,  seeondary  circuits  are  provided  for  signal 
control  by  lever  position,  by  advance  sijjnals,  l)y  adjacent  towers,  and 
by  tlie  Train   Diri^ctor  through  the  calling-on  arms. 

The  track  circuits  are  maintained  in  the  rails  used  for  the  return 
current  of  the  traction  system,  and  must,  therefore,  be  of  a  selective 
character,  operative  under  all  conditions,  independent  of  the  presence 
of  the  propulsion  current.  This  latter  is  of  the  "direct"  type,  and  there- 
fore the  signal-control  current  was  made  of  the  "alternating"  type, 
acting  upon  relays  which  respond  only  to  this  particular  kind  of  cur- 
rent. Continuity  of  the  rail  circuit  for  the  propulsion  current  is  main- 
tained at  the  end  of  the  switch-control  sections  through  copper  induc- 
tion bonds,  which  allow  the  heavy  propulsion  current  to  pass  without 
materinl  liindrnuce,  and  choke  back  the  alternating  current  sufficiently 
to  maintain  the  required  difference  of  A.  C.  potential  to  operate  the 
signal  relays.  In  the  three  yards,  one  rail  only  is  used  for  the  return 
propulsion  current,  the  other  being  given  up  for  the  signal-control  cir- 
cuits ;  this  is  practicable  and  economical  because  of  the  very  high  carry- 
ing capacity  of  the  numerous  rails  of  the  parallel  tracks,  but  elsewhere 
on  the  main  line  and  in  the  tunnels,  all  rails  are  used  for  the  propul- 
sion return  and  for  the  signal  operations  as  well. 

InterlocJcing  Machines  and  Instruments. — All  interlocking  machines 
are  of  the  well-known  electro-pneumatic  type.  The  control  of  these 
machines  through  the  various  track  and  other  circuits  above  mentioned, 
increases  the  number  of  relays  much  beyond  those  required  by  the 
usual  simple  interlocking  plant,  and  also  requires  generally  a  number 
of  contacts  on  each  relay.  Thus,  relays  are  required  for:  approach 
locking,  and  arc  of  the  A.  C.  yard  type;  an  A.  C.  of  the  same  type  of 
relay  for  the  single-rail  track  circuits  in  connection  with  the  locking 
between  cabins  and  the  train-starting  system;  a  D.  C.  relay,  with  mul- 
tiple contacts,  for  selective  and  route  locking  in  the  cabin  machines;  a 
D.  C.  relay  for  the  light  signals;  and  a  D.  C.  relay  for  control  of  the 
signals  through  the  actual  position  of  the  switch  points. 

A  small  cabinet  is  placed  over  each  interlocking  machine  which,  by 
the  presence  of  a  light  back  of  a  number,  the  same  as  the  number  of 
the  switch  lever,  or  a  number  and  letter  for  signal  levers,  shows  when 
switch  levers  are  unlocked  and  when  signals  can  be  cleared.  An  elec- 
trically-operated track  model  is  also  provided.  This  is  a  miniature 
reproduction   of   the   tracks,   switches,   and   signals    controlled   by    the 
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plant,  the  switches  being  automatically  moved  as  the  routes  are  set  up, 
and  the  occupancy  of  successive  block  sections  through  the  tunnels 
being  shown  by  small  lights  on  the  sections  of  the  model.  Train  de- 
scribers,  consisting  of  a  case  with  a  dial  and  push  button,  for  announc- 
ing departure  of  trains  between  cabins;  telautographs  to  transmit 
special  instructions  of  the  Train  Dispatcher  to  towermen;  telephone, 
telegraph,  and  train-starting  system  instruments,  are  all  provided  in 
the  Station  yard  cabins. 

Power. — Compressed  air  is  used  for  the  mechanical  operations  in  the 
interlocking  plants,  for  the  track  stops  in  the  tunnels,  and  for  the  sig- 
nals on  the  Meadows  Section.  Electric  power  operates  the  control  cir- 
cuits for  interlockings,  track  stop  control,  block  signals  in  the  tunnels 
and  yard,  and  signal  lights  on  the  Meadows. 

The  main  air  supply  is  from  the  31st  Street  Service  Plant,  and  is 
relayed  by  compressors  at  Sunnyside  Yard  and  from  the  New  York 
Division  plant  at  the  Meadows  Shops. 

The  piping  system  consists  of  duplicate  parallel  lines  in  the  Station 
yard  and  by  a  line  in  each  tunnel,  with  cross-connections  for  emergency. 
The  pipes  are  run  in  the  subways  under  the  yard  tracks,  and  at  the  side 
of  the  tunnel  benches,  and  are  accessible  throughout. 

The  electric  power  is  from  the  general  auxiliary  power  system,  else- 
where described,  the  generators,  as  shown,  being  relayed  at  two  different 
power  plants.  The  current  is  single-phase,  60-cycle,  alternating,  dis- 
tributed at  2  200  volts,  from  a  special  switch-board  in  the  Service 
Plant.  All  mains  are  in  duplicate,  and  are  independent  of  those  used 
for  other  purposes.  In  the  yard  and  tunnels  the  mains  are  of  rubber- 
insulated,  lead-covered  cable,  run  in  a  conduit  system;  on  the  Meadows 
and  in  outlying  yards,  they  are  of  bare  copper,  placed  on  the  high- 
tension  power  pole  line.  At  the  signal  cabins  and  automatic  signals, 
transformers  are  provided  for  stepping  down  the  main  current  from 
2  200  to  220  volts  for  the  local  systems.  This  220-volt  current  is  further 
stepped  down,  by  special  transformers  with  double  secondaries,  to  13 
volts  for  the  track  circuits,  and  to  55  volts  for  the  signal  lamps  and 
other  apparatus  using  A.  C.  current.  In  each  interlocking  cabin,  a 
small  motor-generator  converts  the  220-volt,  A.  C.  to  25-volt  D.  C,  to 
supply  the  D.  C.  relays  and  electro-pneumatic  valves.  A  storage  bat- 
tery, charged  by  the  motor-generators,  maintains  constancy  of  the  cur- 
rent supply. 
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Manner  of  Installation.— Because  of  the  complexity  of  the  Station 
yard  track  plan,  caused  by  the  presence  of  traction  appliances,  service 
piping,  etc.,  the  installation  of  all  switch  and  signal  apparatus  and  cir- 
cuit work  has  been  made  as  permanent  and  accessible  as  possible.  All 
groundwork  foundations  are  of  concrete,  and  wires  are  run  in  fiber 
conduits  set  in  concrete.  The  subways  under  the  tracks,  and  the  high 
station  platforms,  provided  convenient  and  accessible  space  for  the  air- 
pipe  runs,  for  a  large  part  of  the  wiring  system,  and  for  housing  the 
instruments  in  their  proper  locations,  so  that,  while  the  quantity  of 
apparatus  and  wirinj^:  in  the  yard  is  very  great,  it  is  felt  that  all  parts 
of  the  system  can  be  reached  for  ready  inspection  and  repairs. 

Table  16  is  a  summary  of  the  various  interlocking  plants  and  the 
movements  controlled. 


TABLE  16. — Cabin  Movements. 


Location. 


Pennsylvania  Station  Vard 

Sunnyside  Yard 

Manhattan  Transfer 

Sunnyside  Yard 

Manhattan  Transfer 

Haekensack  River  Bridge. 


Number 

OF  Levers: 

Switches 

Signals. 

Trafflc. 

Spare. 

Total, 

(i8 

71 

2 

88 

179 

17 

13 

0 

17 

47 

19 

15 

2 

11 

47 

23 

26 

2 

20 

71 

11 

12 

G 

18 

47 

14 

10 

2 

21 

47 

28 

26 

6 

11 

71 

22 

18 

0 

31 

71 

15 

15 

0 

28 

59 

25 

23 

10 

25 

83 

2 

2 

5 

2 

11 

The  number  of  relays  required  for  the  operation  of  Cabin  "A"  is 
900,  and  the  total  number  for  all  cabins  is  2  600.  The  total  length  of 
signal  wire  used  was  1  530  miles. 

Organization. 

The  organization  for  carrying  on  the  work  of  the  writer's  Division 
was  developed  primarily  for  designing  and  later  for  construction  as 
well. 

Committee  Work. — The  committees  of  Pennsylvania  Railroad 
operating  officers  formed  the  nucleus  for  the  early  and  general  deter- 
minations, and,  as  the  work  progressed,  passed  upon  general  plans  and 
operating  methods,  submitted  to  them  by  the  engineering  organization. 
Thus,  at  all  stages  of  the  work,  the  general  officers  of  the  road  were  in 
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touch  with  the  Terminal  developments,  gave  valuable  advice,  and  fixed 
its  operating  characteristics.    The  most  important  Committees  were : 

First. — The  Yard  Committee;  determining  capacity,  train  move- 
ments, etc.,  of  the  Terminal,  and  developing  a  track  plan; 

Second. — A  Station  Committee,  formed  to  consider  the  building 
plans  as  regards  the  needed  operating  facilities,  sizes  of  the 
different  rooms,  etc.; 

Third. — An  Operating  Committee,  determining  tunnel  size,  signal 
system,  and  general  operating  facilities. 

These  committees  had  J.  T.  Kichards,  M.  Am.  Soc.  C.  E.,  Chief 
Engineer  of  Maintenance  of  Way,  as  Chairman,  and  other  important 
operating  officers  as  members.  Subsequently,  these  three  committees 
were  merged  into  a  Joint  Operating  Committee,  with  Mr.  Richards  as 
Chairman, 

Fourth. — A  Mechanical  and  Electrical  Advisory  Committee,  with 
T.  N".  Ely,  M.  Am.  Soc.  C.  E.,  Chief  of  Motive  Power,  as  Chair- 
man, formed  to  pass  upon  the  power-system  machinery  and 
other  matters  of  a  mechanical  nature; 

Fifth. — A  Locomotive  Committee,  consisting  of  the  General  Super- 
intendents of  Motive  Power,  Lines  East  and  West  of  Pitts- 
burg, the  Mechanical  Engineer,  and  the  writer  as  Chairman; 
to  develop  a  suitable  design  of  electric  locomotive; 

Sixth. — A  Signal  Committee,  acting  as  Sub-Committee  of  the 
Operating  Committee; 

Seventh. — Other  special  committees,  such  as  for  Sunnyside  Yard, 
with  Mr.  F.  L.  Sheppard,  General  Superintendent,  as  Chair- 
man, to  report  on  particular  subjects  as  occasion  required. 

In  order  to  present  to  these  committees,  from  time  to  time,  plans 
and  information  regarding  the  work,  the  writer  was  made  a  member 
of  each. 

Division  Organization. — The  actual  work  of  design  and  construction 
was  carried  out  by  a  Divisional  organization,  under  the  Chief  Engineer 
of  Electric  Traction  and  Station  Construction,  who  was  in  executive 
charge  of  all  work  described  in  this  paper,  and  who  reported  for  ap- 
proval of  plans,  for  authority  to  incur  expenditures,  and  to  carry  out 
the  work,  to  Samuel  Rea,  M.  Am.   Soc.  C.  E.,  First  Vice-President 
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of  the  Pennsylvania  Railroad.  The  work  of  this  department  consisted 
of:  1st,  designing,  both  directly  and  by  supervision  of  the  plans  of 
architects  and  outside  engineers  employed  by  contract;  2d,  construction 
at  first  hand;  and  3d,  administration  of  all  construction  contracts.  The 
manner  of  executing  only  the  most  important  separate  sections  of  the 
entire  work  can  be  referred  to  here  in  any  detail. 

The  first  is  the  Station  Building.  The  design  of  this  structure  was 
entrusted  to  ^Messrs.  McKim,  Mead  and  White,  Architects,  who  co- 
operated, through  the  Chief  Engineer,  with  Westinghouse,  Church, 
Kerr  and  Company,  the  engineers  selected  to  design  the  steel  frame- 
work. The  building  construction  was  by  the  George  A.  Fuller  Com- 
pany, on  a  percentage  contract,  executed  through  a  special  field  organ- 
ization of  the  Archite<3ts,  under  Mr.  Daniel  T.  Webster,  an  associate 
member  of  the  firm,  acting  as  General  Superintendent.  This  field 
organization  was  sub-divided  into  Superintending  and  Inspecting,  Time 
and  Material  Checking,  Auditing,  and  Contract  Divisions.  The  General 
Superintendent  reported  to  the  Chief  Engineer  for  authority  to  incur 
each  separate  expenditure  under  the  main  and  sub-contracts  of  the 
Fuller  Company. 

The  second  section  is  that  of  miscellaneous  outside  engineering  and 
construction.  This  was  entrusted  to  Westinghouse,  Church,  Kerr  and 
Company,  under  percentage  contracts,  allowing  such  latitude  as  seemed 
fit  to  the  Railroad  Company  in  selecting  the  best  manner  of  prosecuting 
the  work.  Under  this  arrangement  the  above  organization  supple- 
mented the  staff  of  the  Chief  Engineer  in  much  important  engineering 
work,  furnishing  the  designs  for  the  street  bridging  and  viaducts,  the 
sub-structures  in  the  Station  Yard,  the  machinery  for  the  interior 
services  of  the  Station  Building,  and  the  Main  and  Service  Power- 
houses, as  well  as  other  miscellaneous  engineering  advice.  They, 
further,  executed  certain  construction  work,  as  from  time  to  time 
authorized,  notably,  the  power-houses  and  the  interior  services  of  the 
Station.  This  construction  was  administered  in  a  similar  manner  to 
that  of  the  Station  Building,  through  a  field  office  under  George  B. 
Caldwell,  M.  Am.  Soc.  C.  E.,  General  Superintendent  of  Westinghouse, 
Church,  Kerr  and  Company,  and  reporting  to  the  writer. 

The  third  section  covers  the  designing  and  construction  work  done 
directly  by  the   Chief  Engineer's   department.     This,   in   general,   in- 
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eluded  the  determination  of  plans  and  reports  to  the  Management,  the 
design  and  construction  of  the  traction  and  auxiliary  power  systems,  the 
installation  of  machinery  in  the  sub-stations,  the  Sunnyside  Yard  and 
tunnel  facilities,  and  of  twenty-eight  buildings  at  various  points  on 
the  railway;  also  the  laying  and  ballasting,  through  the  Division  Super- 
intendent, of  all  tracks  (except  west  of  the  Hackensack  Portal),  the 
erection,  by  contract,  of  thirty-six  buildings,  and  supervision  of  the 
installation  of  the  signal  system. 

The  departmental  construction  was  under  the  direct  charge  of  Mr. 
Hugh  Pattison,  Superintendent  of  Construction,  and  his  Assistant, 
Mr.  C.  G.  Edwards,  and  included  the  simultaneous  prosecution  of  a 
great  variety  of  work  in  the  shortest  possible  time,  and  in  many 
instances  under  exceptional  difficulties. 

The  electrical  designing  work  was  in  charge  of  Mr.  S.  A.  Spalding, 
Electrical  Engineer;  the  buildings  and  structures,  Mr.  E.  D.  Coombs, 
Structural  Engineer;  and  the  signal  system,  Mr.  W.  N.  Spangler, 
Supervisor  of  Signals.  The  inspection  of  materials  and  machinery 
in  process  of  manufacture,  and  of  work  under  construction,  was 
entrusted  to  Mr.  L.  S.  Boggs.  The  trackwork  was  installed  by  Mr. 
C.  S.  Krick,  Superintendent,  with  his  divisional  organization  under 
Mr.  C.  I.  Leiper,  Division  Engineer,  and  Mr.  T.  J.  Skillman,  Super- 
visor. The  general  accounting  was  in  charge  of  Mr.  E.  J.  Bell,  Chief 
Clerk  in  the  Chief  Engineer's  office.  E.  E.  Hill,  M.  Am.  See.  C.  E., 
Assistant  to  the  Chief  Engineer,  was  specially  charged  with  the  details 
of  the  engineering,  construction,  and  inspection  work  as  a  whole. 

Number  of  Men  Employed. — The  following  data  will  perhaps  be  of 
interest,  in  connection  with  this  extensive  work : 

Average  office  force  employed  in  designing  and  supervising 
work  by  the  Architects',  Engineers'  and  Chief  Engi- 
neer's offices 272 

Average  force  for  inspection  materials 40 

Average  field  force  (workmen)  for  last  two  years : 

Chief  Engineer's  organization 1  760 

George  A.  Fuller  Company 1  800 

Westinghouse,  Church,  Kerr,   and   Company 1 100 

Other  contractors 2  980 

Maximum  number  of  men  engaged  simultaneously  on  work 

of  this  Division 8  529 

Average  number  for  the  last  two  years 7  641 
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CiiNTUArTS. 

Till'  'rcniiiiial  |)i\isi(Hi  foiistnu-tidii.  lurciii  (Icsi-riliril.  invdlvi'd  tlu; 
execution  uf  more  tlum  100  fonnal  foiitracts  for  the  iiiiitortaiit  sopanilu 
sections  ol'  tlie  work,  aside  from  ui)\vards  of  100  000  orders,  given  in  the 
usual  manner,  for  misccllaueous  nuiterials.  The  eoutraets  wore  made 
on  forms  ai)pr(>v('.l  liy  tlie  Legal  Department  of  the  Koail.  The  follow- 
ing eontrat-tors  suiiplicij    important  machinery  and  furnishings: 

Arc    lights V(Iams-r>agnall    Comi)any. 

Ammonia    compressors York   Afanufacturing  Company. 

Air     compressors rngersoll-Kand  Company. 

''  "  Xordhcrg  ^lanufacturing  Company. 

Boilers    Babcock  and  Wilcox  Company. 

Brick  (courts  and  driveways) Harbison-Walker  Bef ractories  Com- 
pany. 
"      (connnon  and  enamel) Sayre  and  Fisher. 

Centrifugal    pumps Jeanesville  Iron  Works  Company. 

''  ''       Henry  R.  Worthington. 

Cabinet    work Brunswick,    Balke,    Collender   Com- 
pany. 

Cabinet  work  and  interior  trim..  .Sloane  and  Moller. 

Cranes Northern  Engineering  Works. 

Copper  cable   (bare) American  Steel  and  Wire  Company. 

Column  casings  (Station  Building),!.  B.  and  J.  M.  Cornell  Company. 

Clocks   Self-Winding   Clock   Company. 

Cement   "Atlas,"  "Alpha,"  and  "Giant." 

Electric    machinery Westinghouse    Electric    and    ^lanu- 

facturing  Company. 

Economizers    , (Jreen  Fuel  Economizer  Company. 

Electric   switches A.  and  J.  M.  Anderson  Manufactur- 
ing Company. 

Elevators  (Station  Building) Otis  Elevator  Company. 

"  (Sunnyside    Yard) Albro-Clem  Elevator  Company. 

Electric    lights Xernst  Lamp  Company. 

Escalator    Otis  Elevator  Com]iany. 

Excavation    (Terminal   Yard,    and 

erection   of   viaducts) New  York  Contracting  Company. 

Electric    light   fixtures Edward  F.  Caldwell  and  Comjiany. 

Frogs  and  switches Pennsylvania  Steel  Company. 

Fire-alarm    apparatus Gamewell     Fire     Alarm     Telegraph 

Company. 

Fire-proofing    National  Fi reproofing  Comj)any. 

Garbage    destructor Morse-B>olger  Company. 
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Gate-operating    device Burdett-Rowntree       Manufacturing 

Company. 

Granite   Norcross  Brothers  Company. 

Glass   Pittsburg  Plate  Glass  Company. 

Inspection:  Structural  steel William  R.  Webster,  M.  Am.   Soc. 

C.  E. 
Insulated  cable Standard  Underground  Cable  Com- 
pany. 

"  "     General  Electric  Company. 

"  "     J.  A.  Roeblings'  Sons  Company. 

Kalamein  wood  frames  and  sash.  .  Sloane  and  Moller. 

"  "  "  "       "     .  .  Manhattan    Fireproof    Door    Com- 

pany. 

Kitchen  equipment Duparquet,  Huot  and  Moneuse. 

Locks  and  hardware P.  and  F.  Corbin. 

Lifts  (baggage  and  passenger)  ....  Standard    Plunger    Elevator    Com- 
pany. 
Lathing  and  plastering  (Station). H.  W.  Miller,  Inc. 

Marble  work Patterson  and  Eisle. 

Miscellaneous   marble J.  H.  Shipway  and  Brother. 

"  "       Traitel  Marble  Company. 

Mail-handling    machinery Lamson  Consolidated  Store  Service 

Company. 
Ornamental   ironwork   (Station)  .  .Hecla  Iron  Works. 

"  "  "         .  .Richie,  Browne  and  Donald. 

Oil-handling     system,      Sunnyside 

Yard    S.  F.  Bowser  Company,  Inc. 

Paint   (for  structural  steel) Toch  Brothers. 

"  "  "  "      Detroit  Graphite  Company. 

Plumbing   fixtures Sanitas  Manufacturing  Company. 

Pumps    (Power-houses) Epping-Carpenter  Company. 

"  "  The  Heisler  Company. 

"  "  Henry  R.  Worthington. 

"  (Tunnels) Union  Steam  Pump  Company. 

Paving   brick C.  C.  Hendrickson. 

Pneumatic   tubes Interstate    Pneumatic    Tube    Com- 
pany. 

Pipe  covering Iveasbey  and  Mattison  Company. 

"  "       Johns-Manville  Company. 

Power-house  construction  and  Sta- 
tion  services Westinghouse,     Church,     Kerr     and 

Company. 
Radiators    (Station   Building).  ..  .American  Radiator  Company. 

Refrigerating    machinery Brunswick  Refrigerating  Company. 

Refrigerator   boxes Lorillard  Refrigerator  Company. 
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Koofing    (skylights) National  Ventilator  Coinpaiiy, 

"  (Station   Building) J.  C.  McFarland  Company. 

Kail    (track) Bethlehem  Steel  Comi>any. 

"  "       Cambria  Steel  Company. 

Seats   (Station   Building) Brunswick,    Balkc,    Collender   Com- 
pany. 
Structural    steel    (Station    Build- 
ing and  viaducts) American  Bridge  Company. 

Steel    poles ^[cClintic-Marshall        Construction 

Company. 
Station     Building     (General     eon- 
tractors)    George  A.  Fuller  Company. 

Signal  cables Kerite    Insulated    Wire    and    Cable 

Company. 
Signals    The  Union  Switch  and  Signal  Com- 
pany. 

Safes    York  Safe  and  Lock  Company. 

Stack   lining M.  W.  Kellogg  and  Company. 

Steel  lockers  and  equipment Merritt  and  Company. 

"         "  "  "  WajTie  Iron  Works. 

"         ''         (ticket       cases       and 

equipment)     General  Fireproofing  Company. 

Steel  fencing  (Sunnyside  Yard).. Wayne  Iron  Works. 

Spiral  mail  chutes Otis  Elevator  Company. 

Third-rail   Cambria  Steel  Company. 

Telephone   cables The  Waterbury   Company. 

"  "     Western  Electric  Company. 

Telautographs    Gray  Telautograph  Company. 

Train  indicators National  Indicator  Company. 

Tower    foundations     (Hackensack 

River  transmission  crossing). F.  M.  Stillman  and  Company. 

Turbines    Westinghouse  Machine  Company. 

Umbrella  sheds  (Sunnyside  Yard)Brann  and  Stuart. 
Ventilating  fans   (for  tunnels)  . .  .  American  Blower  Company. 
«  "      (station  heating)B.  F.  Sturtevant  Company. 

Vault  lights Tucker  and  Vinton. 

Vaults    York  Lock  and  Safe  Company. 

Valves    Chapman  Valve  Company. 

"        Nelson  Valve  Company. 

Water  filters Loomis-Manning  Company. 

Yard      Buildings      (blower-houses 

and  signal  cabins) John  W.  Ferguson  Company. 

Conclusion.— The  writer,  in  concluding  this  lengthy,  but  inadequate, 
description  of  a  portion  of  this  great  terminal  construction,  desires 
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to  express  his  obligations  to  very  many  persons,  the  officials  of  the 
Pennsylvania  Kailroad  Company,  his  staff,  and  many  others.  He  feels 
unable  to  do  this  adequately,  but  the  following  names  should  be 
specially  mentioned:  The  late  Mr.  A.  J.  Cassatt,  President,  to  vi^hose 
extraordinary  foresight  and  grasp  of  detail  is  due  the  Tunnel  Extension 
and  Station  as  an  accomplished  fact,  substantially  in  detail  as  he  had 
approved  it  years  before  its  construction;  Mr.  Samuel  Rea,  First  Vice- 
President,  the  Executive  in  direct  charge  of  the  entire  project  for  which 
he  had  labored  for  so  many  years,  and  to  whom  the  writer  feels  under 
special  obligations  for  support  and  confidence  in  his  efforts;  A.  J. 
County,  Assoc.  Am.  Soc.  C.  E.,  in  discharging  his  varied  duties  as 
Assistant  to  the  First  Vice-President  in  connection  with  the  work;  the 
Directors  of  the  Company,  and  its  President,  Mr.  James  McCrea,  who 
continued  and  financed  the  great  work;  and  to  the  other  Executives, 
who  take  possession  of  the  completed  project  and  assume  the  responsi- 
bility of  making  it  a  commercial  success  in  its  operating  and  traffic  rela- 
tions. The  writer  is  also  indebted  to  the  members  of  the  Pennsylvania 
Railroad  Committees,  for  valuable  assistance,  among  whom  are : 

Mr.  J.  T.  Richards,  Chief  Engineer,  Maintenance  of  Way. 

Mr.  T.  N.  Ely,  Chief  of  Motive  Power. 

Mr.  J.  R.  Wood,  General  Passenger  Agent. 

Mr.  C.  M.  Sheaffer,  Superintendent,  Passenger  Transportation. 

Mr.  R.  M.  Patterson,  Superintendent,  Freight  Transportation. 

Mr.  R.  L.  O'Donnell,  General  Superintendent,  B.  &  A.  V.  Division. 

Mr.  Ralph  Peters,  President,  Long  Island  Railroad  Company. 

Mr.  J.  A.  McCrea,  General  Superintendent,  Long  Island  Railroad 
Company. 

Mr.  L.  R.  Zollingei%  Engineer,  Maintenance  of  Way. 

Mr.  A.  W.  Gibbs,  General  Superintendent,  JMotive  Power. 

Mr.  D.  F.  Crawford,  General  Superintendent.  Motive  Power,  Lines 
West. 

Mr.  A.  S.  Vogt,  Mechanical  Engineer. 

Mr.  A.  H.  Rudd,  Signal  Engineer. 

Mr.  J.  T.  Fisher,  Superintendent  of  Telegraph. 

Mr.  J.  C.  Johnson,  Superintendent  of  Telegraph. 

Mr.  II.  C.  Booz,  Principal  Assistant  Engineer,  Branch  Lines. 

Mr.  F.  L.  Sheppard,  General  Superintendent,  and  his  staff,  for 
practical  assistance  in  many  operating  details. 
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Tlie  Division  Superiutondent,  Mr.  C.  S.  Krit-k,  and  staff,  lor  con- 
stant ami  helpful  suggestions  in  the  design,  and  for  assistance  in  con- 
struction work. 

The  Architects,  Messrs.  JMcKini,  ilead  and  White,  especiall.v  Mr. 
\V.  SyuHiies  Kicluirdson,  of  that  lirni,  and  Mr.  1).  T.  Wohster,  for  able 
and   ('(inlial  co-operation. 

.Messrs.  George  A.  Fuller  Compan.v,  Mr.  A.  M.  Ganson,  General 
Superintendent,  for  efficient  Station  Building  construction. 

Westinghouse,  Church,  Kerr,  and  Compan.v,  and  especiall.v  Messrs. 
Francis,  Caldwell,  and  O'Brien,  of  that  Compan.v,  for  expert  advice 
and  assistance  in  a  great  variety  of  engineering  and  construction  work. 

Mr.  F.  ir.  Shepard,  Special  Representative  of  the  Westinghouse 
Electric  and  Manufacturing  Company,  for  helpful  assistance. 

The  many  Contractors,  for  the  complete  and  prompt  carr\-ing  out 
of  their  obligations. 

And.  lastly,  the  staff  of  the  writer,  especially  Mr.  E.  R.  Hill,  Chief 
Assistant,  Mr.  Hugh  Pattison,  Superintendent  of  Construction.  Mr. 
L.  H.  Barker,  Resident  Engineer,  Mr.  S.  A.  Spalding,  Electrical  Engi- 
neer, Mr.  R.  D.  Coombs,  Structnral  Engineer,  Mr.  L.  L.  Newman, 
Engineer,  and  Mr.  E.  J.  Boll,  Chief  Clerk,  in  the  faithful  performance 
of  arduous  duties. 
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To  engineers  who  have  had  experience  with  the  mule,  which 
possesses  the  intelligence  of  the  horse  and  all  the  stubbornness  of  the 
burro,  the  title  of  this  paper  may  seem  somewhat  ludicrous,  but, 
with  all  his  capriciousness,  that  animal  has  proved  himself  a  capable 
and  useful  member  of  surveying  parties  in  Central  America.  It  may 
be  that  the  writer  has  been  absent  from  highly  civilized  countries  too 
long  to  keep  in  touch  with  current  literature,  but  he  has  never  heard 
of  the  mule  being  used  in  the  manner  described  in  this  paper. 

Eoconnaissance  work,  as  far  as  the  writer  knows,  has  never  been 
reduced  to  an  exact  science.  On  railroad  work  the  old  and  experienced 
engineer  is  usually  sent  out  to  make  the  reconnaissance,  and  this  he 
does  in  walking  or  riding  over  the  country.  By  his  experience  he  can 
tell  whether  or  not  a  line  is  possible,  as  his  eye  is  trained  to  measure 
cuts  and  fills,  estimate  the  cost  of  bridges,  and  judge  as  to  curvature, 
etc.  In  the  United  States  he  can  usually  obtain  a  map  of  the  country 
from  the  Geological  Survey,  but  in  Central  and  South  America,  and  in 
other  countries  which  may  be  said  to  be  in  the  first  stages  of  develop- 
ment, maps  are  not  obtainable,  or  are  very  inaccurate. 

Note. — These  papers  are  issued  before  the  date  set  for  presentation  and  discus- 
sion. Correspondence  is  invited  from  those  who  cannot  be  present  at  the  meeting, 
and  may  be  sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or  written,  will 
be  published  in  a  subsequent  number  of  Proceedings,  and,  when  finally  closed,  the 
papers,  with  discussion  in  full,  will  be  published  in  Transactions. 
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The  railroad  or  mining  engineer  who  is  sent  to  the  Tropics  to 
report  on  the  feasihility  of  a  railroad  line  or  the  opening  of  a  mining 
concession,  disembarks  from  the  steamer  at  a  little  port,  and  is  there 
confronted  by  the  wilderness.  The  company  which  has  sent  him  out 
cannot  allow  him  sufEcient  time  to  make  a  geodetic  map  of  the  country. 
He  must  get  his  information  quickly  and  return  home  with  his 
report.  In  all  lines  of  business  and  in  engineering  there  is  a  fixed 
relation  between  the  degree  of  accuracy  required  and  the  work  itself. 
In  the  reconnaissance  survey  the  mule  fixes  that  relation. 

There  should  be  two  engineers  in  the  party;  one  could  do  all  the 
work,  but  two  can  observe  more  and  make  the  work  move  more 
quickly.  The  instruments  required  are  two  small  aneroid  barometers, 
a  pocket  prismatic  compass  (or  a  plain  pocket  compass  which  may  be 
read  to  5°),  a  wrist  strap  holding  a  cheap  watch  reading  to  seconds, 
geological  hammers,  notebooks,  pencils,  etc.  The  work  may  be  done 
with  one  barometer,  but  if  two  are  carried  it  may  prevent  the  delay 
caused  by  going  back  to  pick  up  a  known  elevation  if  one  barometer 
meets  with  an  accident  or  has  been  jumped  up  a  few  hundred  feet. 

Naturally,  the  barometers  carried  should  be  capable  of  recording 
the  highest  elevation  which  will  be  observed,  and  they  should  be  read 
to  the  nearest  2  ft.  The  geological  hammers  are  necessary,  as  they  aid 
in  determining  the  character  of  the  rocks,  and  this  may  be  of  great 
value  to  the  railroad  engineer.  For  example,  certain  rocks,  when 
exposed  to  the  elements,  disintegrate  easily  and  cause  serious  slides 
during  the  rainy  season.  Then,  too,  soft  rock  on  the  banks  of  rivers 
is  likely  to  be  eroded  in  the  course  of  ten  years,  thus  making  it  necessary 
to  re-locate  the  line.  In  Central  America  the  writer  has  seen  the 
results  of  such  mistakes  in  location,  the  cost  of  maintaining  such  a 
road  being  enormous. 

Before  leaving  sea  level  both  barometers  should  be  read  every  half 
hour  for  several  days.  This  can  be  commenced  on  the  steamer  while 
en  route.  In  Central  America  the  barometer  reading  is  normal  at 
9  A.  M.  From  that  time  until  about  3  p.  M.  the  readings  will  increase. 
This  is  illustrated  by  Table  1,  which  shows  typical  barometric  readings 
in  Guatemala  City.  At  T  a.  m.  the  readings  are  20  ft.  low;  at  9  a.  m. 
they  are  normal;  at  noon  they  read  55  ft.  high;  and  at  3  p.  M.  they 
have  reached  the  maximum  reading  for  the  day. 

At  sea  level  the  normal  reading  of  Barometer  No.  1  was  GOO  ft., 
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that  is,  its  constant  was  — 660;  and  the  constant  of  Barometer  No.  2 
was  — 310.  Applying  the  necessary  corrections,  the  figures  in  the 
columns  headed  "Barom.  No.  1"  and  "Barom.  No.  2"  indicate  the 
number  of  feet  to  be  subtracted  from  readings  taken  throughout  the 
day  on  the  trail.  Of  course,  areas  of  pressure  in  the  atmosphere  cause 
changes  of  several  hundred  feet,  but  by  reading  the  barometers  at  the 
end  of  a  day's  journey  and  again  before  starting  the  next  morning, 
the  change  can  be  detected.  The  writer's  experience  has  been  that 
wlieu  a  heavy  change  occurs  it  takes  5  or  6  days  to  reach  its  maximum 
and  about  the  same  time  to  return  to  normal.  It  is  not  of  very  much 
conse(iuenee  to  catch  these  changes  while  the  party  is  moving,  as  the 
difference  rarely  amounts  to  30  ft.  a  day.  As  the  average  daily  journey 
is  15  miles,  and  for  much  of  the  time  is  25  miles,  1  or  2  ft.  per  mile 
would  not  be  noticed.  Using  the  table  of  corrections,  the  writer  has 
checked  the  barometric  heights  very  closely  in  a  day's  journey  (within 
10  ft.  of  the  elevations  printed  on  the  time  cards  of  some  of  the 
railroads  in  Central  America).  When  an  elevation  of  5  000  ft.  above 
sea  level  is  reached,  or  when  the  party  makes  a  change  in  location  of 
4°  or  5°  of  latitude,  it  is  well  to  make  out  a  new  table  of  corrections. 


TABLE  1. — Barometric  Corrections. 


Time. 

Corr. 

Baroni.  No.  1. 

Barom.  No.  2. 

Remarks. 

7  a.  m. 

^  20 

—  6-10 

—  290 

Constant  on  No.  1  at  sea 

-^Vi 

+  15 

-645 

—  295 

level  =  —  660  ft. 

8 

+  10 

—  650 

—  300 

8H 

+  5 

—  655 

-305 

Ditto  on  No.  2  =  —  310  ft. 

9 

0 

—  660 

—  310 

^M 

-  5 

-665 

—  315 

10 

—  15 

—  675 

—  325 

1014 

—  35 

—  685 

—  335 

11 

—  40 

—  700 

—  350 

ll'/o 

-50 

—  710 

—  360 

12  N. 

-55 

—  715 

-365 

nVi  p.  M. 

—  60 

-720 

-370 

1 

-05 

—  725 

—  375 

1^ 

—  70 

-730 

-380 

3 

—  75 

—  735 

-385 

214 

-80 

-740 

—  390 

3 

—  85 

—  745 

-395 

314 

-85 

—  745 

—  395 

4 

—  80 

-740 

—  390 

4^ 

—  75 

-735 

-385 

.5 

—  70 

-730 

—  380 

5^ 

—  65 

—  725 

—  375 

In  order  to  obtain  some  idea  of  the  rate  at  which  a  mule  travels, 
it  is  advisable  to  ride  him  over  a  measured  distance  of  600  or  1  000  ft. 
at  his  natural  walking  gait.     The  writer's  experience  has  been  that  the 
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avernge  imih'  travels  j^^  iiiik'  jar  iiiiu.  on  ground  varying  from  li-vcl 
up  to  a  t^lopo  of  10'  iroMi  tlio  horizontal.  On  moderate  hills  ho  will 
make  j^,  or  possibly  ^\^.  niile  per  min.  On  steep  slopes  he  may  make 
""ly  if\  HiiltJ  per  min.,  and  on  certain  steep  trails  in  (tuatemala  the 
writer  has  had  occasion  to  allow  only  ^^  mile  per  min.  Usually  the 
rates  of  ^'c  ^s,  /©,  ^^g,  and  ^^^  mile  per  min.  will  sntlice  for  the  slopes 
generally  met.  The  figure  for  jog  trotting  would  he  ahout  ,'„  mile 
per  min. 

It  is  the  duty  of  the  engineer  who  earrii's  tlu-  wateh  to  reeord  the 
mule's  rate,  as  indicated  on  the  sample  page  of  notes  (Table  2).  In 
order  to  approximate  closely  at  first,  it  is  well  to  select  with  the  eye 
a  point  100  ft.  ahead  (a  stuiu]),  or  ti'ee,  or  clump  of  grass),  and  note 
the  number  of  seconds  required  by  the  mule  to  traverse  that  distance. 
A  table  can  be  readily  made,  showing  the  number  of  seconds  required 
to  travel  100  ft.  at  the  various  rates,  and  can  be  kept  at  the  back  of 
the  notebook.    The  time  should  be  recorded  whenever  the  rate  changes. 

The  time  is  also  noted  when  certain  prominent  topographic  features 
are  passed,  and  when  the  course  is  changed,  but  not  closer  than  ^  min. 
The  notes  and  explanations  on  Fig.  1,  a  sample  page  of  the  notebook, 
illustrate  the  method  of  carrying  on  the  work.  The  notes  are  recorded 
in  lead  pencil  by  the  engineer  wdio  rates  the  mules.  On  the  left  page 
(Table  2)  he  records  the  time,  rate,  azimuth  or  compass  course,  and  the 
readings  of  the  barometers.  On  the  right  page  (Fig.  1)  he  sketches 
the  country  as  far  as  he  can  see,  and  also  makes  note  of  the  geology. 
Notes  regarding  the  compass  and  the  geology  are  made  by  the  second 
engineer.  Whenever  he  calls  out  a  change  in  the  course,  the  first 
engineer  records  it,  together  with  the  time.  Of  course,  the  notes  are 
very  crude  and  difficult  to  make  out,  and  therefore  they  must  be  put 
in  order  and  inked  in  immediately  after  stopping  work  each  day. 

The  sample  notes  show  that  Engineers  Dawson  and  Millard  left 
the  hotel  at  San  Felipe  at  7.31  a.  m.,  going  at  the  rate  of  ^V)  niile  per 
min.  The  barometric  elevations  were  compared,  and  cheeked  within 
10  ft.  The  course  taken  read  20^  on  the  compass.  At  7.33  a.  m.  the 
course  changed  to  10°,  and  at  7.33|  the  last  street  of  the  village  was 
passed.  At  7.37  the  grade  became  steep  enough  to  change  the  rate  to 
/ff  mile  per  min.,  and  at  the  same  time  the  course  was  changed  to 
0°,  etc.,  etc. 

The  figures  in  the  coUunn  headed  "Dist.''  represent    the   fractions 
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of  miles  traveled  on  each  course,  and  are  deduced  for  the  purpose  of 
plotting  the  notes.  The  corrected  barometric  readings  are  written  in 
red  ink   (in  italics  in  the  sample  reproduced). 


TABLP]  2. — Reconnaissance,  San  Felipe  to  Quezaltenango. 
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The  accuracy  of  this  method  of  surveying  is  surprising.  The  writer 
has  had  the  opportunity  to  check  his  work  with  geographical  maps, 
and  found  no  discrepancy  when  plotted  on  the  scale  of  1  mile  to  the 
inch.  On  a  reconnaissance  from  Quezaltenango  to  Chiantla,  in  Guate- 
mala, and  back  to  Quezaltenango,  a  circuit  of  81  miles  was  made.  For 
six  hours  on  the  first  day  out  it  rained  so  hard  that  it  penetrated  the 
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oil-skin  slickers  worn  by  the  party.  The  trail  was  very  mountainous 
and  the  g'^ff-rate  was  used  frequently.  The  error  in  closing  was  only 
g  mile,  and  fell  within  the  limits  of  the  town  site.  The  compass  read- 
ings were  seldom  taken  closer  than  to  5  degrees.  In  addition,  the 
survey  was  plotted  with  topography  extending  to  4  and  5  miles  on 
cither  side  of  the  trail.  Owing  to  the  scarcity  of  heavy  brush  and 
timber  in  Guatemala  the  topography  could  be  sketched  very  well,  but, 
even  in  Nicaragua,  where  the  brush  is  very  thick,  shots  may  be  taken 
to  prominent  peaks  and  ranges  of  hills,  and,  when  plotted,  furnish  data 
much  more  reliable  than  the  memory. 

The  crude  map  thus  produced  certainly  helps  the  railroad  engineer 
to  eliminate  routes  for  preliminary  surveys,  which  might  otherwise  be 
undertaken,  and  the  mining  engineer  can  easily  reduce  to  order  the 
mining,  prospecting,  and  other  geological  information. 

The  cost  of  such  a  reconnaissance  is  not  greater  than  that  of  a 
survey  depending  on  eye  and  memory  only.  The  party  must  penetrate 
the  country,  and  whether  it  travels  by  canoe,  on  foot,  or  on  mule  back, 
the  cost  of  taking  notes  in  the  form  described  herein  is  nothing.  The 
information  obtained,  however,  may  be  such  as  to  warrant  discon- 
tinuing all  work,  thereby  saving  money  which  might  have  been  spent 
on  further  surveys  of  a  more  substantial  character.  Under  the  right 
conditions,  it  is  essentially  the  survey  for  the  engineer  who  has  in 
mind  the  proper  relation  between  time  and  money. 
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Albert  Lucius,  M.  A.m.  Soc.  C.  E.— The  general  facts  shown  by     Mr. 
Mr.   Howard's  valuable  paper  are  that  the  columns  tested   in  a  satis-  ^"'•■•"^• 
factory  manner  up  to  the  elastic  limit  of  the  material,  ami   then  one 
failed  suddenly.     The  tests  of  the  otiiers  were  not  brought  to  a  con- 
clusion. 

The  details  of  the  action,  under  the  test  loading,  of  the  plates 
and  angles  composing  the  column  sections,  are  brought  out  clearly  by 
the  measurements  and  the  accompanying  reasoning  and  explanations, 
but  the  reason  for  the  failure,  at  unit  stress  approximately  represent- 
ing the  elastic  limit,  is  not  brought  out,  and  yet  it  is  the  most  im- 
portant result  of  the  test  that  the  column  did  fail  at  that  limit.  It 
is  true  that  the  practical  value  of  compression  members,  as  parts  of 
a  structure,  ceases  at  the  elastic  limit  of  the  material,  in  the  same 
way  as  the  practical  value  of  tension  members  ceases  at  this  limit, 
and  that,  for  all  purposes  of  ^'sectioning,"  the  elastic  limit  of  the 
material  should  govern,  and  not  the  ultimate  strength ;  but,  as  far 
as  concerns  the  designer  who  is  proportioning  the  several  members  of 
a  structure,  it  is  probably  eciually  true  that  it  is  to  him  of  the  utmost 
importance  to  develop  the  design  and  detail  of  all  compression  mem- 
bers the  same  as  of  tension  members,  so  that  as  wholes  they  not  only 

*  This  discussion  (n(  the  paper  by  JameB  E.  Howard.  Ksq..  published  in  Prnceerlings  for 
February,  1911,  and  presented  at  tlie'nieetinK  of  April  I'.itli.  I'.Hli.  is  printeil  in  Procvi-dinqx 
in  order  that  the  views  expressed  may  be  broutrht  before  all  members  for  further 
discussion. 
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Mr.     act  consistently  up   to  the  elastic  limit  of  the  material   in   all   their 
Lucius.  ^Ip^jjJI^  i^yii  Jjq](J  q^^   against  ultimate   failure,   as  wholes,   to   the   last 
possible   limit.      The   columns   tested   by    Mr.    Howard   evidently    did 
not  do  this. 

Bearing  in  mind  the  fact  that  the  test  columns  were  duplicates 
of  actual  bridge  posts  to  be  connected  to  the  trusses  through  gusset- 
plates  and  riveted  joints,  for  which  purposes  they  were  probably  origin- 
ally proportioned,  and  that  their  change  to  pin-connected  posts  was 
only  for  the  purpose  of  making  these  tests,  it  still  appears  that,  even 
for  this  purpose,  the  pin  bearing  was  insufficient,  for  it  would 
naturally  much  exceed  the  elastic  limit  of  the  material,  locally,  at 
the  pin  bearings  and  in  the  plates  and  details  of  their  attachments, 
by  the  time  the  elastic  limit  was  reached  for  the  sections  of  the  post; 
and  less  than  this  limit  can  hardly  have  been  contemplated  in  the 
tests.  The  proportioning  of  the  pin  bearings  and  attachments  cor- 
responds to  practice,  as  represented  by  most  of  the  specifications,  but 
it  is  one  of  the  points  on  which  most  of  the  specifications  seem  to 
be  inconsistent  and  invite  locally  bad  details  and  overstraining. 

The  feature  which  most  distinguishes  the  make-up  of  the  columns 
from  the  usual  design  is  their  cellular  construction,  the  two  sides,  each 
consisting  of  plates  and  angles  forming  a  channel  shape,  being  stif- 
fened and  connected  by  transverse  frames  at  short  intervals,  which 
made  them  competent,  evidently,  to  permit  the  development  of  strains 
up  to  the  elastic  limit  in  the  section  of  the  columns,  without  material 
deformation,  and  without  calling  in  any  measurable  degree  on  the 
lacing,  which  was  unusually  light.  To  this  light  lacing — or  in  its 
stead,  the  absence  of  a  continuous  longitudinal  diaphragm — the  speaker 
attributes  the  cause  of  the  early  failure  of  the  columns  by  crippling 
at  or  near  the  elastic  limit.  As  long  as  the  strains  were  within  this 
limit,  and  the  material  maintained  its  full  resilience,  the  transverse 
diaphragms  were  sufficient  and  the  cellular  posts  acted  properly  and 
normally.  Wliat  there  was  of  lacing  was  not  called  upon  for  action; 
it  was  in  a  neutral  condition  and  practically  free  of  strain,  as  the 
tests  showed;  but,  when  the  elastic  limit  was  reached  and  the  ma- 
terial became  more  unstable,  it  was  ready  for  deformation  and  needed 
stiffening  to  hold  the  two  sides  of  the  column  in  shape.  Then  the 
lacing  proved  insufficient,  and  the  column  collapsed  sooner  than  it 
should  have  done.  As  a  bridge  post,  it  was  not  proportioned  to  bring 
out  its  highest  possible  resistance  to  overload,  even  though  it  acted 
consistently  and  well  within  the  elastic  limit. 

The  speaker  also  questions  the  propriety  of  the  assumption  of  fact 
that  steel  in  compression  has  the  same  elastic  limit  and  yield  point  as 
steel  in  tension.  It  is  probably  proved  sufficiently  true  that  the 
modulus  of  elasticity  is  the  same  for  both  plus  and  minus  straining, 
but  the  speaker  believes  the  elastic  limit  and  yield  point  for  steel  in 
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compression  to  be  less  by  an  avernge  of  20%  than  for  steel  in  tension.      Mr. 
This  has  been  his  experience  in  making  compression  tests,  which,  how-  ^"t^'""- 
ever,   were   carried   on   without   the   use  of   fine   instruments,   and   for 
general  information  only.     The  Bureau  of  Standards  and  ^\r.  TToward 
can  readily  settle  this  point  definitely  for  the  benefit  of  the  Pr<»fcssion. 

While  (he  speaker  fully  ai>preciates  the  value  of  the  information 
contained  in  this  paper,  he  would  consider  this  value  to  lie  more  in  the 
elucidation  of  the  behavior  of  material  under  compression,  generally, 
than  in  the  development  of  facts  bearing  on  the  proper  proportioning 
of  columns.  In  connection  with  the  general  proportioning  of  columns 
and  compression  posts,  the  speaker  believes:  that  the  more  a  column 
deviates  from  the  general  form  and  properties  of  a  closed  circle  or 
square,  the  less  ultimate  resistance  will  it  possess;  and  that  the  radius 
of  gyration  has  no  meaning  if  there  is  not  sufficient  shear  connection 
between  the  masses  which  determine  its  value.  It  is  this  amount  of 
necessary  shear  connection,  when  the  resiliency  of  the  material  be- 
comes unstable,  which  column  tests  are  hoped  to  furnish  idtimately. 

Leon  S.  Moisskiff,  M.  Am.  Soc.  C  E. — This  paper  treats  of  the  Mr. 
most  important  problem  of  the  day  in  statical  engineering.  The 
strength  and  behavior  of  large  steel  columns  under  load  is  a  matter 
which  vitally  affects  the  safety  of  structures  and  the  economy  of  their 
design.  The  results  of  tests  on  five  large  columns,  each  having  cross- 
sectional  areas  of  about  90  sq.  in.,  made  and  reported  on  by  a  testing 
engineer  of  Mr.  How^ard's  ability  in  research  work,  is  an  unusual  oc- 
currence, even  in  progressive  American  engineering  practice. 

It  is  true  that  the  number  of  members  tested  was  small,  and  not 
sufficient  to  enable  engineers  to  derive  rules  for  practical  guidance  in 
the  wide  field  of  column  application,  yet  the  minute  attention  paid  to 
the  behavior  of  the  columns  when  tested,  and  the  extensometer  observa- 
tions taken  on  many  individual  portions  of  the  member,  make  these 
column  tests  especially  valuable;  the  tests  were  not  quantitative,  but 
qualitative. 

The  paper  is  full  of  dormant  suggestions,  and  contains  the  elements 
for  a  few  possible  studies.  It  is  to  be  regretted,  therefore,  that  the 
-stress-strain  diagrams  of  the  material  of  the  plates  and  shapes  used 
in  building  up  the  columns  (Plates  XV  to  XIX)  do  not  impart  the  in- 
formation they  are  apparently  intended  to  convey.  The  lines  purport- 
ing to  represent  the  stress-strain  diagrams  of  the  tested  specimens  do 
not  seem  to  be  drawn  to  any  scale.  The  speaker  has  tried  to  establish 
the  scale  to  which  these  curves  were  plotted,  but  has  failed  completely. 
What  purpose  do  these  forty  or  more  curves  serve  if  they  do  not  convey 
to  the  reader  a  graphical  picture  of  the  relation  of  strain  to  stress? 
The  value  of  the  information  presented  in  the  paper  is  sufficient  to 
warrant  drawing  the  stress-strain  curves  of  the  component  material 
of  the  columns  to  correct  scale. 
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Mr.  it  would  also  be  ii)terestiiig  to  know  what  is  meant  in  these  diagrams 

Moisseiff.  [jy  (.|jg  "corrected  zero  line." 

The  compressive  strain,  in  stepping  down  from  pin-plate  to  web, 
was  found  by  the  author  to  be  from  0.001  to  0.002  in.  greater  than  that 
observed  on  the  web.  It  developed  a  perfectly  elastic  behavior,  and 
disappeared  with  the  removal  of  the  load.  This  may  be  rationally  ex- 
plained by  the  following  considerations:  The  pin-plates,  when  per- 
forming their  function  and  transmitting  jjressure  from  the  pin  to 
the  web  of  the  column,  do  so  by  means  of  the  rivets  attaching  them 
to  the  web.  The  rivets,  in  transmitting  the  reaction  to  the  web,  are 
subjected  to  shearing  strains  and  to  bending  deflections.  The  pin- 
plate  itself,  in  distributing  the  pressure  from  the  pin  to  the  rivets, 
is  subjected  to  flexure,  and  will  develop  its  greatest  deflection  on  the 
middle  line,  where  the  strain  was  observed.  These  three  strains  will 
combine  to  cause  a  greater  displacement  of  the  edge  of  the  pin-plate 
at  the  middle  line  than  that  due  to  the  compressive  stresses  alone. 

In  attempting  to  evaluate  numerically  the  pin-plate  strains  the 
following  figures  are  obtained :  The  total  load  on  the  column  was 
800  000  lb.,  or  one-half  on  each  jaw.  The  portion  transmitted — on 
the  assumption  of  a  uniform  distribution — by  the  outside  pin-plate 
to  the  web  was  82  000  lb.  There  being  39  rivets  provided  for  this  pur- 
pose, each  rivet  carried  2  100  or  3  040  lb.  per  sq.  in.  Taking  the  co- 
efficient of  elasticity  of  the  rivets  in  shear  at  12  000  000,  the  displace- 
ment of  the  pin-plate,  relative  to  the  web,  due  to  the  shearing  distor- 
tion of  the  rivets,  becomes  0.00025  in.  The  displacement  due  to  the 
flexure  of  the  rivets  was  only  0.00005.  The  greatest  deflection  of  the 
pin-plate,  however,  due  to  its  action  as  a  distributing  beam,  becomes 
0.00118  for  a  coefficient  of  elasticity  of  29  000  000  and  a  depth  of  22.75 
in.  measured  on  the  middle  line.  The  total  strain  of  the  pin-plate 
other  than  that  due  to  direct  compression  becomes,  therefore : 

Due  to  shearing  strain  of  rivets 0.00025  in. 

Due  to  flexure  of  rivets 0.00005    " 

Due  to  flexure  of  pin-plate 0.00118    " 


0.00148  in. 

or,  say,  0.0015  in.     This  is  the  average  of  the  excess  in  the  observed 
strains. 

Evidently,  the  computed  strain  is  generally  sufficient  to  explain 
the  increase  in  strain  observed  in  the  tests.  It  is  probable,  from  the 
indications  of  the  observations  made,  that,  with  the  metal  surround- 
ing the  pin  reaching  higher  stresses,  the  flexure  of  the  pin-plate  was 
considerably  enhanced,  and  that  to  it  was  due  the  observed  strain. 
The  effect  of  the  rivet  distortion  may  be  neglected  as  secondary  in 
importance.  These  figures  are  used  merely  as  an  illustration  and 
only  to  show  relative  values. 
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As  the  deflection  of  tlio  i)lato  is  in  inverse  i)roi)orti<»n  to  its  moment  Mr. 
of  inertia,  and  as  the  latter  varies  with  the  enhe  of  its  Icnt^th,  tlie  ^'"'•'«^'"^- 
importance  of  a  long  pin-phite  becomes  apparent.  A  mere  increase 
of  lenjitli  of  pin-phite  from  its  present  27.25  in.  to  36  in.  would  result 
in  an  increase  of  its  moment  of  inertia  at  the  middle  line  of  2.-5  times, 
and  a  corresponding  decrease  in  its  deflection.  The  latter  would  then 
be  reduced  to  0.0005  in. 

Without  going  into  refined  computations,  the  pin-plates  in  the  col- 
unnis  appear  to  the  eye  of  an  experienced  detailer  to  be  of  insufficient 
length;  nothing  less  than  36  in.  should  have  been  used. 

Passing  from  details,  and  considering  the  results  of  the  author's 
tests  at  Steubenville,  together  with  those  of  other  tests  made  in  recent 
years,  one  arrives  at  the  inevitable  conclusion  that  the  \dtimate  re- 
sistance of  a  well-built  steel  column  is  near  the  elastic  limit  of  its 
component  materials.  No  pure  compression  member  can  reasonably 
be  expected  to  develop  a  greater  resistance. 

By  the  stress-strain  curves  of  the  column,  shown  in  Fig.  6,  the 
author  presents  bluntly  the  gradual  development  of  sets  characteristic 
of  built  compression  members  which  have  been  exposed  to  the  various 
methods  of  manufacturing  and  shop  practice.  The  question  logically 
arises:  Where  is  the  practical  elastic  limit  of  such  columns?  There 
being  no  definite  point  where  the  laws  of  proportionality  cease,  a 
practical  limit,  based  on  past  experiences,  should  be  adopted,  which 
would  allow,  within  the  "elastic  limit"  so  defined,  a  certain  percentage 
of  the  total  shortening  of  the  column  as  a  set.  Any  excess  of  set 
would  then  be  considered  to  be  beyond  the  "elastic  limit."  The  main 
value  of  such  a  conventional  ruling  would  be  to  furnish  a  basis  of 
comparison  with  tension  members. 

In  these  days  of  discussions  on  lacing  bars,  it  is  interesting  and 
instructive  to  find  that  the  strains  observed  by  the  author  on  the  lacing 
of  the  tested  columns  wei-e  insignificant.  A  well-centered,  perfectly 
straight  column,  subjected  to  an  axial  load,  needs  but  little  lacing, 
as  long  as  it  remains  straight.  Inequality  in  the  elastic  behavior  of 
the  column  material  is  insufficient  to  require  heavy  lacing.  Assume 
the  extreme  condition  that  the  coefficient  of  elasticity  of  one  channel 
is  24  000  000,  and  that  of  the  other  is  36  000  000,  which  values  are 
within  those  observed  by  the  author  on  his  specimen  tests:  At  a 
stress  of  20  000  lb.  per  sq.  in.  of  section  of  the  column  tested,  the  tie- 
plates  alone  would  be  able  to  equalize  the  unequal  resistance  of  the 
channels  with  a  shearing  stress  of  3  500  lb.  per  sq.  in.,  and,  together 
with  the  lacing  bars,  with  a  stress  of  about  1  500  lb.  per  sq.  in. 

The  straightness  of  a  column,  however,  is  a  relative  term,  and  here, 
again,  an  inquiry  is  needed  as  to  what  would  be  passed  on  good  inspec- 
tion as  a  "straight"  column,  and  how  much  deviation  from  a  straight 
line  would  have  to  be  allowed  to  meet  the  contingencies  of  evcrj-- 
day  practice. 
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Mr.  The  results  thus  obtained  would  furnish  empiric  data,   on  which 

Moisseiff.  ^  practical  column  formula  could  be  established,  which  would  allow 
for  possible  variations  in  the  coefficient  of  elasticity,  reasonable  lack 
of  straightness,  shop  inaccuracies,  and  unavoidable  deformation  in 
transportation,  and,  at  the  same  time,  would  furnish  a  rational  basis 
for  design  of  column  lacing. 

Meantime,  before  such  inquiries  have  been  made,  engineers  will 
have  to  use  their  judgment  as  to  the  proper  stresses  to  be  allowed  on 
columns,  and  their  reduction  for  increasing  lengths.  It  may  be  stated 
here  that,  during  the  last  two  years,  the  Department  of  Bridges,  of  the 
City  of  Xew  York,  has  been  using  in  its  work,  for  columns  in  axial 
compression,  three-quarters  of  the  stress  allowed  on  tension  members 
and  properly  reduced.     Thus,  where  16  000  lb.  per  sq.  in.  was  allowed 

in  direct  tension,  12  000  —  30     -was  used  on  members  in  compression. 

r 

Mr.  A.  W.  Carpenter,  M.  Am.  Sog.  C.  E. — These  tests  and  the  record 

Carpenter.  ^]-,gj.gQf^  jjj  common  with  some  others  recently  published,  are  far  in 
advance,  in  their  scope  and  completeness,  of  those  on  which  the  knowl- 
edge of  column  strength  has  heretofore  been  based.  They  are  not 
merely  a  determination  of  the  load  required  to  produce  failure  in  the 
weakest  part,  but  are  a  searching  study  of  the  strain  action  of  the 
columns  in  their  various  parts  and  the  metal  therein,  under  moderate 
stresses  and  under  increasing  stresses  up  to  failure,  and  all  the  results 
are  expressed  in  definite  measurements.  They  show  a  wonderful  ad- 
vance in  the  science  of  testing,  and  the  Profession  is  to  be  congratu- 
lated in  that  Mr.  Howard  has  given  his  attention  to  the  column 
problem. 

The  speaker  proposes  to  discuss  this  paper  mainly  from  the  view- 
point of  bridge  design. 

Up  to  a  very  recent  date,  the  design  of  these  columns  would  un- 
doubtedly have  been  considered  beyond  criticism.  Under  some  very 
modem  but  widely  used  specifications,  however,  some  of  the  details, 
such  as  the  pin-plates,  in  respect  to  their  length,  and  the  lacing,  would 
be  condemned. 

The  specifications  used  in  the  speaker's  practice  require  at  least 
one  full-width  pin-plate  on  each  segment  to  extend  to  the  far  edge  of 
the  stay-plate,  and  the  others  to  some  distance  beyond  the  near  edge. 
The  pin-plates  in  the  columns  described  extended  about  12  in.  beyond 
the  near  edges  of  the  stay-plates,  which  were  2  ft.  10 J  in.  long.  The 
speaker's  specifications  would  not  call  for  such  long  stay-plates,  but 
would  require  one  set  of  pin-plates  to  be  12  in.  longer.  The  shortness 
of  the  pin-plates  may  be  more  clearly  realized,  perhaps,  when  it  is 
understood  that  they  had  a  length  of  only  seven-tenths  of  the  width 
of  the  column  segments.  Except  in  the  matter  of  length,  they  fulfill 
the  requirements  of  the  specifications  mentioned.     The  same  specifica- 
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tioiis  nHiuiro  tlio  lacing  ti)  be  proportioned  for  a  sliear,  transverse  to        Mr. 

('ari)enter. 
tlu'  axis  of  till'  column,  rijual  to  ."iiO  A  -^ ,  in  pounds,  in  wliicli 

A  =  the  area  of  tlie  column  section,  in  square  inches; 
r  =  the   radius   of  gyration    of   the  cohnnn   section   about   an 

axis  perpendicular  to  the  plane  of  the  lacing,  in  inches; 

and 
V  =  the  distance  from  the  axis  of  the  column  to  the  extreme 

fiber,  in  inches. 

To  resist  a  shear  of  26  000  lb.,  this  formula  would  require  3  by  A-in. 
lacing,  with  2-rivet  connections.  The  columns  in  question  had  2i  by 
g-in.  lacing,  with  single-rivet  connections. 

The  weakness  of  the  pin-plates  was  fully  demonstrated  by  the  tests, 
and  it  would  appear  that  lengthening  the  plates  would  have  strength- 
ened the  colunms.  There  was  no  apparent  weakness  in  the  lacing.  It 
must  be  confessed  that  it  is  difficult  to  see  how  heavier  lacing  could 
have  reinforced  Column  No.  5  at  the  point  where  failure  commenced, 
that  is,  how  the  buckling  of  the  web  could  have  been  retarded  by 
heavier  lacing. 

The  low  values  obtained  for  the  strength  of  these  columns  is  some- 
what surprising,  in  spite  of  the  deficiencies  in  the  details  noted.  The 
speaker  would  have  expected  values  from  10  to  15%  higher.  The 
values  are  no  greater  than  those  which  have  been  obtained  from  the 
average  of  recorded  tests  on  wrought-iron  columns  of  structural  dimen- 
sions. A  closer  examination  seems  to  show  that  the  explanation  of  this 
is  in  Mr.  Howard's  theory  that  the  elastic  limit  is  the  element  which 
fixes  column  strength,  and  that  a  column  will  not  be  much  stronger 
than  the  elastic  limit  or  the  yield  point  of  the  weakest  component 
piece.  The  minimum  elastic  limit  and  yield  points  recorded  for  the 
material  of  these  columns  are  lower  than  the  ordinary  similar  limits 
for  wrought  iron  of  the  same  dimensions.  Viewed  in  this  light,  there 
seems  to  be  no  reason  to  expect  any  greater  strength  from  columns  of 
this  grade  of  steel  than  from  similar  columns  of  wrought  iron,  although 
the  ultimate  strength  of  the  steel  in  tension  may  be  much  greater  than 
that  of  the  wrought  iron. 

To  the  speaker  Mr.  Howard's  tests  indicate  that  the  usual  working 
stress  for  bearing  on  pins  is  taken  too  high  and  should  be  nearer  the 
base  constant  of  the  column  formula  used. 

The  speaker  believes  that  the  influence  of  form  of  metal  is  con- 
siderable in  determining  the  strength  of  a  column.  The  columns  in 
question  had  nominally  straight  webs,  more  or  less  injured,  neces- 
sarily, by  straightening,  punching,  riveting,  etc.  This  form  is  most 
easily  deflected  from  a  straight  line  by  axial  compression  or  transverse 
pressure.  Take  the  same  metal  and  corrugate  it  longitudinally,  curve 
it  as  in  the  form  of  the  Phcenix  colunm,  or  bend  it  frequently  as  in 
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Mr.       Z-bars,  and  greater  resistance  to  compression  might  be  expected;  in 
Carpenter,  ^^j^^^  words,  it  could  not  yield  so  readily. 

The  point  of  greatest  interest  and  value  in  these  tests  undoubtedly 
is  their  bearing  on  the  safe  working  stresses  for  columns.  Assuming 
that  we  accept  the  lowest  value  for  yield  point  in  specimen  tests  of  the 
material  of  a  column  as  the  value  for  the  ultimate  strength  of  a  short 
column  as  a  whole,  what  is  a  safe  working  value?  The  curves  in  Fig.  6 
show  that  the  stress-strain  proportionality  begins  to  vary  from  about 
15  000  lb.  per  sq.  in.  upward.  What  is  the  significance  of  this?  Does  it 
mean  that  repeated  stresses  above — even  slightly  above — those  represent- 
ing the  point  of  divergence  of  the  stress-strain  curve  from  the  straight 
line  (that  is,  about  15  000  lb.  per  sq.  in.)  and  below  those  causing  im- 
mediate failure,  would  have  caused  ultimate  failure  ?  Would  a  constant 
stress  of  any  value  above  that  amount  and  below  the  stress  of  immediate 
failure  have  done  the  same?  Or,  does  it  mean  that  the  same  curve 
would  be  repeated  indefinitely  for  loads  applied  and  released  and  pro- 
ducing stresses  nearly  as  high  as  those  which  were  found  to  cause 
failure?  The  curves  seem  to  be  alike  in  the  characteristic  of  a  gradual 
and  even  divergence  upward  from  the  straight  stem,  followed  by  a 
change  in  direction  at  a  point  representing  a  value  of  about  25  000  lb. 
per  sq.  in.  for  Columns  Nos.  2  and  3,  and  28  000  lb.  for  Column  No.  5. 
Is  it  not  probable  that  if  the  load  producing  the  stress  of,  say,  25  000  lb. 
per  sq.  in.,  had  been  removed  and  replaced,  there  would  have  been  a 
slight  permanent  set,  and  the  second  stress-strain  line  would  have  been 
straight  and  would  not  be  changed  by  an  unlimited  number  of  repeti- 
tions of  this  load?  Until  the  meaning  of  the  stress-strain  curve  is 
satisfactorily  explained,  it  seems  to  the  speaker  that  proper  working 
values  for  design  cannot  be  derived  from  test  values. 

Assuming  that  it  is  desirable  to  place  the  safe  working  stress  for 
calculated  stresses  not  higher  than  one-half  the  maximum  average 
value  which  could  be  repeated  or  maintained  without  failure  or  undue 
distortion,  and  assuming  that  this  value  was  25  000  lb.  per  sq.  in.  for 
the  columns  tested,  a  working  value  of   12  500  lb.   would  bo  derived. 

The  common  straight-line  formula,  16  000  —  70       would  give    a  value 

r 

of  12  TOO  lb.  per  sq.  in.  for  these  columns. 

The  speaker  would  again  call  attention  to  the  very  soft  grade  of 

steel  in  some  of  the  column  plates.     Steel  with  a  higher  yield  point 

will  give  a  higher  column  strength,  as  shown  by  the  tests  of  Messrs. 

Dagron    and   Waddell,    as   presented   in   the    Eeport*    of    the    Special 

Committee   on   Steel   Columns   and    Struts,   of   this    Society,    and   the 

test  of  the  Quebec  Bridge  model  column  with  revised  latticing.     The 

latter   test   was   on    a   medium    steel   column,  with  a  ratio  of       =  25. 

r 

*  Transactions,  Am.  Soc.  C.  E.,  Vol.  LXVI,  p.  401. 
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The  ultimate  strength  was  37  000  lb.  per  sq.  in.  ou  the  PhcDnix  testing        Mr. 
machine,  the  accuracy  of  which  has  been  proven  by  Ur.  Howard  by  a  <^'»*'P«"**"'- 
careful  calibration.     The  stress-strain  curve  drawn  by  the  .siieaker  from 
the  published  test  results  for  the  Quebec  Bridge  model  culumn,  shows 
a  practically  straight  line  up  to  30  000  lb.  per  sq.  in. 

In  order  to  equalize  more  nearly  the  strength  of  the  tension  and 
compression  members  in  structures,  it  appears  to  be  necessary  to  vary 
the  basic  working  stress  or  the  material,  or  to  combine  the  two  methods. 
In  the  matter  of  material  it  would  seem  desirable  to  grade  the  harder 
melts  into  the  compression  members  and  the  softer  ones  into  the 
tension  members  and,  at  any  rate,  to  avoid  getting  material  softer  than 
the  normal  into  the  compression  members.  The  variation  of  the  basic 
stress  already  appears  in  many  specifications.  From  the  results  of  these 
column  tests  and  others  recently  published,  and  especially  on  the  stress- 
strain  lines  for  the  same,  it  has  been  urged  in  some  quarters  that  the 
basic  compression  stress  be  taken  as  low  as  60%  of  the  tensile  stress. 
This  seems  to  be  unwarranted.  The  average  carbon-steel  eye-bar,  which 
is  the  only  form  of  large  tension  member  of  which  there  is  a  sufficient 
test  knowledge,  shows  an  average  yield  point  of  not  much  more  than 
30  000  lb.  per  sq.  in.,  and  it  is  necessary  to  use  the  grade  known  as 
medium  steel  to  get  that.  The  speaker  would  balance  the  additional 
safety  from  the  strength  beyond  the  yield  point  in  tension  members 
against  the  chance  of  a  square  break  and  the  attendant  disaster  which 
could  not  occur  in  a  compression  member.  Stress-strain  records  for 
tension  members  similar  to  those  published  for  columns  should  be 
brought  out  and  analyzed.  The  speaker  has  one  for  a  carbon-steel  eye- 
bar  which  shows  a  divergence  from  the  straight  line  very  similar  to 
that  of  Column  No.  5  of  these  tests,  and  at  about  the  same  points. 

Engineers  should  not  rush  to  the  opposite  extreme,  in  this  matter 
of  comparative  working  values;  they  need  more  tests  like  Mr.  Howard's, 
of  both  compression  and  tension  members,  and  more  light  on  the 
significance  of  the  stress-strain  diagram. 

J.  S.  Branne,  M.  Am.  Soc.  C.  E. — This  paper  is  interesting  to  the  Mr. 
engineer  who  is  trying  to  get  at  the  inner  workings  of  a  large  built-up 
column  subjected  to  steadily  rising  stresses;  and  as  the  phenomena 
observed  appear  to  have  been  recorded  most  accurately,  and  in  such  a 
way  that  one  result  will  help  to  check  another,  many  valuable  lessons 
may  be  learned. 

The  steel  used  is  quite  mild,  having  never  more  than  0.28  of  1% 
of  carbon,  and  the  percentage  of  impurities  is  low.  The  ultimate 
strength  appears  to  rise,  generally,  with  the  increase  of  carbon;  but 
Melt  23  982  forms  an  exception,  as  in  this  the  average  of  fourteen 
tests  shows  a  lower  value  than  for  any  other  melt;  its  elastic  limit, 
however,  is  high.  It  would  be  interesting  if  the  author  would  give 
the  probable  explanation  for  this  lack  of  uniformity  in  behavior. 
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Mr.  The  action   of  the  pin-plates   under  a  moderate   compression,   not 

Uraune.  preceding  9  000  lb.  per  sq.  in.  in  the  body  of  the  column,  is  interesting 
as  well  as  characteristic.  The  pin-plates,  together  with  the  column 
webs,  take  the  applied  load.  At  or  near  the  pin  it  is  evident  that  the 
unit  stress,  while  not  uniform  over  a  plane  normal  to  the  axis  of  the 
column,  as  plainly  indicated  by  the  strains,  is  locally  uniform  in  the 
pin-plates  and  column  body,  all  receiving  equally  the  stress  from  the 
pin,  on  the  surface  of  the  column,  almost  a  smooth  body.  Receding 
from  the  pin,  the  unit  stress  in  the  column  body  will  rise,  due  to  the 
transference  of  the  pin-plate  stress  through  the  rivets  and  by  friction. 
At  or  near  the  last  rivets  in  the  pin-plate,  this  difference  in  unit  stress 
will  liave  its  maximum  value;  hence  the  web  from  the  pin  to  the  end 
of  the  pin-plates  is  strained  more  than  the  pin-plates,  and  a  small  dif- 
ference is  detected,  indicating  an  elastic  motion  of  the  pin-i^lates  rela- 
tive to  the  web. 

Fig.  2,  Plate  XX,  indicates  a  unit  stress  of  5  700  lb.,  and  while 
the  web  cannot  be  stated  by  measurement  in  the  same  10  in.,  yet  in 
30  in.  it  averaged  9  600  lb.  When  the  test  load  was  removed,  this 
motion  was  reversed,  and  the  set  disappeared.  It  may  be  that  when 
there  are  more  and  thinner  pin-plates,  this  motion  will  be  smaller,  or 
the  ideal  condition  would  be  approached  of  having  just  enough  metal 
in  the  pin-plates  at  all  points  to  make  the  unit  stress  the  same  as  in 
the  body  of  the  column. 

The  local  failure  of  Columns  Nos.  3  and  4  might  have  been  pre- 
vented by  a  long  diaphragm,  with  its  web  parallel  to  the  axis  of  the 
column  and  reaching  close  to  the  pin,  thus  minimizing  the  small  bend- 
ing moments  in  the  two  component  parts  of  the  column,  preceding  the 
dishing,  as  shown  on  Plates  XXIII  and  XXIV. 

Referring  to  the  action  of  the  lace-bars,  the  tests  show  that  when 
the  force  is  applied  symmetrically  with  respect  to  the  axis,  or  rather 
a  force  coinciding  with  the  same,  as  in  a  testing  machine,  and  with 
short  and  stocky  columns,  small  lace-bars,  simply  balancing  the  com- 
ponent parts,  so  to  speak,  and  preventing  any  first  set,  are  quite  ample, 
even  for  a  column  having  two  component  parts  of  such  magnitude  as 
45  sq.  in.  each. 
Mr.  Lewis  D.  Rights,  M.  Am.  Soc.  C  E. — This  Society  is  fortunate 

*"'''^'  in  securing  a  paper  from  a  man  so  well  versed  in  the  science  of 
testing  metals  as  Mr.  Howard.  An  examination  of  the  records  of 
column  tests  show  that  he  was  connected  with  all  the  important 
tests  at  Watertown  Arsenal,  and  that  he  had  charge  of  the  tests  of 
the  eight  large  columns  in  connection  with  the  calibration  of  the 
Plumiix  machine.  In  a  recent  paper,  "The  Pittsburg  and  Lake  Erie 
Railroad  Cantilever  Bridge  Over  the  Ohio  River  at  Beaver,  Pa.,* 
mention  was  made  of  the  determination  of  stresses  by  gauge  measure- 

*  Proceedings^  Am.  Soc.  C.  E.,  January,  1911. 
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ments.      These   measurements   are   being   made,    under    Air.    Howard's     Mr. 
direction,  with  gauges  of  the  same  tyi^e  as  those  used  on  the  columns  '^'«'"^- 
described  in  his  paper. 

The  reader's  attention  is  attracted  at  once  by  the  size  of  the  col- 
umns. They  are  the  largest  ever  tested  to  failure,  having  a  cross-sec- 
tional area  of  95  sq.  in.-  Mr.  Bland  is  to  be  commended  for  the 
broad  spirit  he  has  shown  in  spending  a  considerable  sum  of  money  to 
determine  the  character  of  the  structures  under  his  direction.  Tie  is 
also  to  be  congratulated  on  being  able  to  secure  the  services  of  Messrs. 
Buchanan  and  Ploward,  who  conducted  these  tests,  as  their  experience 
guarantees  observations  calculated  to  show  a  large  number  of  interest- 
ing features.  It  is  to  be  hoped  that  other  large  users  of  steel  will 
follow  Mr.  Bland's  example,  and  that  much  may  be  added  to  the  data 
concerning  steel  columns. 

Passing  by  many  interesting  features  concerning  the  action  of  the 
details  under  stress,  one  important  thing  is  the  matter  of  local  strains. 
The  author  mentions  three  conditions  which  affect  the  results,  namely, 
cooling  strains,  initial  strains  due  to  straightening,  and  strains  due  to 
punching  and  shearing.  Engineers  have  long  recognized  these  con- 
ditions, and,  in  connection  with  columns,  have  endeavored  to  assign 
some  arbitrary  value  which  will  take  account  of  them.  J.  M.  Moncrieff, 
M.  Am.  Soc.  C.  E.,  in  a  paper  on  "The  Practical  Column  Under  Cen- 
tral or  Eccentric  Loads,"*  dwells  quite  fully  on  the  subject. 

According  to  the  speaker's  experience,  about  95%  of  all  the  chan- 
nels and  60%  of  all  the  angles  which  come  from  the  average  rolling 
mill  have  to  be  straightened  after  they  are  cold.  Most  of  the  work 
is  done  in  a  gag  press,  and  it  is  evident  that,  in  order  to  straighten 
a  member,  a  small  portion  of  it  must  be  strained  beyond  the 
elastic  limit  on  both  sides.  The  side  which  was  concave  has  been 
stretched  in  tension,  and  the  side  which  was  convex  has  been  com- 
pressed, so  that  these  two  edges  have  been  worked  beyond  tlie  elastic 
limit,  and  have  a  considerable  amount  of  initial  strain.  Now,  when 
this  material  is  placed  in  a  column,  it  is  also  evident  that  the  com- 
pressed side  has  comparatively  little  resistance  to  additional  loads. 
This  condition,  of  course,  probably  only  applies  to  a  thin  section  of 
the  outside  metal;  nevertheless,  it  weakens  the  column  by  that  amount. 

The  initial  strains  produced  by  punching  the  metal  are  not  always 
recognized  by  engineers.  It  is  well  known  by  shop  men  that  a  long 
angle  punched  in  both  flanges  will  show  a  considerable  lengthening, 
due  to  the  punching,  and,  if  this  is  not  symmetrical,  the  piece  will 
generally  have  to  be  straightened  after  being  punched.  The  speaker 
has  often  had  occasion  to  observe  long  channels,  say,  from  30  to  40  ft., 
which  were  intended  for  columns,  and  were  punched  throughout  their 
length  in  both  flanges.     The  punching  tended  to  elongate  the  channel 

*  Tranmctions,  Am.  Soc.  C.  E..  Vol.  XLV,  p.  934. 
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Sir.  along-  the  rivet  gauge  line.  Naturally,  the  web,  which  contained  the 
Rights.  j,^^jjj,  ^£  ^YiQ  material,  was  not  elongated,  and  the  result  was  that  the 
channels  were  bowed  to  the  extent  of  2  or  3  ft.  These  channels  had 
to  be  straightened  before  they  could  be  assembled,  and  it  is  evident 
that  there  was  considerable  internal  disturbance  of  the  metal.  An- 
other feature  of  punching  is  the  local  disturbance  in  the  vicinity  of 
the  punched  hole.  Some  specifications  call  for  the  removal  of  ^  in. 
of  the  metal  around  the  hole  by  reaming.  This,  no  doubt,  does  re- 
move the  badly  injured  material,  and  smoothes  out  slight  differences 
l)etween  the  punch  and  the  die.  If,  however,  one  takes  the  trouble 
to  rust  the  metal  around  the  punched  hole,  the  stress  lines  can  be 
seen  running  in  spirals  away  from  it.  It  is  probable  that  these  stress 
lines  do  not  extend  into  the  metal  very  deeply,  but  they  indicate  that 
engineers  are  not  dealing  with  an  ideal  material,  and  that  the  strength 
of  columns  is  based  on  a  number  of  such  conditions,  which  are  not 
always  fully  recognized. 

Fig.  6  shows  the  stress-strain  curves  for  three  of  the  columns.  It 
will  be  noted  that  the  author  has  recorded  a  seeming  departure  from 
the  line  of  proportionality  at  about  20  000  lb.  per  sq.  in.  He  seems 
to  think  that  this  is  due  to  the  various  local  strains  which  he  has 
mentioned,  and  which  probably  occur  in  all  columns.  The  speaker 
agrees  with  Mr.  Howard,  and  believes  that  if  extremely  delicate  instru- 
ments could  be  secured,  these  local  adjustments  would  show  at  even 
lower  values  than  20  000  lb.  He  does  not  consider,  however,  that 
this  may  be  interpreted  to  mean  a  complete  departure  from  the  elastic 
conditions  at  these  low  stresses.  Probably,  as  the  minor  local  condi- 
tions in  the  component  parts  are  adjusted,  those  portions  which  were 
in  tension  take  on  additional  loads  and  relieve  the  compressed  parts. 
The  speaker  believes  that  if  a  new  set  of  gauge  measurements  were  made 
on  the  column  after  it  had  been  stressed  up  to  25  000  lb.  per  sq.  in.,  the 
results  of  the  local  failures  would  no  longer  be  apparent,  and  the 
column  would  show  a  strict  proportionality  up  to  about  27  000  or 
28  000  lb.,  which,  as  indicated  on  Fig.  6,  seems  to  be  the  yield  point. 

Mr.  J.    R.    WoKCESTER,   M.   Am.    Soc.    C.   E. — The   speaker   desires   to 

Worcester,  g^press  his  scnse  of  obligation  to  the  author  and  to  Mr.  Bland  for 
the  information  contained  in  this  paper. 

The  paper  is  important  for  several  notable  reasons.  It  throws 
light  upon  the  relation  of  large-sized  tests  to  small  tests.  In  the  past 
many  tests  have  been  made  on  small  specimens,  but  the  number  on 
large  specimens  is  so  limited  that  every  additional  one  helps. 

Another  point  which,  of  course,  is  very  prominent  in  the  paper, 
is  the  extreme  refinement  of  observation  which  characterizes  it.  It 
is  doubtful  whether  as  many  measurements  of  deformations  have  ever 
Ijfon  made  as  were  made  in  this  particular  instance. 

To  be  sure,  many  of  the  results  bear  out  what  might  have  been 
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expected.  On  the  other  hand,  tliere  are  smno  which  are  quite  sur-  Mr. 
prising,  and  rather  ditlicult  to  explain;  but  they  all  tend  to  show  one  ^^'"'"'-•"-•^t*''" 
important  fact  which  is  apt  to  be  overlooked,  namely,  that  there  are 
parts  of  a  built-up  member  which  are  stressed  far  beyond  the  average 
stress.  Engineers  are  apt  to  think  of  the  stress  applied  to  the  area  of 
the  column  section  a.s  being  uniform  throughout.  Considering  the 
results  of  these  experiments,  however,  they  must  bear  in  miinl,  that 
the  distribution  of  stress  is  not  uniform,  but  that  if  the  total  stress  is 
divided  by  the  area,  the  average  result  by  no  means  represents  the 
iiinxiimnn. 

Another  important  point  is  shown  by  the  stress-strain  diagrams, 
which  clearly  indicate  the  low  stress  at  which  the  proportionality 
between  stress  and  strain  seems  to  be  lost.  The  exact  explanation  of 
this  may  be  clearer  after  more  tests  have  been  made,  though  Mr. 
Howard's  analysis  undoubtedly  helps  to  explain  it. 

It  is  sincerely  to  be  hoped  that  the  author's  example  will  be  fol- 
lowed, and  that  others  who  have  the  opportunity  to  provide  full- 
sized  tests  will  see  their  advantage  to  the  Profession. 

Horace  E.  Horton,  M.  Am.  Soc.  C.  E.  (by  letter). — In  discussing    Mr. 
this    paper    the    writer    wishes    to    express    to    Mr.    Howard    and    his  S"^'''*'°- 
colleagues  of  the  Bridge  Department  of  the  Pennsylvania  Lines  West 
of  Pittsburg,  his  obligation  for  their  contribution  of  the  very  large 
proportion  of  all  the  research  work,  of  record,  bearing  on  this  subject. 

On  another  occasion,  in  discussing  the  compressive  member,  the 
writer  said: 

"It  is  subtle  and  illusive,  and  may  side-step." 
"It  is  composite,  and  not  homogeneous." 

"No  law  is  Avritten  as  to  the  proper  relation  and  proportion  of  its 
constituent  parts." 

Here  he  will  add :  There  is  no  clear  and  definite  knowledge  of  how 
to  get  the  greatest  efficiency  out  of  the  nuUorial  used  in  a  wrought- 
metal,  composite,  compressive  member. 

Lest  the  writer  should  repeat  himself,  it  seems  best  to  refer  to  his 
discussion  of  the  paper  by  J.  R.  Worcester,  M.  Am.  Soc.  C.  E.,  on 
"Safe  Stresses  in  Steel  Columns."* 

^fr.  Howard's  tests  show  ultimate  strength  in  compression  of  only 
one-half  the  ultimate  strength  in  tension  of  the  same  class  of  material. 
If  it  is  assumed  that  the  elastic  limit  in  tension  is  one-half  of  the 
ultimate  strength,  and  that  the  rational  working  load  is  one-half  of 
the  elastic  limit,  then  the  ultimate  working  load  is  one-quarter  of  the 
ultimate  tension.  If  the  ultimate  strength  in  compression  is  one-half 
of  the  ultimate  streiigtli  in  tension,  and  the  elastic  limit  in  com- 
pression is  three-quarters  of  the  ultimate  strength  in  compression, 
then  the  ultimate  working  load  in  compression  would  be  three-eighths 
*  Transactions,  Am.  Soc.  C.  E.,  Vol.  XLI.  pp.  178  to  186. 
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Mr.     of   the    ultimate   strength   in   tension;    that   is,    the   working   load   in 
Honon.  ^.Qu^pi-ession  is  three-quarters  of  the  working  load  in  tension. 

In   connection   with   Mr.    Howard's   paper,    it   seems   well   to   call 
attention  to  the  Progress  Report  of  the  Special  Committee  on  Steel 
Columns    and    Struts,*    showing    results    of    tests    on    263    full-sized 
members.    These,  with  Mr.  Howard's  five  tests  added,  make  268  in  all : 
184  on  riveted  iron  members; 

52  on  steel   homogeneous  sections  25    _  or   more    (pipe    and    H- 

figures) ;    and 

32  on  riveted  steel  members. 

The  ratio  of  the  ultimate  compressive  strength    (also  the  elastic 

limit  on  pipe,   H,  and    riveted-steel   members),  shown  by  these   tests, 

to  the  ultimate  tensile  strength  of  the  material,   is  indicated  in  the 

diagram,  Fig.  8. 

The  184  tests  on  riveted  iron  members  are  in  a  sense  obsolete,  and 

with  the  52  pipe  and    H -sections — 236  tests   in  all — are   useful  as  an 

I 
index   of    the  decreasing   unit   value    in    compression   as     -  increases. 

r 

The   52  homogeneous  tests  of  pipe  and  H -sections  are  further  useful 

in  showing  the  probable  full  efficiency  of  the  steel  compressive  member. 

It    is    interesting   to   note   that  ^tlie   pipe    and    H-s^ctions,    in   plating, 

followed  essentially  the  same  line. 

Of   riveted-steel    compressive   members,    built   up    of    parts    riveted 

together — composite,  not  homogeneous — there  are  only  32  tests,  from 

25  to  97    L 
r 

The  average  ultimate  strength  of  compressive  members,  as  shown 
I 
by  Fig.  8,  25  to  97      ,  for  pipe  and  H-sections,  is  from  75  to  50%  of  the 
r 

vdtimate  tensile  strength;  and  it  is  from  60  to  43%  for  riveted 
sections. 

The  average  elastic  limit  of  compressive  members,  as  shown  by 
Fig.  8,  relative  to  tensile  strength,  for  pipe  and  H-sections,  is  from 
52  to  47% ;  and  it  is  from  45  to  20%  for  riveted  sections. 

This  is  both  interesting  and  instructive,  because  it  shows,  for 
riveted  members,  only  65%  of  the  elastic  limit  of  the  homogeneous 
ones,  that  is,  65%  efficiency — 35%  loss  in  the  composite  riveted  member. 
Considering  that  engineers,  from  the  nature  of  their  work,  are  obliged 
to  use  riveted  members,  surely  it  is  desirable  to  raise  the  efficiency 
above  65  per  cent.     How  is  it  to  be  accomplished? 

Referring  particularly  to  the  five  tests  by  Mr.  Howard,  it  is  an 
interesting  speculation  to  query  what  would  have  developed  if: 

*  Transact ionts.  Am.  Soc.  C.  E.,  Vol.  XLVI,  p.   401. 
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Mr.  (a)   The  members  had  been  exactly  as  tested,  except  that  twice  as 

^°''**^""  many  i-in.  rivets  had  been  used; 

(h)  Same  as  (a),  but  with  twice  as  many  |-in.  rivets  (four  times 
as  many  2-in.  rivets  as  in  the  member  tested) ; 

(c)  If  the  members  had  been  exactly  as  tested,  with  same  number 
of  rivets,  but  with  the  rivets  increased  to  1|  in.  in  diameter; 

(d)  Same  as  (c),  but  with  double  the  number  of  l|-in.  rivets; 

(e)  If  the  compressive  members  had  been  built  of  four  6  by  6 
by  1-in.  angles  and  two  28  by  1-in.  plates,  without  diaphragms, 
I -in.  rivets,  the  same  tie-plates,  the  same  lattice,  in  fact,  the 
columns  of  the  same  weight  as  those  tested; 

(/)   The  same  as  (e),  but  with  twice  as  many  -|-in.  rivets; 

(g)  The  same  as  (/),  but  with  double  the  number  of  l-in.  rivets 

(four  times  as  many  l-in.  rivets  as  in  the  member  tested) ; 
(h)  Same  as  (e),  with  l:|-in.  rivets,  the  same  number  as  in  the 

member  tested; 
(i)  Like  (/;),  but  with  double  the  number  of  1^-in.  rivets. 

This  would  give  nine  modifications,  added  to  the  test  already  made, 

I 
niakiug  ten;  with  five  of  each  class,  equaling  50;  and   20  changes  of     , 

extending  from  25  to  200,  would  require  1  000  test  pieces  and  tests. 

If  the  length,  breadth,  thickness,  and  all  component  parts  of  these 
pieces  were  of  one-eighth  size,  each  unit  would  weigh  -g\^  of  each 
member  described  by  Mr.  Howard,  and  it  can  be  safely  concluded  that 
the  cost  of  the  material  for  the  1  000,  ready  for  the  testing  machine, 
would  be  less  than  that  of  the  five  units  tested. 

The  ^-dimension  test  member  representing  (e)  would  be  made  up 
of  four  f  by  ;^  by  ^-in.  angles,  two  '6^  by  ^-in.  plates,  and  if^-in. 
rivets.     For  (h)  /^-in.  rivets  would  be  used. 

It  is  unfortunate  that  the  Special  Committee  on  Columns  and 
Struts  has  gone  on  record  as  indicating  a  want  of  confidence  in 
"Laboratory  Tests."  What  is  a  laboratory  test?  The  engineering 
press  has  called  attention  to  a  design  of  a  structure  wherein  a  com- 
pressive member  having  a  cross-section  of  2  037  sq.  in.  is  contemplated. 
Mr.  Howard's  90-sq.  in.  sections  are  essentially  one-fifth  of  this.  In 
some  of  the  tests  reported  by  the  Committee  the  members  are  less,  in 
each  of  the  three  dimensions,  than  one-third  of  the  dimensions  of 
other  test  members  under  consideration;  hence  a  member  of  ^  dimen- 
sion is  not  a  laboratory  test  specimen  because  the  Committee  has 
recognized  it. 

The  smaller  cross-sections  in  the  Committee's  report  bear  a  rela- 
tion to  the  proposed  2  037-in.  section  of  quite  one-sixteenth  for  three 
dimensions,   that   is,   the   Committee   has   recognized   as   rational-sized 
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tests,   members   so  slifjlit,   as  compari'd   witli   tlio   member  of  2  037-in.      Mr. 

.  Hortoii. 

cross-section,  that  tlic  wi'i^lit  of  a  unit  of  each,  witli    the   same      ,  is  a.s 

r 

1  to  4  09G.  The  writer  I\as  suggvsted  a  i  <linieiision  of  Air.  Howard's 
90-in.  section.  This  would  be  approximately  a  h  dimension  of  the 
smallest  size  the  Committee  has  recogmized. 

Does  the  Committee  believe  that  there  is  concealed  about  any  en- 
gineer, knowledge  of  the  compressive  member  equal  to  what  might  be 
expected  to  develop  from  1  000  so-called  laboratory  tests  of  |-dimension 
pieces  along  the  lines  indicated  above? 

From  what  source  have  engineers  gathered  their  knowledge  of  the 
compressive  member?  Large  numbers  of  laboratory  tests  have  been 
made  on  small  solids  and  small  pipe,  all  homogeneous  sections,  which 
are  largely  the  source  of  all  present  knowledge  as  to  the  compressive 
member.  The  writer's  appeal  is  that  the  research  be  extended  by 
including  tests  of  large  numbers  of  composite,  riveted,  wrought,  com- 
pressive members,  which  may  be  handled  in  a  100  000-lb.  testing 
machine. 

The  engineering  schools  have  testing  machines  of  sufficient  capacity 
to  handle  the  specimens  herein  indicated.  They  have  ambitious  pro- 
fessors and  zealous  students.  With  slight  encouragement,  on  the  part 
of  the  Committee,  a  series  of  tests  could  be  carried  out  which  would 
give  definite  knowledge,  and,  the  writer  believes,  would  indicate  the 
way  in  which  the  efficiency  coidd  be  raised  to  more  than  65  per  cent. 

Arthur  N.  Talbot,  M.  Am.  Soc.  C.  E.   (by  letter).— These  tests     Mr. 

,        .  ■      1      1       •         1  .1  Talbot, 

are   noteworthy   m   many  respects,   particularly'   m   that   a  study   was 

made  of  the  action  of  the  column  in  its  different  parts  at  loads  below 
the  ultimate.  Tests  to  destruction  may  not  of  themselves  have  much 
meaning.  The  aiithor  is  also  to  be  commended  for  his  interesting  and 
valuable  discussion  of  the  data  of  the  tests. 

The  writer  is  not  entirely  satisfied  with  the  conclusion  that  the 
elastic  limit  of  the  material  in  tension  has  a  controlling  influence  on 
the  ultimate  strength  of  the  column.  Throughout  the  paper  the  author 
seems  to  assume  that  length  of  column  does  not  affect  the  strength 
or  modify  the  distribution  of  stress  for  any  load.  Although  the  trend 
of  evidence  in  available  tests  is  that,  within  ordinary  limits  of  length, 
column  action  does  not  follow  the  law  which  is  assumed  in  the  deriva- 
tion of  the  old  column  formulas,  yet  the  consensus  of  exi)erimental  data 
indicates  that  for  ordinary  lengths  of  column  there  is  a  noticeable 
decrease  in  strength  with  an  increase  in  length  or  slenderness  ratio. 
Tests  made  at  the  University  of  Illinois  also  indicate  that  the  effect 
of  length  on  deformation  is  greater  at  the  higher  than  at  the  lower 
loads.  How  much  of  the  loss  in  strength  is  due  to  increased  oppor- 
tunity for  non-homogeneity  of  materials,  non-straightness  of  pieces, 
and  non-integrity  of  section  cannot  be  told.     However,  from  the  ex- 
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jir.     perimental  data  which  are  available,  it  may  be  expected  that  a  column 
Talbot.  ^j£  ^Yie  length  of  No.  5  will  be  weaker  than  one  of  half  this  length. 

Elastic  limit  of  material  is  an  elusive  thing,  not  easily  defined,  and 
the  finer  the  measurement  the  lower  the  stress  at  which  set  and  lack 
of  proportionality  of  stress  to  elongation  may  be  found.  The  effect  of 
exceeding  the  elastic  limit  of  steel  has  not  yet  been  determined.  To 
exceed  the  yield  point  in  any  part  of  a  structural  member  is  a  more 
serious  matter;  the  distribution  of  stress  is  at  once  modified,  and  a 
larger  stress  is  laid  on  other  portions  of  the  cross-section.  The 
measurements  in  the  tests  were  not  numerous  enough  or  sufficiently 
distributed  over  the  length  and  cross-section  of  the  column  to  deter- 
mine how  much  the  maximum  local  stresses  were  in  excess  of  the 
average  stresses;  but,  although  the  column  tested  was  of  very  stocky 
section,  it  seems  almost  certain  that  the  average  stresses  must  have 
been  greatly  exceeded  in  places,  even  before  the  yield  point  of  the 
metal  was  reached  anywhere.  The  passing  of  the  yield  point  locally 
may  accoimt  in  part  for  the  deviation  of  the  stress-strain  curve  from 
the  straight  line  in  Fig,  7.  Such  a  variation  from  the  straight  line  is 
to  be  found  in  the  test  of  any  built-up  column.  To  the  writer  it  seems 
that  the  evidence  of  the  tests,  taken  in  connection  with  phenomena 
observed  elsewhere,  indicates  that  the  yield  point  of  the  metal  must 
have  been  exceeded  at  different  points  in  the  column  at  loads  below  the 
ultimate  load,  and  that  the  fact  that  the  average  stress  at  failure  was 
about  the  same  as  the  elastic  limit  of  the  softest  metal  is  only  a  coin- 
cidence. 

The  author's  comment,  in  connection  with  the  increased  intensity 
of  stress  in  the  vicinity  of  the  pin  bearings,  that  "details  of  construc- 
tion generally  exert  an  influence  on  the  behavior  of  the  member,  and 
not  infrequently  modify  the  ultimate  resistance  materially,"  is  worthy 
of  emphasis.  Too  often  designers  think  the  problem  is  solved  by  the 
mere  provision  of  sufficient  metal,  without  any  consideration  of  the 
manner  in  which  the  stress  may  be  transmitted  and  distributed.  Be- 
fore a  pin-plate  can  transmit  stress  to  the  web-plate,  there  must  be  a 
difference  in  deformation  in  the  two  plates,  particularly  if  there  is  no 
movement  of  the  pin-plate  over  the  web-plate.  If  there  is  slip  (and 
if  we  are  to  judge  from  the  tests  of  the  riveted  joints,  a  movement 
must  have  occurred  long  before  the  full  loads  on  the  columns  were 
reached),  then  there  will  also  be  a  deformation  or  detrusion  of  the 
rivets  to  transfer  stress  from  plate  to  plate,  and  this  transfer  of  stress 
will  take  place  at  those  portions  of  the  pin-plate  well  away  from  the 
pin.  The  tests  indicate  that  this  movement  of  the  plates  and  detrusion 
of  rivets  were  present.  They  would  also  seem  to  be  the  cause  of  the 
difference  in  measurements,  rather  than  any  bending  of  the  pin. 

The  writer  is  glad  that  the  author  recognizes  the  effect  of  time  on 
the   action   of  a  compression  piece   stressed  locally  beyond  the  yield 
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Christie. 


pi.iiit.    If  a  longer  time  were  given  in  tests  of  short  pieces,  quite  dif-     Mr. 
ferent  data  would  be  obtained.  TnlUn. 

It  would  have  been  interesting  if  systematic  measurements  had  been 
made  at  various  points  along  the  length  of  the  column,  and  on  all  sides 
of  the  component  members,  to  ascertain  the  amount  of  local  wrinkling 
or  buckling  and  also  to  determine  the  stress  in  all  lattice  bars.  It 
would  also  add  to  the  completeness  of  this  excellent  paper,  if  the  author 
would  give  a  record  of  the  permanent  set  fouiid  in  the  columns. 

James  Christie,  M.  Am.  Soc.  C.  E.   (by  letter).— These  columns     Mr. 
were  carefully  designed,  and,  doubtless,  carefully  constructed;  and  the 
minor  disturbing  features,  referred  to  by  Mr.  Howard  as  due  to  un- 
equal   cooling,    cold-straightening,    etc.,    probably    would    not    reduce 
their  resistance  seriously  as  a  whole. 

There  are  reasons  for  believing  that  when     _     equals  about  100,  the 

resistance  to  compression  of  a  column,  per  unit  of  its  section,  should 
be  approximately  equal  to  the  elastic  limit  of  its  material,  and  that 
columns  having  the  same  ratio  of  length  to  section  as  those  tested, 
should  develop  a  maximum  resistance  considerably  exceeding  that  of 
the  elastic  limit  of  the  material.  As  the  recorded  resistance  of  these 
columns  fell  a  little  below  the  said  elastic  limit,  it  would  be  interesting 
to  know  how  much,  if  any,  of  this  was  due  to  insufficient  area  of  pin 
bearing.  Mr.  Howard  intimates  that  this  may  have  been  a  source  of 
general  weakness.  Under  the  maximum  compression  the  bearing  areas 
for  the  pins  were  stressed  much  higher  than  the  elastic  limit  of  the 
material,  and  probably  nearly  as  high  as  its  ultimate  tensile  strength. 
This  excessive  burden  was  indicated  by  the  failure  of  the  reinforc- 
ing pin-plates  and  the  local  disturbance  at  tliese  ends,  and  probably 
contributed  toward  the  general  failure  of  Column  No.  5.  As  ^Fr. 
Howard  well  remarks: 

"Regularity  of  action  is  limited  to  stresses  within,  and  ceases  at, 
the  elastic  limit,  and  when  over-straining  of  the  metal  occurs,  locally  or 
in  general,  the  strength  of  the  column  is  menaced." 

N.  R.  McLuRE,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). — Each  intelli-  ^^Mr 
gently  made  test  on  large-sized,  built-up,  steel,  compression  members 
adds  to  the  all  too  scant  knowledge  of  their  action;  and  the  publica- 
tion of  the  results  of  these  tests  in  order  that  interested  engineers  may 
study  them  and  draw  conclusions  therefrom,  cannot  be  too  highly 
commended.  The  author  has  done  a  great  service  in  adding  to  the 
small  stock  of  information  on  this  subject. 

In  the  five  tests  which  form  the  basis  for  this  paper,  the  average 
ultimate  strength  of  the  columns,  as  shown  in  Table  1,  is  about 
29  500  lb.  per  sq.  in.  The  average  elastic  limit  of  test  specimens  for 
angles  and  plates  composing  these  five  columns,  taking  the  value  of 


McLure. 
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Mr.     the  angles  as  31%  of  the  total  cross-section  of  each  column,  is  about 
McLure.  g^  g^Q   jj^    ^^^  gq    j^^      ^g  ^j^g   elastic  limit   in   a  test   specimen   will 

usually  run  about  10%  higher  than  that  of  the  full-sized  piece  from 
which  it  is  cut,  the  average  value  for  the  elastic  limit  of  the  material 
entering  into  these  columns  may  be  taken  as  about  30  000  lb.  per  sq.  in., 
which  is  practically  equal  to  the  average  ultimate  strength  of  the 
colunms.  In  that  point,  these  tests  agree  with  those  on  other  full- 
sized  columns  which  the  writer  has  noted  during  the  past  three  years, 
and,  in  fact,  it  has  almost  proved  a  rule  without  exception  that  the 
ultimate  strength  of  any  latticed  steel  column,  with  properly  designed 

details,  and  a  ratio  of       of  less  than  (Ml,  is    about    equal   to  the  elastic 
r 

limit  of  the  metal  composing  the  cross-section  of  that  column.  It  is 
evident,  from  several  remarks  in  the  paper,  that  the  author  has 
recognized  the  influence  of  the  elastic  limit  of  the  metal  on  the  ultimate 
strength  of  the  column. 

The  number  of  points  covered  in  the  tests  on  these  columns,  and 
the  opportunity  given,  by  the  numerous  measurements  of  local  strains, 
to  study  the  detailed  action  of  the  load  throughout  the  member,  make 
them  doubly  interesting,  and  emphasize  the  desirability  of  establishing 
a  standard  for  conducting  tests  on  full-sized  compression  members,  so 
that  the  necessarily  few  tests  made  from  time  to  time,  as  occasion 
requires,  may  be  grouped  and  tabulated  for  comparison.  It  seems  to 
the  writer  that  the  era  of  full-sized  tests  on  steel  compression  members 
is  just  beginning.  With  the  new  testing  machines  now  in  course  of 
completion,  the  apparatus  available  for  making  tests  will  stimulate 
interest  in  them,  and  a  continuously  increasing  study  of  the  action 
of  built-up  steel  compression  members  may  be  expected.  It  seems, 
therefore,  that  the  Society  could  further  the  value  of  such  future  tests 
in  no  better  way  than  by  recommending  a  general  standard  method 
for  conducting  them,  including  the  desirable  observations  to  be  made 
and  other  details  which,  if  adhered  to,  would  bring  all  tests  to  a  suit- 
able basis  for  comparison.     By  so  doing,  doubtless  in  a  few  years  the 

old  cohunu  fornuilas,  based  on  the  ratio,      ,  micjht    be    replaced,  or  at 

r 

least  supplemented  by  more   rational   ones   applicable   to   the   various 

types  of  built-up  steel  compression  members. 

The  author's  observations  in  regard  to  local  strains  are  most 
interesting,  particularly  the  agreement  of  the  actual  with  the  theoreti- 
cal ratio  of  lateral  expansion  to  direct  compression. 

Each  new  test  of  this  sort  only  emphasizes  the  important  and 
modifying  influence  of  details  of  construction  on  the  final  result,  and 
this  should  serve  as  an  incentive  to  all  designers  to  spare  no  effort  in 
working  out  details  which,  without  an  atom  of  doubt,  will  develop  the 
full  compressive  strength  of  the  member. 
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The  influence  of  initial  strains,  referred  to  by  tlie  author,  is  one  Mr. 
which  cannot  readily  be  taken  account  of  in  design,  except  by  allowing 
a  sufficient  margin  of  ultimate  strength  over  working  load.  Annealing 
may  at  times  be  resorted  to,  but  the  elastic  limit  of  the  metal  is  thereby 
reduced,  which  reduction  might  be  more  serious  than  the  presence  of 
local  zones  of  over-strained  metal.  Punching,  shearing,  straightening 
shapes  while  cold,  and  other  manipulation  of  the  steel  during  fnl)rica- 
tion  and  erection — including  the  use  of  drift-pins — are  all  necessary 
evils  in  the  present  state  of  the  art,  the  effects  of  which  will  always 
be  uncertain.  By  numerous  tests,  similar  to  those  recorded  in  this 
paper,  however,  we  may  hope  gradually  to  increase  our  knowledge  and 
better  our  results,  and  the  writer  wishes  again  to  emphasize  the 
importance  of  conducting  such  tests  according  to  a  definite  standard, 
and  of  publishing  the  results  for  the  benefit  of  the  Engineering 
Profession. 

E.  S.  Chew,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). — This  is  a  most    Mr. 
valuable  paper,   as   it  presents   in   detail  the   actual  strains   in   com- 
pression  members   under   load,    and   emphasizes   the   sources   of   their 
weakness. 

The  writer  believes  that  the  colunui  formula  will  eventually  take 
account  of  the  imperfections  which  really  exist  in  built  members, 
namely : 

First. — Initial  stresses  in  material  due  to  manufacture. 

Second. — Variation  in  strength  of  component  parts  of  section, 

Third. — Crookedness  of  component  parts, 

Fourth. — Crookedness  of  whole  member. 

Fifth. — Local  stresses  due  to  details  and  shop  work, 

Sixth. — Accidental  eccentricity, 

Seventh. — ^Deflection  caused  by  the  foregoing  imperfections. 

These  items,  with  one  or  two  exceptions,  have  been  covered  by 
]\rr.  Howard's  tests. 

Referring  to  the  variation  in  strength  of  the  component  parts  of  the 
section,  it  is  seen  that  in  Table  5  the  author  has  given  the  elastic 
limits  of  the  shapes  composing  the  section  (it  is  to  be  regretted  that 
he  did  not  give  the  actual  location  of  these  various  pieces  in  the 
section).  In  Column  No.  5  if  it  is  assumed  that  the  pieces  of  lower 
elastic  limit  are  grouped  in  one  half-section  (a  condition  which  might 
exist),  the  resisting  axis  is  0.178  in.  removed  from  the  center  of 
gravity.  Column  No.  5  is  of  excellent  proportions,  and  the  eccen- 
tricity due  to  this  item  is  small ;  still,  the  idea  that  a  perfectly  straight 
compression  member  with  the  load  applied  at  the  center  of  gravity 

will  develop  a  delinite  bending  niomont,  independent  of     ,  is  important. 

It  can  be  readily  seen  that  a  latticed  channel  colunni  with  a  25%  varia- 
tion in  elastic  limit  would  have  a  high  eccentricity. 


Mr. 
Chew. 
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Tlie  writer  is  heartily  in  accord  with  the  author  in  the  statement : 

"If  it  is  accepted  that  the  ehistic  limit  has  a  controlling  influence 
on  the  ultimate  strength  of  a  column  (as  it  is  believed  to  have),  then 
variations  of  from  25  to  27%  in  this  value,  as  witnessed  in  the  tests 
of  the  metal  of  these  plates  and  angles,  would  overshadow  those  con- 
siderations which  find  expression  in  empirical  formulas  for  strength, 
and  take  no  account  of  such  features." 

The  suggestion  of  remedy  in  designing  work,  however,  would  be 
to  assume  the  existence  of  a  variation  in  the  elastic  limit  between  the 
two  halves  of  a  section,  locate  the  resisting  axis,  and  provide  for  this 
bending  moment. 

It  is  curious  that  the  author  makes  no  note  of  the  condition  of 
the  specimens  with  reference  to  crookedness.  It  is  also  strange  to 
find  that  standard  specifications  simply  require  that  such  members 
shall  be  straight  and  true.  It  is  a  fact,  however,  •  that  they  are  not 
straight,  and  the  writer  believes  that  a  limit  of  departure  from 
straightness  should  be  specified.  Those  in  charge  of  one  of  the  leading 
testing  bureaus  state  that  commercial  columns,  30  ft.  long,  fabricated 
under  the  best  conditions,  have  veiy  seldom  less  than  i  in.  of  kink 
or  bend  in  them.  The  fact  that  Column  No.  5  failed  at  the  one-third 
point,  instead  of  at  the  middle,  leads  to  the  belief  that  there  may  have 
been  a  kink  near  that  place. 

The  item,  local  stresses,  is  interesting.  The  author's  investigation 
shows  the  importance  of  good  details.  However,  the  statement  that 
there  is  a  contractile  force  of  30  000  lb.  per  sq.  in.  for  riveting  is 
not  in  accord  with  the  writer's  experience,  for  he  has  noted  cases 
of  heavy  structural  members,  inspected  and  passed  at  the  shop  by 
competent  men,  in  which  a  number  of  rivets  have  worked  loose  during 
shipment.  This  would  seem  to  indicate  that  the  rivet  in  tension  was 
strained  beyond  the  elastic  limit,  so  that  the  contractile  force  would 
be  much  less  than  the  author  has  assumed. 

The  writer  understands  that  the  investigation  with  reference  to 
the  stresses  in  lattice  bars  was  made  at  the  middle  of  the  column 
length.  Although  these  bars  may  help  to  distribute  the  load,  to  a 
limited  degree,  and  also  tie  the  sections  together,  yet  one  of  their 
main  functions  is  to  carry  the  transverse  shear  produced  by  any  bend- 
ing moment  in  the  column,  which  shear  is  zero  at  the  middle.  It 
would  be  interesting  to  know  how  these  stresses  vary  toward  tlie  ends. 

The  writer  believes  that  the  investigations  described  in  this  paper 
will  be  a  great  aid  in  the  development  of  a  column  formula.  It  may 
or  may  not  be  agreed  that  the  six  items  cited  by  the  writer  produce  the 
mysterious  bending  moment  in  columns;  however,  if  a  limit  for  the 
variation  in  the  elastic  limit — degree  of  straightness — can  be  defined, 
it  is  believed  that  a  formula  including  the  moment  caused  by  these 
items  would  approximate  to  working  conditions. 
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Gix>u(;k  N.  Cole,  Assoc.  Am.  Soc.  C.  E.  (by  letter). — One  of  the  Mr. 
(lisfussors  lias  mentioned  the  dosirability  of  more  delieate  instruments 
for  the  measurement  of  changes  in  large  steel  columns  under  Inad. 
Tli(»  writer  has  noted  the  description  of  Mr.  Howard's  application  uf 
tln'  micrometer  screw,  and  believes  that  small  mirrors  might  be  used 
in  testing  large  bridge  members.  Some  of  these  mirrors  might  be 
attached  directly  to  the  column  and  others  could  be  set  up  on  a 
separate  axis  and  made  to  rotate  by  any  motion  of  the  column. 

By  this  means  the  bending  'or  twisting  of  the  member  could  be 
observed  in  a  state  of  rest  and  under  load,  it  being  understood,  of 
course,  that  a  fixed  source  of  light  is  furnished  for  the  mirrors,  and 
that  graduated  scales  are  placed  at  the  right  distances  to  magnify 
properly  all  motions  of  the  beam  and  render  them  calculable. 

The  writer  understands,  of  course,  that  this  method  has  not  the 
continuous  possibilities  of  Mr.  Howard's  ingenious  centering  for  his 
micrometer  screw,  but  it  is  thought  that  it  might  have  an  application 
in  certain  of  the  studies  of  column  tests,  and  for  movements  under 
load. 
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I'ralt. 


Mn  Mason  D.  Pratt,  M.  Am.  Soc.  C.  E.  (by  letter). — Two  of  the 
difficulties  mentioned  by  Mr.  Hogan  are  of  interest  to  the  writer 
becavise  they  correspond  exactly  with  conditions  met  in  driving  an 
intake  tunnel,  in  1906  and  190Y,  from  the  power  plant  of  the  Central 
Pennsylvania  Traction  Company,  at  Harrisburg,  Pa.,  to  the  Susque- 
hanna River,  a  distance  of  1 100  ft.  This  tunnel  was  driven  entirely 
through  limestone  formation,  and  was  from  5  to  20  ft.  below  the  river 
level.  In  sinking  the  midway  shaft  and  driving  the  headings  for 
200  or  300  ft.  each  way  from  the  shaft,  H^S  gas  was  encountered  in 
such  quantities  as  to  cause  serious  inconvenience  to  the  men,  and  for 
a  time  artificial  ventilation  was  necessary.  The  gas  affected  the  eyes, 
and  the  men  required  frequent  medical  attention ;  occasionally  their 
eyelids  were  swollen  so  much  that  their  eyes  were  entirely  closed  for 
a  day  or  two.  The  tunnel  passed  directly  under  the  yard  of  the  Cen- 
tral Iron  and  Steel  Company,  and  near  two  blast  furnaces,  and  the 
gas  was  attributed  to  the  furnace-slag  filling  which  was  used  ex- 
tensively around  the  yard  of  the  steel  works.  This  explanation  was 
rational  and  satisfactory,  but  Mr.  Hogan's  experience  on  the  Rond- 
out  shaft,  where  similar  conditions  did  not  prevail,  would  make  it 
appear  that  the  gas  might  have  come  from  other  sources. 

At  several  times  large  volumes  of  water  were  encountered,  the 
workings  were  flooded,  and  the  pumping  difiiculties  became  most  dis- 
couraging.    Although  the  central  shaft  was  only  45  ft.  deep,  and  the 

•Tills  discussion  (of  the  paper  by  John  P.  Hogan,  Jun.  Am.  Soc.  C.  E.,  published  in 
PrnceeiUnitii  for  March,  1911,  and  presented  at  the  meeting:  of  May  3d,  1911),  is  printed  in 
Proceedings  in  order  that  the  views  expressed  may  be  brought  before  all  members  for 
further  discussion. 
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writer  did  not  have  the  additional  difRfidtics  of  high-head  pumiting,  Mr. 
as  at  Ivondout,  yet  shaft  i)uiiips  wore  nofossary,  and  the  troubles  '" '* 
were  not  overcome  until  reeijjrocating  pumps  were  ay)andoned  entirely 
and  there  had  been  installed  three  No.  4  Emerson  pumps,  which  at 
times  delivered  from  1  500  to  2  000  gal.  i>er  min.  Grouting  of  seams 
was  resorted  to;  the  most  serious  case  occurred  when  one  heading  had 
advanced  400  ft.  from  the  shaft,  and  the  seam  was  successfully  closed 
witli  grouting  forced  tlirough  a  2-in.  line  from  the  top  of  the  sliaft, 
with  an  ordinary  hand-power  grout-pump,  saw-dust  being  mixed  with 
the  grout. 

One  other  difficulty  on  this  work,  which  nearly  caused  its  abandon- 
ment, was  a  large  inflow  of  hot  water  from  Paxton  Creek,  under  which 
the  tunnel  passed.  A  short  distance  down  stream  from  the  center 
line  of  the  tunnel,  the  creek  had  been  dammed,  and  the  pool  was 
used  as  a  reservoir  for  condensing  water  in  the  Traction  Company's 
plant  and  for  cooling  water  at  the  blast  furnaces.  This  point  was 
passed  during  the  summer,  when  the  flow  in  the  creek  was  practically 
nil,  and  the  temperature  of  the  water  passing  into  the  tunnel  was, 
at  times,  as  high  as  126°,  so  that  the  men  had  what  was  probably  their 
first  experience  with  a  Turkish  bath.  This  difficulty  was  not  over- 
come until  the  opening  from  the  creek  was  located  and  surrounded 
witli  a  coffer-dam. 

Charles  B.  Buerger,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). — This  Mr. 
paper  shows  that,  in  this  work,  the  greatest  obstacles  to  progress  were: 
the  difficulty  of  keeping  the  unwatering  pumps  in  satisfactory  working 
condition,  when  operating  against  a  head  exceeding  200  ft.,  and  the 
large  number  of  pumps  with  their  connections  needed  in  the  small 
space  available.  Eor  instance,  at  a  depth  of  300  ft.,  for  a  deliverj^  of 
725  gal.  per  min.,  ten  pumps  were  used,  although,  ordinarily,  this 
quantity  could  be  delivered  by  two  of  the  larger  Cameron  sinkers. 

The  objectionable  pulsations  in  the  discharge  piping  were  probably 
the  result,  not  of  the  higher  pressures,  but  of  the  increased  length  of 
the  discharge  column,  with  the  correspondingly  increased  inertia  of 
the  water  in  this  pipe,  and  greater  water-hammer.  Pumps  of  the  shaft- 
sinking  type  are  usually  fitted  with  very  small  air  chambers.  It  would 
be  an  interesting  experiment  to  fit  a  chamber  of  considerable  capacity 
on  the  discharge  of  such  a  pump.  Such  an  air  chamber  could  be 
designed  to  occupy  a  very  narrow  width,  and  be  long  enough 
to  give  the  required  capacity.  For  severe  conditions  an  additional 
chamber  could  bo  placrd  in  tlin  middle  of  the  length  nf  tlio  discharge 

pipe- 
Considering  the  reduction  in  capacity  of  both  jnunps  and  all  their 
piping   and   connections,   as   found   in   actual   service,    and   the   incon- 
venience caused  by  the  fact  that  they  occupied  so  much  space,  the  u^e 
of  such  air  chaml)ers  would  seem  to  have  a  valuable  field;  they  have 
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Mr.      been  used  successfully  in  the  penstocks  for  water-wheels  working  under 

Buerger,  extreme  conditions  of  length  of  supply  pipe  and  variable  load;  only 

a  service  trial  with  the  system,  however,  could  determine  the  facts. 

Mr.  L.  White,  Assoc.  M.  Am.  Soc.  C  E. — The  author  has  presented 

White,  ^jjg  eventful  history  of  Shaft  No.  4  of  the  Rondout  Siphon  so  fully 

that  it  is  difficult  to  add  to  the  paper,  or  to  dissent  from  what  he  has 

stated,  or  enlarge  upon  his   sound   conclusions. 

It  is  perhaps  well  to  re-state  that  no  structural  weakness  of  the 
rocks  at  this  point  gave  any  trouble,  the  case  being  simply  that  of  a 
few  porous  layers  heavily  charged  with  water  and  H^S  gas.  The 
Binnewater  sandstone  has  a  strong  resemblance  to  the  sand  rocks  of 
the  oil  region,  but,  instead  of  yielding  oil  and  gas  in  great  quantities, 
it  yields  only  valueless  sulphur  water  and  gas,  unless,  indeed,  some 
day  it  is  bottled  as  a  new  brand  of  Hunyadi  or  Pluto  water.  In 
the  speaker's  opinion,  the  sulphur  gas  gave  the  most  serious  trouble, 
for  besides  making  it  hard  for  men  to  work  in  the  shaft,  it  forced 
the  water  out  under  pressure  and  maintained  the  large  and  high 
flow  encountered. 

As  one  of  the  superintendents  well  stated,  "It  would  hv  hard  to 
find  another  spot  yielding  water  so  persistently  as  Shaft  No.  4."  One 
of  the  lessons  to  be  learned  from  this  work  is  to  place  as  little  reli- 
ance as  possible  on  vertical  sinking  pumps  hung  in  a  shaft,  and  to 
use  freely  horizontal  pumps  in  rings  or  chambers,  only  utilizing  sink- 
ers to  pump  from  the  bottom  of  the  shaft  to  the  lowest  chamber. 
One  of  the  most  experienced  shaft  men  even  used  horizontal  pumps 
on  the  bottom,  slinging  them  to  chains  in  order  to  raise  and  lower 
them  by  the  main  cable  at  the  time  of  shooting. 

As  described  by  Mr.  Hogan,  the  grouting  was  of  great  aid  in 
sinking  the  shaft,  and  was  very  successful,  particularly  in  connection 
with  a  heavy  seam  at  first  encountered.  It  is  not  easy  to  determine 
whether  or  not  the  grouting  of  the  diamond  drill  holes  could  cut  off 
much  water,  but  it  seems  to  have  been  effective,  for,  when  the  side  of 
the  shaft  at  the  largo  chamber  was  di'illed,  large  quantities  of  water  were 
encountered  in  the  hole  within  a  few  feet,  but  the  shaft  itself  did  not 
seem  to  be  particularly  wet  at  that  level. 

If  this  had  been  a  permanent  shaft,  it  probably  would  have  paid  to 
place  a  concrete  lining  in  the  wet  zone  to  cut  off  the  water.  This 
could  have  been  readily  done  by  pumping  the  water  from  the  back 
of  the  concrete  lining,  as  was  done  on  a  faulted  zone  at  Shaft  No.  5, 
where  125  gal.  per  min.  were  cut  off.  In  this  way  the  pumpage  could 
have  been  cut  down  to  almost  the  quantity  found  at  the  bottom. 

It  is  interesting-  to  recall  that  the  troublesome  layers  in  the  shaft 
also  proved  troublesome  in  the  tunnel  just  north  of  the  shaft;  that 
they  yielded  nearly  2  000  gal.  per  min.  at  one  time  for  a  stretch  of 
scarcely  more  than  100  ft.;  and  that  the  grouting,  unlike  that  in  the 
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slialt,  was  not  successful  in  cutting  off  any  liow,  tlic  ijurous  rock  being     Mr. 
so  broken  up  by  faulting  that  the  cement  failed  to  cut  off  the  water.        ^^'''**- 

Eventually,  the  tunnel  dried  out  the  shaft,  so  that  the  chamber 
pumps  were  removed  to  the  bottom,  at  which  time  there  were  four 
separate  discharge  lines  in  the  shaft — two  of  10-in.,  and  two  of  12-in. 
Eight  air-operated  pumps,  of  the  Cameron  reciprocating  type,  dis- 
charged into  them.  Three  of  these  had  a  capacity  of  450  gal.,  three  of 
350  gal.,  one  of  200  gal.,  and  one  of  330  gal.,  making  a  total  air- 
pump  capacity  of  2  930  gal.  per  min.  against  a  500-ft.  head.  In  ad- 
dition to  these  pumps  three  G-stage  Worthington  centrifugal  pumps 
were  installed  later.  These  were  electrically  operated,  and  their  capac- 
ities were  560,  600,  and  700  gal.,  respectively,  making  a  total  of  4  790 
gal.  per  min.  against  a  500-ft.  bead. 

Very  wisely,  a  concrete  bulkhead  was  built,  having  an  opening 
closed  by  a  heavy  wooden  door.  Various  pipes  for  air,  water,  etc., 
were  embedded  in  the  bulkhead  when  the  concrete  was  placed.  When 
an  explosion  of  the  dynamite  magazine  at  the  top  of  the  shaft  wrecked 
the  transformer  house,  putting  the  electrical  pumps  out  of  com- 
mission, the  door  was  closed,  shutting  off  the  water  in  the  heading, 
and  the  remaining  leakage  through  the  bulkhead  was  handled  by  the 
air-pumps.  This  prol)ably  saved  the  shaft  from  flooding.  Tlie  ground- 
water at  Shaft  No.  5  has  been  lowered  about  500  ft.,  and  the  tunnel 
adjacent   is   making   about   1 350   gal.   per   rain. 

The  bad  ground  at  Shaft  No.  5  revealed  the  character  of  the  rock, 
so  that  excavation  at  this  point  was  delayed  about  a  year.  Even  with 
this  delay,  the  T.  A.  Gillespie  Company  expects  to  complete  the  whole 
contract  on  time.  This  is  due  to  the  great  energy  shown  at  the 
beginning,  when  the  work  was  pushed  while  Shaft  No.  4  was  delayed. 
Had  it  not  been  for  the  energy  and  resourcefulness  displayed  by  the 
contractor,  the  work  might  still  be  far  from  finished,  and,  instead  of 
telling  how  the  job  was  done,  the  engineers  might  be  looking  for 
some  one  to  tell  them  how  to  do  it. 

H.  M.  Hale,  Jun.  Am.  Soc.  C.  E. — This  paper  is  a  valuable  con-  Mr. 
tribution  to  engineering  literature  on  diflicult  shaft-sinking.  It  "'''*^- 
describes  what  is  without  doubt  the  most  trying  piece  of  work  which 
the  engineers  of  the  Board  of  Water  Supply  have  encountered,  and  it 
is  a  matter  of  congratulation  that  the  resourcefulness  of  the  contractor 
accounts,  in  a  large  measure,  for  the  opportunity  to  discuss  the  history 
of  this  shaft. 

Shaft-sinking  pumps  will  pinnp,  but,  under  high  heads,  discharge 
lines  with  flexible  connections  act  like  the  weakest  link  in  a  chain. 
The  author  fully  points  out  their  weaknesses  in  that  respect,  and  the 
lesson  to  be  learned  is  eml)odied  in  the  successful  application  of  con- 
crete rings  and  chambers  where  the  duties  of  the  sinkers  can  be  trans- 
ferred to  horizontal  pumps  with  rigid  connections. 
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Mr.  Mr.  White's  discussion  touches  on  the  general  conditions  met  in  the 
"'*'*^"  tunnel  driven  north  from  Shaft  No.  4,  in  which  the  strata  of  porous 
rock  corresponding  to  that  in  the  chamber  were  struck,  resulting  in  an 
increased  flow  in  the  tunnel  and  an  absolute  loss  of  water  in  the  shaft. 
It  is  fortunate  that  the  intimate  relation  between  the  chamber  and  the 
porous  zone,  penetrated  later  in  the  heading,  existed,  on  account  of  its 
bearing  on  the  tunnel  driven  from  Shaft  No.  3  southward  through  the 
Helderberg  limestone.  The  maximum  flow  into  the  tunnel  (2  000  gal. 
per  min.)  lowered  the  water  level  in  the  whole  region  more  rapidly  than 
would  have  been  the  case  had  the  greatest  amount  of  pumping  been 
confined  to  the  water  flowing  into  the  chamber  alone. 

In  the  tuimel  driven  south  from  Shaft  No.  3  approximately  1  000  ft. 
were  in  a  zone  of  overthrust  faults  and  vertical  fractures,  extending 
from  Station  587  to  Station  597.  In  every  case  the  fractures  running 
diagonally  across  the  tunnel  showed  water-worn  surfaces  and  cavities 
which  had  been  enlarged  by  solution  at  a  time  when  the  region  was 
above  sea  level.  The  result  was  that  these  cavities,  most  of  which 
extended  far  above  the  tunnel  roof  and  to  unknown  distances  in  both 
directions,  were  completely  filled  with  a  "residual"  clay,  which  con- 
tained absolutely  no  grit.  In  one  wide  seam  there  was  found  a  bed 
of  clean  sharp  sand,  with  a  small  proportion  of  pebbles.  The  bed 
thinned  out  at  the  edges  where  it  pierced  the  surrounding  clay. 

In  the  tunneling  these  seams  dropped  their  contents  into  the  head- 
ing, but  only  in  one  case  was  there  any  flow  of  water  into  the  tunnel. 
The  first  clay  pocket  containing  sand  gave  a  flow  of  about  200  gal. 
per  min.  Before  the  subsequent  caves  had  been  opened  up,  the 
chamber  at  Shaft  No.  4  ran  dry,  causing  the  flow  in  the  tunnel  to 
decrease  to  less  than  100  gal.  per  min.  for  its  whole  length.  No  water 
accompanied  the  inflow  of  soft  clay  after  the  first  encounter;  therefore 
only  a  small  proportion  of  clay  in  the  seams  had  to  be  taken  care  of. 
The  seams  cleared  themselves  wholly  only  for  that  portion  of  their 
length  covered  by  a  little  more  than  the  width  of  the  tunnel.  Beyond 
this,  they  held  the  clay  contained  in  them  and  gave  very  little  trouble 
thereafter. 

Some  of  these  caves  are  of  considerable  size,  the  largest  being  about 
5  ft.  wide,  20  ft.  high,  and  extending  for  about  30  or  35  ft.  to  one 
side  of  the  tunnel. 

With  such  conditions,  therefore,  the  results  might  have  been  far 
worse  had  the  ground-water  not  been  lowered  below  the  level  of  the 
tunnel  by  the  large  inflow  of  water  in  Tunnel  No.  4  North,  which,  at 
the  foot  of  Shaft  No.  4,  is  about  145  ft.  lower. 
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(iEOIUii:  IJOWERS  CALDWELL,  M.  Am.  Soc.  C.  E.* 


DiKo   ^[arcii  31st,   11)11. 


George  Bowers  Caldwell,  son  of  Lucia  Morgan  and  Lewis  IL  Cald- 
well, was  born  in  Lowell,  Mass.,  on  April  11th,  1SG3,  where  he  received 
his  early  education  in  the  public  schools.  At  the  age  of  seventeen, 
he  became  an  apprentice  of  the  Lawrence  Manufacturing  Company, 
of  Lowell,  serving  his  time  in  the  shojjs  and  drafting  room.  At 
the  end  of  his  four  years'  apprenticeship  he  remained  with  that  com- 
pany, as  Assistant  to  the  Master  Mechanic,  until  1889,  when  he  ac- 
cepted the  position  of  Master  Mechanic  of  the  Washington  Mills  Com- 
pany, of  Lawrence,  Mass.,  where,  for  four  years,  he  was  in  charge  of  the 
drafting  room,  as  well  as  the  construction  and  repair  work. 

In  1893  Mr.  Caldwell  entered  the  employ  of  Westinghouse,  Church, 
Kerr,  and  Company,  and  retained  his  connection  with  this  firm  until 
his  death.  During  this  period  he  was  in  responsible  charge  of  design- 
ing and  constructing  nuin.v  works  of  engineering  interest,  among 
which  were  the  following: 

The  mechanical  and  electrical  features  of  the  South  Terminal  Sta- 
tion, at  Boston,  Mass.;  the  Pittsburg  Terminal  of  the  Pittsburg  and 
Lake  Erie  Railroad;  the  railroad  shops  of  the  Pittsburg  and  Lake  Erie 
Railroad  at  McKees  Rocks;  and  the  construction  of  the  Kingsbridge 
Power  Station  of  the  Third  Avenue  Railroad.  He  also  supervised  the 
design  and  installation  of  the  electrification  of  the  Long  Island  Rail- 
road, including  the  large  power-house  at  Long  Island  City.  lie  was 
in  charge  of  the  design  and  construction  of  the  mechanical  and  electri- 
cal features  of  the  Pennsylvania  Terminal  Station,  in  New  York  City, 
but  was  obliged  to  relinquish  it  just  before  it  was  completed.  In  all 
his  work  he  showed  engineering  (lualifications  of  a  high  degree. 

In  1889  Mr.  Caldwell  married  Mary  E.  Eraser  of  Lowell,  Mass., 
who,  with  four  children,  survives  him. 

After  the  completion  of  his  work  in  connection  with  the  South 
Terminal  Station,  in  1899,  Mr.  Caldwell  moved  to  Yonkers,  N.  Y., 
where  he  resided  iratil  his  death. 

He  took  an  active  interest  in  civic  and  social  affairs,  and  was  well 
and  widely  known  in  the  neighborhood  of  his  home,  being  an  active 
worker  and  Trustee  in  the  Baptist  Church  of  the  Redeemer  and  a 
Charter  Member  of  the  Nappeckamack  Club,  of  Yonkers.    He  was  also 
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a  ^^leiuber  of  the  American  Society  of  Mechanical  Engineers,  of  the 
(Jrccian  Lodge,  A.  F.  &  A.  M.,  and  of  the  Mt.  Sinai  R.  A.  Chapter,  of 
Lawrence,  Mass. 

ilr.  Caldwell  was  a  man  of  unwavering  integrity  and  of  great 
energy,  inspiring  perfect  confidence  and  respect  in  all  those  with  whom 
he  dealt.  He  was  not  only  a  loving,  but  a  wise  parent,  and  his  death 
leaves  a  void,  not  only  in  the  hearts  of  his  family,  but  in  the  hearts  of 
those  for  whom  he  worked  and  who  worked  for  him. 

Mr.  Caldwell  was  elected  a  Member  of  the  American  Society  of  Civil 
Engineers  on  April  1st,  1908. 


JOHN  FRANKLIN  HINCKLEY,  M.  Am.  Soc.  C.  E.* 


Died  February  20th,  1911. 


John  Franklin  Hinckley  was  born  in  Boston,  Mass.,  on  December 
13th,  1849.  His  parents  were  John  Loving  Hinckley  and  Emeline 
Hinckley.  He  received  his  education  in  the  public  schools  and  at  the 
English  High  School  of  Boston. 

His  father  was  engaged  in  the  railroad  business  in  the  West,  and 
in  July,  1868,  Mr.  Hinckley  joined  the  Engineering  Corps  of  the 
Atlantic  and  Pacific  Railroad  (now  the  St.  Louis  and  San  Francisco 
Railroad),  and  was  Assistant  Engineer  on  its  constrviction  from  April, 
1869,  until  May,  1870,  and  Assistant  Engineer  on  surveys  until  July, 
1871,  at  which  time  he  entered  the  service  of  the  Missouri  Pacific 
and  was  employed  on  the  construction  of  its  Lexington  Branch. 

From  January  1st,  1872,  to  August,  1873,  Mr.  Hinckley  was  Assistant 
Engineer  on  the  Indiana  and  Illinois  Central  Railroad,  and  from 
August,  1873,  to  December,  1875,  he  was  employed  as  Chief  Engineer 
on  the  Havana,  Rantoul  and  Eastern  Railroad.  In  December,  1878, 
he  was  appointed  Division  Engineer  in  charge  of  the  construction  of 
no  miles  of  the  Chillicothe,  Brunswick  and  Omaha  Railroad.  In 
July,  1879,  he  entered  the  service  of  the  St.  Louis  and  San  Francisco 
Railroad,  remaining  in  the  Company's  employ  as  Division  Engineer 
and  Principal  Assistant  Engineer  until  January,  1887,  when  he  was 
appointed  Chief  Engineer  of  the  St.  Louis,  Arkansas  and  Texas  Rail- 
way (now  the  St.  Louis  Southwestern  Railway),  and  had  charge  of 
the  construction  of  branches  to  Shreveport,  La.,  Hillsboro,  Tex.,  Little 
Rock,  Ark.,  Fort  Worth  and  Sherman,  Tex.,  until  July,  1888,  when 
he  resigned. 

In  1888  and  1889,  Mr.  Hinckley  was  Assistant  to  Robert  Moore, 
Past-President,  Am.  Soc.  C.  E.,  on  the  Merchants  Bridge  Terminal 
♦Memoir  prepared  by  C.  D.  Purdon  and  F.  G.  Jonah,  Members,  Am.  Soc.  C.  E. 
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Railway  in  St.  Louis,  Mo.,  mikI  from  lss9  to  1894,  he  was  assoc-iattMl 
with  Messrs.  A.  W.  Scott  aiul  ,1.  II.  Hedges  in  contracting  work  an<l 
in  a  quarry.  Durinjr  this  time  lie  did  a  great  deal  of  work  for  the 
Kansas  City,  Nevada  and  Fort  Smith  Kailroad  and  for  the  Mi.s30uri, 
Kansas  and  Texas  Railway,  and  was  also  engaged  in  i)rivate  practice. 

In  August,  1804.  Mr.  Hinckley  was  api>ointed  Chief  Engineer  of 
the  Choctaw,  Oklahoma  and  (Julf  Railroad  (now  the  Rock  Island  Com- 
pany), and  constructed  the  line  from  ^IcAllister  to  Oklahoma  City. 
In  January,  1896,  he  was  engaged  as  Chief  Engineer  of  Construction 
of  the  St.  Louis  and  San  Francisco  Railroad,  and  had  charge  of  tin- 
construction  of  many  miles  of  this  road,-  mostly  in  Oklahoma  and 
Texas,  including  the  lines  from  Bolivar  to  Osceola,  ^lo. ;  from  Sai)ulpa 
to  Oklahoma  City,  Okla.;  from  Sapulpa,  Okla.,  to  Sherman,  Tex.; 
from  Tulsa  to  Avard.  Okla.;  and  from  Sherman  to  Carrolton,  Tex. 
On  the  Fort  Wortli  ainl  Rio  Grande  Railway,  he  was  in  charge  of  the 
construction  from  IJrownwood  to  Brady,  Tex.,  and  supervised  the  con- 
truction  of  the  line  from  Hope  to  Ardmore,  Mo.,  and  from  Oklahoma 
City  to  Quanah.  Tex.  He  also  supervised  the  construction  of  the 
Blackwell,  Enid  and  Soutlnvesteni  Railway,  from  Okeen,  Okla.,  to 
Vernon,  Tex. 

In  January,  1904,  Mr.  Hinckley  was  appointed  Chief  Engineer  of 
the  Frisco,  remaining  in  this  position  until  Fehruary,  1909.  During 
this  time  he  supervised  the  construction  of  the  St.  Louis,  Brownville 
and  Mexico  Railway,  the  Colorado  Southern,  the  New  Orleans  and 
Pacific,  and  the  New  Orleans  Terminal  Railway.  During  his  service 
with  this  road  (1890-1909),  about  1800  miles  of  the  jn-esent  "Frisco 
System"  were  built  under  his  supervision.  On  his  resignation  as  Chief 
Engineer,  in  February,  1909,  he  engaged  in  private  practice,  opening 
an  office  in  St.  Louis,  Mo.  His  death,  which  occurred  on  February 
20th,  1911,  after  a  short  illness,  was  caused  by  pneumonia. 

Mr.  Hinckley  was  closely  identified  with  the  development  of  what  is 
now  the  State  of  Oklahoma  through  his  work  of  railroad  <'onstruction. 
He  was  a  courteous  man,  kind  and  considerate  to  his  subordinates 
and  ever  willing  to  promote  the  younger  men  in  his  employ;  conse- 
quently, he  had  the  esteem  and  confidence  of  his  assistants  to  a  marked 
degree.  He  was  as  studious  as  permitted  by  his  active  life  and  owned 
one  of  the  best  libraries  in  St.  Louis.  Although  he  did  not  seek 
general  society,  he  was  hospitable  and  friendly,  especially  to  those  of  his 
Profession,  and  he  will  be  greatly  missed  by  all  who  knew  him. 

Mr.  Hinckley  was  elected  a  ^Member  of  the  American  Society  of 
Civil  Engineers  on  May  6th,  1885.  He  was  also  a  ;A[ember  of  the 
American  Railway  Engineering  and  Maintenance  of  Way  Association, 
the  American  Society  for  Testing  ^Vfaterials,  the  Engineers'  Club  of 
St.  Louis,  and  other  societies. 
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LOUIS  EDWIN  HAWES,  Assoc.  M.  Am.  Soc.  €.  E.* 


Died  January  29th^  1911. 


Louis  Edwin  Hawes,  son  of  Henry  E.  and  Frances  E.  (Wesson) 
llawes,  was  born  in  Springfield,  Mass.,  on  January  27th,  1860,  his 
mother  being  a  sister  of  the  late  Daniel  B.  Wesson,  head  of  the  world- 
famous  firm  manufacturing  the  Smith  and  Wesson  revolver. 

His  youth  was  passed  in  his  native  city,  where,  at  the  age  of  fifteen, 
as  the  eldest  child  of  a  widowed  mother  with  six  children,  the  stern  duty 
of  caring  for  and  maintaining  the  family  was  suddenly  thrust  upon 
liim.  That  this  duty  was  faithfully  performed  is  attested  by  the  filial 
aifection  and  deep  family  devotion  which  characterized  Mr.  Hawes 
throughout  his  life. 

^lle  studied  at  the  Worcester,  Mass.,  Polytechnic  Institute,  where 
he  entered  with  zest  into  the  sports  of  the  day,  being  especially  skilled 
in  base-ball.  He  played  the  violin  in  the  orchestra  of  the  Institute. 
On  this  graduation,  in  1882,  with  the  degree  of  B.  S.,  he  at  once  began 
active  work  in  his  chosen  profession.  In  the  summer  of  1882  he  was 
Levehnan  and  Assistant  Engineer  on  the  location  survey  for  the  Meri- 
den  and  Cromwell  Railroad  in  Connecticut,  and  later  in  the  year.  As- 
sistant Engineer  on  watei'-works  construction  at  Northboro,  Mass. 
During  1883  and  1884,  he  was  Assistant  Engineer  on  the  Wakefield, 
Stoneham,  and  North  Attleboro,  Mass.,  water-works.  In  1885  he  was 
Resident  Engineer  on  the  Norwood,  Mass.,  water-works,  and  in  1886 
served  in  the  same  capacity  on  the  Juniper  Hill  Reservoir,  at  Rockland, 
Me.,  and  was  in  charge  of  the  surveys  for  a  sewerage  system  at  Hyde 
Park,  Mass. 

In  1887  he  was  employed  as  Resident  Engineer  on  the  construction 
of  the  Ayer,  Mass.,  water-works,  and,  in  1888,  as  Assistant  Engineer  on 
the  Dover,  N.  H.,  water-works,  his  work  for  the  preceding  five  years 
having  been  under  Mr.  Percy  M.  Blake. 

In  1889,  Mr.  Hawes  began  business  for  himself,  opening  an  ofiice  in 
Boston,  Mass.  He  continued  in  active  practice  as  a  civil  and  hydraulic 
engineer  and  as  a  contractor  until  his  death,  a  period  of  twenty-two 
years.  During  this  time  he  investigated,  designed,  and  reported  on  or 
constructed  new^  water-works  systems  or  improved  old  ones  in  about 
forty  towns  and  cities  in  New  England  and  the  West,  and  was  fre- 
([uently  called  as  an  expert  in  the  appraisal  of  water-supply  plants,  in 
legal  controversies,  and  in  other  matters  involving  hydraulic  questions. 
Among  the  places  where  he  did  work  may  be  mentioned,  Avon,  Need- 
liam,  Provincetown,  Lexington,  Llolden,  Housatonic,  Falmouth,  Ames- 
bury,  Milford,  Whitman,  Edgartown,  and  Marion,  in  Massachusetts; 
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^Middlebury,  Vt. ;  Alton,  111.,  and  Independunfe  and  Newton,  Kans. 
He  designed  and  reported  on  a  system  of  sewerage  and  sewage  disposal 
for  Wakefield,  ISfass.,  and,  in  1895,  was  Chairman  of  the  Sewerage  Com- 
mission of  that  town.  At  the  time  of  his  death  he  was  Treasurer  and 
]\ranager  of  the  Edgartown  Water  Company. 

Mr.  Hawes  was  a  man  of  pleasing  personality,  unswerving  integrity, 
strong  religious  conviction,  and,  as  an  engineer,  thoroughly  reliable, 
painstaking,  and  observant  of  every  detail.  During  a  close  iirofessional 
association  of  more  than  ten  years,  the  writer  never  heard  him  utter  a 
violent  or  unchaste  remark  or  speak  ill  of  any  one.  One  of  his  con- 
temporaries writes : 

"Mr.  Hawes  was  a  careful  and  painstaking  engineer  of  ability  and 
good  judgment.  Although  modest  and  retiring  in  his  manner,  he  gave 
to  all  matters  entrusted  to  his  attention  a  full  consideration  and  the 
benefiit  of  a  well-balanced  judgment.    Whatever  he  did,  he  did  well." 

The  Chairman  of  the  Water  Commissioners  of  Holden,  Mass.,  re- 
ferring to  the  monthly  estimates  prepared  by  Mr.  Hawes,  wrote :  "They 
are  models  of  clearness  and  mathematical  accuracy." 

On  June  16th,  1886,  Mr.  Hawes  married  Miss  Hattie  M.  Emerson, 
of  Wakefield,  Mass.,  who,  with  a  daughter  and  a  son,  survives  him. 

Mr.  Hawes  was  admitted  to  the  New  England  Water- Works  Associa- 
tion, on  December  12th,  1888;  and  to  the  Boston  Society  of  Civil 
Engineers,  on  June  20th,  1894. 

He  was  elected  an  Associate  Member  of  the  American  Society  of 
Civil  Engineers,  on  September  2d,  1896. 
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